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Abstract

Against the backdrop of the vigorous development of the e-commerce economy, the demand for mul-
timodal transport cold chain logistics has seen explosive growth. However, it also faces problems such
as carbon emissions restricting sustainable development and numerous uncertainties during the
transportation process. How to achieve the optimal planning of transportation routes and effective
cost control while dealing with uncertain demands, time Windows, flight schedules and other factors
has become the focus of attention in the e-commerce cold chain logistics industry. This paper focuses
on the problem of cold chain multimodal transport route optimization in the e-commerce scenario.
By comprehensively considering uncertain demand, time Windows, and flight schedules, an optimi-
zation model is constructed with the goal of minimizing transportation costs. Triangular fuzzy num-
bers are adopted to describe the common uncertain demands in e-commerce orders, and the im-
proved genetic algorithm is used to solve the model. The research results show that the improved
algorithm can reduce costs by 6.93% and 5.65% respectively compared with the two traditional ge-
netic algorithms. Through comprehensive analysis, it can be known that the transportation cost in-
creases with the increase of the confidence level a of uncertain demand. Reasonable setting of the re-
ceiving time window helps optimize the path and reduce costs. An increase in the interval between
flights will lead to a rise in the total transportation cost, and the mode of transportation tends to be
more inclined towards railway transportation as time goes by. The increase in carbon tax prices will
lead to arise in total costs, and the choice of transportation methods will also tend to be railway trans-
portation. This study provides certain reference value for the path optimization and cost control of
cold chain multimodal transport in the e-commerce economy.
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Figure 1. Node transportation diagram
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Figure 2. Colored graph encoding graph
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Figure 5. Comparison chart of algorithm iteration curves

5. BIRIAK LRI EEE

Table 2. Comparison

table of algorithm results

2. BURERIEEE

Hk A% SeL T JYSN S A /R
SCHR[1 1)k B - g - AR - BRI - Bk -8k -8k 151,172.382 35.300
BGLRCRFR R - T - T - - T B-B-E-K 142,636.778 39.300
Table 3. Cost composition table
& 3. AR
=75 B kg TR TE i THEIR
SCHR[11]5E3% 109,794.000  1985.340 2166.416 3915.000 25,448.504 7863.121
ot Sk 100,850.400 910.020 2411.902 8484.000 30,230.113 2207.495
SCHR[ 1015 108,365.52 910.020 0 0 0 0

B3 3 A4S, BSOESE S 0HR[ 1 BB E AR L, SSAR D T 5.65%, X0 i Tk AL T
Wb K, D T — o332 BRAS B HETRUAS 5 2502t 53925 SCHR (1014 EE, 2 seAR b T 6.93%.,
I B RSN pA AN VEA DR IE WA SC G (R S0k BAT — € (A Rk

5.2. RPESH

52.1. BEEKESH
NTH—D oW BEEKT o SEEEEENmm, SR EEKT o FBUE, N0 R 1 2K 0.1 #H47T
RIBEATHT, SLIREHE W% 4.
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Table 4. Transportation schemes under different a conditions

F 4. TEa TERAREK

a e f B SSAS(TT)
0 B I — T AR IR — BRER BRI BRI — Kz 92,252.81
0.1 BB — T A - BRI — KIE R BE— R BR— R 89,266.72
0.2 5 — T AR M BRI — ) TKIE— 8 B — B B — Bk B 93,421.03
0.3 B I — T AR IR KiZ —Bk I — BRIk — Bk i 97,575.33
0.4 B B — TR KB A BRI BRI 109,401.41
0.5 B - T AR IR — ) KiE— 2 B — BRI — Bk 113,865.58
0.6 BB — T A - BRI — IKIE— A B —BRBR— R R 118,329.76
0.7 B — T - BRI YN BN B R SN 127,996.81
0.8 B I — T AR IR Kiz -2 BBk —Bk i 127,540.76
0.9 B — T E T3 BRI BRI BRI — Kz 142,636.78
1 B T T TR — ) PR PR BRI —/Kig 147,472.12

BIEAKT a=0 B PEERTER, a=05 R AREHERRESR, o=1 W RESIER TR 5.
Wi 4 A4S, IR BEE 2 b B IS KT o BRI K. 25T a > 0.8 IR AENUE, X2 H
TichiE g fEBE/KFH 0.8 I1F(0.9)7F Zizki 2> 174 t KW REW /2 /5K, SLIHE I 7 7 J—Aa M|
A Bz f PR A 170, PHULR 2R IS A2 DO R i oK, [RIEE, sty Ul T rh IR IR iz
AR AR . 5 RIS AR BEE B KT a BRI, BN IR R b o s e A iz e s 52X
s R, R A i 2 B — 2k EL2k

5.2.2. WERRTEIE 24T

AN [ AL B B 1) i AR [ AR B i) i XTI B 2 M B A B 0 7 2, R LG AR SR WA B (1] 7 o i DA
BN S, 30 ) 80 4L 11 L. TEMLIEAN b 3 Fhis B T (] K, S5 ) B[] e R
5%, 7.5%, 10%; AHIAIE AT ATEE R 10%. 15%, 20%, Rit 33 fiEs, 20 A E A & 5T )
RARRAS, WA S:

