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Abstract

With the booming development of the e-commerce industry, fresh e-commerce and other subdivi-
sions are gradually emerging, and the demand for cold chain logistics distribution is increasing. Cost
control and efficiency optimization have become key issues. This study focuses on the joint distribu-
tion vehicle routing problem in e-commerce cold chain logistics with time windows. A multi-dimen-
sional cost optimization model incorporating refrigeration costs and damage costs was constructed. A
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hybrid algorithm combining genetic algorithm and variable neighborhood search algorithm is used
to solve the model. The simulation results showed that joint distribution outperforms independent
distribution in many aspects. Considering all costs comprehensively can optimize the total distri-
bution cost, achieving a balance between economic and environmental benefits. E-commerce enter-
prises can choose different vehicle types under different demand scenarios. This study provided
theoretical basis and decision-making support for e-commerce cold chain logistics enterprises to
reduce costs and improve efficiency, and to achieve transformation and upgrading.
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R I 23 5 I ) B AN TR 20 AR AR VA BE IR A2 AR AR Y, R A SO AR SI2R iR - M Huang 25915
(I =5 18 7 A 1) Bl 17 it 2 %) 7 i P R B, R BT SO ) 0 R AT R BT SR A
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FCIAFEMER 27 o TRAERSE(14] DL AR FIC 14 BE 1 5 R M E 3 o0 ZE 03t ~P 48 B B A 7 P A,
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W FES HL R P BE DL AR O T AT A AN L 117 FROAR AN B AR A A2 v B X ) - R il O A L S
SCHR[4] [0 AR LAY, SERAM AN TERE . (2) FB o2 AL TH SR I A IR 6 P22 5 ik 22 4
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A2 TR EEAS R R SR F AR At Il 1) G DR SR SR A AT UG ek R R R B AT
AL, ORI Ak E R PR R R SR S
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2.1. [E)EEHEIR

TR AR AN R , NMEIEFLAT L, DR R, BANE S ST SRE DA AR O
HE, B NEFRAIRS S, R B B R I ECE G . AR AT M R R R R A, B
SR R — R A . AN IR R AR B bR TR R T % 5 RoR IR T, SMAEBCE AR .

BB BT

(1) BCikH O 2 7 RABRR AL E A

Q) EEFAFRECH, FTREME T, AaRAENTEL, HRBEHHEHL.

(3) Beikro A — PR RS, Hm REE DA

(4) ZERRTEAT RO R AR I AR A A KA

(5) TERCIELFE S, ZEA40AT B R FEAE

(6) & HHEE RS IR B O, AR GO KLU, I, 5T e RS, AR A AL T A

22. FSEX
RT3 X 1 iR

Table 1. Symbol definition
F1HFSEX

s 5E X e 5E X
V={L2,m+n}, FHmE%"GEE,

4 k k H i i
n B LR e RRALLE
A SRR V{12, m) 0 BB TR P 5 i AR
Vi RCEHLIES, ¥, = {m+ 1o m+n) o, LN S 2
FWERE, K={12, k) G A 1 2 A
0~1 50, MRS &k 420 S 4 0 B 5 e
Xy M 1, 0 C, FALRRAN B (O /kg)
O~1 55, WA & 2RSS T 4 NN
d, B 2 C, BRI I BRI ) () 17 70 B A (0 )
L VSRR IR =9 A Gl SEha C, IR 25 s B4 oz D £ 61194 350 A (T8/h)
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Y, ZERAT G BB R AT (TT/)
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5; ZEARER P i R IRSS I K Co ZE G 0 I P B A7 B ) 4 3 BCAR (Oa/h)
[DET.DLT | i i2% o B ) o X2 5 5 I RST8] 1 4 it (L /)
[ET,.LT] B i R A w, IR 55 Bk B AR i 1] 1) 4 FE (L /h)
P T 2 N A R B i R 4 ZETTI DR PR B P17 i i P U R B
you ZEIF I N A PR B i R g, ZETTFT TR B0 72 i i PV 3R 4
g F R R R R R n et & Hu(kg/L)
2.3. A
(1) [ 5E peAs
¥ 8 A 5 AR A AR A oG, AR AR 2, U S A i
=333 ¢y (1)

T

(2) WARUSA
FE VA BEVITRICIE T, BRHFBORAS P B0 2 2R 50T B BE R TSR v R BB AT REFEIR

1. AT B BERERRHE L
TS ORI 5148  BSBl TH%,  ZRARAT B AR T AR RS R AR E A B 2 A Ok

i zzzx,jk[m 2o, ]d o

iV jeV keK

2. il RGSATHRHEIL
il AR GUHAE E B AT B AR T, AR LB AR 55 IR R

a)xjkzzz +a)12max{(ET t) 0}+a)22s 3)

i€V jeV kekK k

TRHAFTBUR AR «

22=C2*77*(f1+f2) 4
(3) MFEHA
RV B CUAE VBB HEISOR AR 2 Y, Ot A B4 TR AR

Z3=C3*(f]+f2) (5)
(4) HApA

HL R A SE DAL LI 5 S M A DR B DX AE T, R OR 7 b A 32 a3 v (R P i B PR A E A

i AT AE A AR BRI, FETHSRLERAS , RERE A A — T D AR AN

Z, C4IZZZxUktU+C4IZmax{(ET £).00+Cp 2, ©)

i€V jeV keK i€V,

(5) WA
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ZZx”k:ZZxﬁk:I,VkeK (10)
ieV, jeV, ieV, jev,
> > xu=LVieV, j=i (1)
kekK jeV '
DX xu=LYjeV, i#j (12)
kekK jeV
2.9V <O VkeK (13)
i€V,
t= 3 D (max{t, ET}+s,+1; )x, + 2 O (DET +1, )x,,.Vj 7, (14)
i€V, keK keK leVy
D> xu <|S|-LVS V.. Vke K (15)
ieS jeS
DET <t,<DLT,VieV (16)
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ROVFEREA T /ME: RA0)FRRE AR [BE A R0 RADAR12) TR T HRER RS —
W M)EREAEBET MR REE;, N(1HFBREFRIEAZ P SHEE; 215)FR RN BETF
F(16)FCIE L B E PRl s =R 7)) AIRIR AR & .
3. Bt

RS T R B () B 22 PO B A R IE Y, BT ML TYAT NP-hard W@ . ASKRMEZ B, AR
— P B AL 5 ) (genetic algorithm, GA)FIAF 4R 4% 2 5% (variable neighborhood search, VNS)HH 454 17R
BHEIE(GA-VNS)., fEME Y, BHLER TR R, 2R AL R E k@ AW
AR AT ok 45 4 R 5 B STy Mk RS B A, A A0t A BB
3.1. FEFYEIDFNRG

AR AR BUmIG r s B e AR . BN SR T BT B AR S L A — A e B R RIS T
%, fEAE R, IR EWIRE . BT KL R & Wl RN, B AT N 1~9,
PAELIE 0 A R Bo 240 1 MBCIEHO A R, KRS 9T 1. 64 4. SRR, HHEREEF
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Figure 1. Chromosome coding and decoding di-
agram
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3.3. BfEEE
3.3.1. iEEFIRE

AT F AR FR I BEARS JL (R S SRS R Ak LA . B —ACRIRREE R, S ER bR TR I 51k
SRk tHAAR, AT NAIAS S (077 R A TR S5 SRR SR B S, 78 T AR R R ) R e A
AME, BB T AR, PUBURT — 1A BB AR M
3.3.2. AENIBIE

AR T 22 SRNE o e, WA ARG ik BB LE R AN B, AL B P TR A AR 2l —
AR B B AN SAR G oA i v 8] B 1 B3 AR S R I Rl . L0, S — AN SAR S Bk Ak vk
SHIFAERNBTFROTRME. FBB A TP R E PRI, Bk ZERE, ks 8 )55
R, HEZRBRTREEEROBE. & XREWE 2 Bis.

RAR2 7352-46

1 EHEIEI 7 8 o 4 6
Fi2 BBl s 2 3 5 7 4

Figure 2. Crossover operation
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KW AT ERARG ok L BENLERE AR B4 B I T 2z e, B 740 B3 A
AR A
3.4. TEERRIE

AR SR ZGE I B - RE R - AR RS HLE R A RO 4 RIR R 5 R R . fEiR
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Figure 3. Mutation operation

E 3. TREE

(1) & WARTERASHBEHLEFEPIA A, IFEHEAIE . (2) B mai AR W AT A B
PLEFE— DT, KA B ER, IFEA R P R E . (3) XU RSB N ATigAe
BEMLCEFEPI A ART 0, RN RT A B, IR AR PRI E . (4) ¥ WARTERAR T, B

WLk #E— BOESE TR, IR -

4. AR

B AR A A-n36-kS, TEoREA Python B4 rand()BRELTE[0, 1.5)Z [AIBEALAE AL, 2% 7 5 AT 2 A

LB 2 FiR. S8

37

EPsYE

SrRIRTFSCHR[17], HARWIF: v, =45km/h , FERAEIBGHEE v, =3.6 t/h

45 0t s, =9, p=0.18L/km , p =041L/km, QO =5t, C =18075/#i » C,=0257/kg »