Table 5. Transportation routes in different time windows

5. TRINEEMNZMEER

BHFE A BT Peat i h e g% 77 = SITRI(h)  BRACT)  EITRARCT)
5~10 30 15.17 Hohi—oER - ook 315 11.47 0.39
510 45 12.8 MoToH-oWo KoB-o8-otk 445 8.27 0.83
5~10 60 11.92 - LR -] KoK-o8k—8k 56.5 5.93 1.35
5~10 80 11.51 MHoToE-Il-)7 Kork—K-K 79.5 4.03 1.15
7.5~15 30 15.17 B EH-R—T SR8k 31.5 11.47 0.39
7.5~15 45 12.8 MoToHER-T Kook 44.5 8.27 0.83
7.5~15 60 11.92 o EotEo—T  KoK-oBi-otk 56.5 5.93 1.35
7.5~15 80 11.43 F— E-E—ill— K—oK-K-K 79.5 4.04 1.08
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15~20 30 15.17 Hob—HoR—T SR8k 315 11.47 0.39
1520 45 12.8 MoToE-R- Koghi-o8h—8k 44.5 8.27 0.83
15~20 60 11.92 Mo EotE-—T  KoK-oBi-otk 56.5 5.93 1.35
15~20 80 11.43 M- E—Eill— K—K-K-K 79.5 4.04 1.08

GUREIR, BEAE I AVE PR AN, SIS R IZETR D BAh, A RN IR R v B IS R A
i BRI SAB AT . fE 5%~10% N R & T, B M- -%-, 185
NR— A8, BRRAN 15.17 0. FEAE N E SRR, i@migamr m s E 2, miE—-7—
HWR—], 185 AOK-B-8-8k, BAN 12.8 576, SRS, IR G35 E XS R R MK
AP A E I, SR RCE N WA BT s msAe, BRI A,

5.2.3. BEHARTIE) 34T

AN B HE ) (8] AT BE XIS R A re A, AR HAD S BN E I, A OB 85 7K 5 I BE
B IE]TI B 205 1 /NS 2 /B 4 /NiE, 36 9 RCANEI S 0, DA FCAEAS [R) BE TR TR ZEL 4 71 1) I A2k 332 15
BILFE 6:

Table 6. Transportation plans under different intervals of schedules

6. NEPIHAER T EMA R

PEIAZ & PRy B ST TP B A
BR1K1 HoT o H-H—T BBk —8k—K 142,636.78
1k 2 HoT o H-H - Bk —8k—K 142,636.78
k1K 4 HoToH-H— PPtk 142,946.48
B2k MoToH-H— Bk —8k—K 149,123.26
k27K 2 MoToER-T PPk 149,346.84
k2K 4 MoToER-T BBk -8k 149,346.84
B4k 1 Hob—EFR— PPk 154,456.78
k4K 2 b EFR— PPk 154,456.78
k4K 4 o —H - PPtk 154,456.78

B 6 AI45, 5 PSR BRI (] AR g, SIS s IZ TG N Mk Is kR 1 /e, K
H (EI BRI RN 2 4 /NFif gy Ay R Bk s f, BRI AK B2 Ha (R FR A 2 /N is
Tr A e Rk BRIz, XA i T B HEIAI (R E h0, AR SIS TR ARG I, 34a 75 A H 5 2 (K TR
FRANUEAH A, Beiz B2 b, BRI —iatr . R, BEE BRI 5 hn, sy Az
gt o R A A

5.2.4. BBNEIH

BE 2023 FERERAE 5N KL 0.05 70/ 5, ERERE B AT 2 i T smE, mmk
LM TR AbE S RIEEFANZE B4 . HREEITERAL 5 T A AR, 5 5 7= R
HERCR 5. Nk, D HTRES SRR 0.05 KN 0.05 INE S 0.5 1X 11 FE R T RBAIT LR,
WK 7.
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Table 7. Path selection of different carbon tax prices

7. FRIRBN SR B RIEEER

BB A SR (D) BRHEU A (0) EHisA %7750
0.05 142,636.78 2207.5 MoToHER-T Bk —Hk—K
0.1 144,844.27 4414.99 MoToER—T B8k
0.15 147,051.77 6622.48 MoToER-T PPk —K
0.2 149,120.59 7945.05 Mo T EoR—T PPtk
0.25 151,106.85 9931.31 HoToHER-T BBk -8k
0.3 153,093.11 11,917.57 MoToER-T PPk
0.35 155,079.37 13,903.84 Mo T EoR— PPtk
0.4 157,065.64 15,890.1 HoToE-R—- O
0.45 159,051.89 17,852.24 Mo T EoR—T PPtk
0.5 161,038.16 19,862.62 Mo T EoR— PPtk

HIE 7 WL A B T B 0 A% (RO 3G i S0, Mg Loy — R A, BRSNS 0.2 )5
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