C, =6.687G/L K ¢, =10x/L, C,=155G/L, C,=500070/t, C,=C,=1007G/h » @ =1L/h,

w,=15L/h, 5 =0.001, & =0002, 1=2.61kg/L -

Table 2. Customer point and distribution center information

2 BERSMEEHOCHEXER

I > AR /km kit I [7] TS AR /km R/ i [F)
1 (15,19) 0.2 (8:30~11:30) 21 (41,23) 1.1 (9:30~11:00)
2 (1, 49) 0.5 (9:30~11:00) 22 (19, 75) 0.7 (8:00~11:30)
3 (87,25) 1.1 (9:30~11:00) 23 (15,79) 0.8 (9:00~11:30)
4 (69, 65) 0.8 (8:30~12:00) 24 (79, 47) 1.3 (8:00~11:00)
5 (93,91) 1.4 (8:00~12:00) 25 (19, 65) 0.4 (9:00~11:30)
6 (33,31) 0.3 (9:30~11:30) 26 (27, 49) 1.0 (10:00~12:30)
7 (71, 61) 1.2 (8:00~12:30) 27 (29, 17) 0.6 (10:00~12:30)
8 (29, 9) 0.7 (10:00~12:00) 28 (25, 65) 1.5 (9:00~11:30)
9 93,7) 0.9 (9:00~11:30) 29 (59, 51) 0.2 (9:30~11:00)
10 (55, 47) 1.3 (10:00~12:00) 30 (27, 95) 0.5 (8:30~12:00)
11 (23, 13) 0.4 (9:00~11:00) 31 (21,91) 1.2 (8:00~11:00)
12 (19, 47) 1.5 (9:30~11:30) 32 (61, 83) 0.9 (8:30~12:00)
13 (57, 63) 0.6 (9:30~11:30) 33 (15, 83) 0.3 (8:30~11:00)
14 (5,95) 1.0 (9:30~11:30) 34 (31, 87) 1.4 (9:30~11:00)
15 (65, 43) 0.1 (9:00~11:00) 35 (71, 41) 0.7 (10:00~12:30)
16 (69, 1) 1.2 (9:00~12:00) 36 91, 21) 1.1 (9:00~11:30)
17 (3,25) 0.5 (8:30~12:30) D37 (20, 34) / (8:00~17:00)
18 (19,91) 0.9 (9:30~12:30) D38 (80, 25) / (8:00~17:00)
19 (21, 81) 1.4 (10:00~12:00) D39 (21, 83) / (8:00~17:00)
20 (67,91) 0.3 (9:30~12:00) D40 (69, 60) / (8:00~17:00)
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4.1. FEEEFAI LS4

TEZ HOELERTHE T, X b = fp 22 S AGRCIE R 12 8 A Re - ST Ik SE0 v, SR FH 23 X HC 1% S mes
¥ 36 AR R U R 2 A DA R S5 X H, AN XIS 9 NSRS I 7 1 . D37 Bkl
BT AT 1~9 F R ECI% AR 55, D38 D39, D40 Bzt 0o M 43 73] 41 57 25 4 5 £ 10~18 19~27 K 28~36
(IRCIE AR5 » TEICAACIESRIG 2Rt ik i O o f e, TR R B FE S BRI ACIE 0. 23R
Z DM ELE RS AR, B 4 MO ELOE R R R, K 4 NS PO SO RIS AEER, BS N
ZHLEMREBAE. &5 AR T 4R .

Table 3. Optimal route table for multi-center independent distribution

3. BRI EERMEER

LB ik P42 HHEN 3o RESE &S
1 D37-1-2-6-7-4-5-D37 44 88%
2 D37-3-9-8-D37 2.7 54%
3 D38-11-17-12-14-18-D38 43 86%
4 D38-16-15-10-13-D38 32 64%
75%
5 D39-22-23-25-26-21-27-D39 4.6 92%
6 D39-24-20-19-D39 3.0 60%
7 D40-28-33-31-30-34-D40 4.9 98%
8 D40-32-29-35-36-D40 2.9 58%

Table 4. Optimal path table for multi-center joint distribution
4. ZRUHKARERMBESR

5 [{EES SR EE R R RS RROE T &S
1 D37-17-1-11-8-27-21-6-D37 3.8 76%
2 D38-16-9-36-3-D38 43 86%
3 D40-7-4-32-20-5-D40 4.6 92%
4 D39-31-30-34-19-D39 4.5 90% 85.71%
5 D39-22-33-23-14-18-D39 3.7 74%
6 D40-24-13-29-10-15-35-D38 4.2 84%
7 D39-28-25-2-12-26-D37 4.9 98%

YR 3 RIEE 4 AT, SR IO IR S I, O RO [ AR SR R A, A I R
AR AP 1) 8 45 4, IS R0 D37 58 2 Wi 1 IR 458 D37-3-9-8-D37 AT 55, R HRANE 54%,
D40 f2E 2 2RI D40-32-29-35-36-D40 IERATIIRFS I, i 58%, FeaFHIHMLT 60%. MArALiE
AW ERLIEBCRIBE] 90%LA F, TMIKARCIER 3 AR T 90%LA I, BSTELE P28 E R 75%,
M LR F) P2 B NIA R 85.71%. XK, BRAHCERISTESR M F s 8 I A A B,
RS B0 A 80t R g BE R, kb BRIRR 3%

DOI: 10.12677/ecl.2025.14113613 1717 TR 4TS


https://doi.org/10.12677/ecl.2025.14113613

PN 4

BNk AR
80 1
60
%
N
40
20
0 4
0 20 40 60 80
XALFx

Figure 4. Optimal path map for independent distribution
Bl 4. TIFCERNBEEZE
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Figure 5. Optimal path map for joint distribution
E 5. BAhERMNEKEE

Table 5. Comparison table of results for different delivery modes

5. PRIEEEAERILER

% ik
A i ik P ST R
[i] 5 R A 1260 1440
TRHER S AS 91.24 212.56
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HFE A 934.03 2176.08
A A 275.64 460.61
AR p A 385.34 501.77
b T A 125.99 175.12
SRR 307223 4966.14
A B Y 564.48 1448.28

A R 7 8
Bl 364.94 850.24

WA I TR B 28 24

o3 5 B R A

(1) BRASTTTH = BRA IR A A M R TE S TS A b3 R 2 AR 3 Horh, [ 58 A T B 12.50%,
THFE AR BN R, BEIRIE 57.08%. BCEELIE MR 3072.23 TG, AHETAALALIE ) 4966.14
JG, MARTIZ)T 1893.91 Ji, F#KT 38.14%. BRERELEREA AL PG, XF T B R k&
REE R B ERANE

() HEEJ51H : BEAHCIE R HE R BT MOTALE, PRIC 57.08%. BEAHCIE I b T30 AR A0
PemEMREE, REMRK T VRACIEX BRI, R T XK GEEE S H R AT M R

(3) BLIRZCE T : BRARCIEM AR E N 564.48 km, KT I AL 1448.28 km, X B
AEOETE LB AR A T TR IELF, WD TADEMATIES . b4, BCARCEMER T 7 %%, Ml
SEFGEEH T8 WA, RUACA BB TE A TR e L.

(4) BRI 8 S RIAGE A, A RCIETE R E I R VIR A 28 MRS, M
SEFERIE R 24 Ao FE R IR ST AR AR, CUERS ENIE T B L RE I AR DUR MR ZE A SE S I R R,
T L RESR T2 i P, 3 T 398 5 6 v o 10 S0 R B

GELEATR, BEATEE RIS IE AR . FREERMT . Jc i i s 28 7 i B 25 T S8 AL T b ST i3 5
W o DRI, SR IEEr T i SR T DL 25 42 i P R DR IR RO, BRARELAS, WD IR s Rem, JRIRTHE
TRE . TESZPRELIE Al AT AR S 5 FE G A L o, DASIEILEE w3 (I8 T ROR AT U (1 5 P AR

4.2. FRIREKBIRXILL S Hr

N T IRNIRTE A R R 55 Aol I 8] 2 PR v B 22 oL BB 5 I O REM - A SR BEE LR LAk
K HAREAT XL, BARSE R 6 fros: R ERE Dy A% EE A HALRA F1. BRERA
/N F2 MIZRE 5 & A A FT.

Table 6. Comparison table of results under different decision objectives

6. TREIREBIF TERIIEESR

D Fi F2 Fr
B 3762.60 3088.63 3317.18 3072.23
IF 58 A 1260 1260 1260 1260
B HEBUS A 90.64 96.91 85.79 91.24
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THFE A 927.91 992.08 878.33 934.03

A A 334.53 275.79 307.08 275.64

AR p A 533.22 383.30 435.29 385.34

b T A 616.29 80.55 350.68 125.99

kR 362.55 387.63 343.18 364.94

A B Y 525.63 606.07 527.44 564.48
TR 7 7 7 7
WA P I TR 22 28 24 28

M 6 A, (1)ADUE RIS HIEE B AL, A 22 AR % - ERUE I 8] A 58 UIR S5 72 AR T B
A Ak 5 AR RIE A o IR 3R W2 A RAS RIS B B 2 2 [P AE AR R VR AR OGS 2R — B B A I F AN A0 SR SRR
APEAG . FERLRI R R R IR B e, RSB R A G EM . ()2 F R A Lk B BR A, B
JBCRE S WABRRA . BRHEFBUSAS DL LIk PR Y i i, BCIE S BRAS B TCVEIR B AL . £ “ XU Hlomg 7 55t
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Table 7. Comparison table of maximum load results of different vehicles
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