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Abstract

Currently, a common issue in e-commerce warehouses is the insufficient level of intelligence in batch
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order processing. Most companies still rely on batch processing strategies based on fixed rules or sim-
ple experience, making it difficult to adapt to dynamic fluctuations in orders and real-time changes in
logistics resources. Additionally, wave picking often optimizes only the internal efficiency of transfer
and distribution warehouses, neglecting vehicle route constraints for downstream delivery to outlets.
This leads to system coordination failure: route planning passively accepts fixed order groupings and
cannot improve transportation efficiency through dynamic reorganization, directly resulting in re-
peated picking routes, low vehicle load rates, invalid transport, and frequent empty runs. Conse-
quently, this causes resource coordination failure, suboptimal costs, and delayed dynamic response,
severely limiting improvements in logistics efficiency and operational cost optimization. In response,
in the context of e-commerce warehousing, this study first analyzes the interaction between wave
picking optimization and vehicle routing planning, and proposes a collaborative decision-making
strategy that embeds distribution route costs into wave optimization. This strategy aims to simulta-
neously minimize cross-warehouse operation volume and wave distribution route costs, construct-
ing a hierarchical collaborative optimization model with the goal of minimizing the total cost of the
warehouse-distribution system, and employs the Gurobi solver to solve this model. Analysis of typi-
cal examples and comparison of results between the collaborative optimization model and the inde-
pendent segmented model show that the collaborative optimization model performs better in terms
of total cost and computation time across multiple calculations, proving the effectiveness of the pro-
posed model.
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Table 1. Optimization results by wave

=1 OERNMHERE
WIR BB R WEME 5 PR 5 e X GAP
10 [8, 15] [80, 150] 10 20 1.8%

Table 2. Results of solution indicators

2. RIBIERREGRE

FabrI Bl
AR 1210
ZIHREL 341
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& Gap 1.8%
AR 15
BNT 20
ST IR 365.3 km
SZFR VRP A 2366.2

Table 3. Summary of wave delivery plans
F 3 BEREERRLER

Wk wE TR IR PR (km) [EE RAGT) HRA L)
1 WHO2 9 WH02—10015—10028—10042—10053— 36.1 200 2361

10067—10012—10055—10038—10007—WH02

WH18—10022—10034—10041—10058—
2 WH18 9 10063—10009—10071—10019—10084—WH18 374 200 2314

WH07—10003—10017—10025—10036—
3 WHo7 9 10049—10061—10005—10070—10082—WHO07 38 200 2358

WH14—10026—10031—10044—10052—
4 WH14 9 10064—10008—10030—10093—10097—WH14 36.9 200 2369

WH03—10011—10023—10035—10047—
5 WHO3 9 10051—10006—10021—10033—10057—WHO03 36.2 200 236.2

WH19—10014—10029—10037—10048—
6 WHI9 8 10059—10002—10068—10076—WH19 3r.7 200 2317

WH08—10013—10045—10054—10065—
! WHo8 9 10050—10046—10085—10091—10088—WHO08 36.5 200 2365

WH13—-10004—10018—10027—10039—
8 WH13 8 10062—10001—10073—10079—-WH]13 371 200 2371

WH10—10020—10032—10043—10056—
9 WHI0 9 10067—10009—10022—10034—10041—-WH10 359 200 2359
WH05—10016—10028—10040—10051—

10 WHOS 10063—10007—10019—10031—10043—WHO05

©

36.6 200 236.6

TR R R SR s A TERE . BAILE 300 FP it 15 YOEAREIL S, Ak 10 ARt is
W, 2IH AT B IR G S B BRI M D) am 2 10 MNRIKAT B 57 ki P — 8L B F
Ja B R 46 50%, 156 FE K i e X U v B0 5373 T % 37.5%5 28.6%; S ATHEE B46%E 36%, GIE T
FLYRAETR FE 10 R 5 18 S 3508 (A RO 18 o
5.4. REIZFEL O Hf

AT 53 s oF S i 3 A AL 5 25 A2 AR R B [R) e A A R AT A S BRI R B AT 5 B, 7R R
A EIRE A B b, 2 s S F AR AN S AR AR N I SR 45 SR I AT R LA, B
PRV A SO R 2 75 HA AR, A TR S B 48 B &5 SR 43 ol 1R AT — Ik s ok B -k &b SRt Le iR, —
WAL E R LR 4, HIRIFEGT LS R ILEE 5, - ReE Rl shxf th g 31 L% 6:

Table 4. Summary of initial results comparison

4 —REBRMELER

it b4k ASZARAL P ZEAH AEKT ek
B E 12 10 -2 ~16.7%
5 G PESL 16 10 -6 —37.5%
500 P 1) 8 LR 16 10 -6 —37.5%
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5 2 X V) IR B 28 20 -8 -28.6%
PNZE A H 24 20 -4 -16.7%
ST R B 571 km 365.3 km -205.7 km —36.0%
VRP E A 2850 2365.3 484.7 -17%
% Gap 3.9% 1.8% -2.1% PR N
SR AR 1] 79s 300S +221's RIF vs I

Table 5. Summary of ten results

F 5 TREBRLER
FLegERE Bl B2 FE1-3 HE-4 HE-5 Bl-6 B-7 S-8 -9 H-10 10 FIIYE + std

AT ARAL,
BIREL 12 13 12 14 13 12 13 12 14 13 126+0.7
G 16 17 16 18 17 16 17 16 18 17 16.8+0.8
By 16 18 16 20 18 16 18 16 20 18 176+13
PEX U 28 30 28 32 30 28 30 28 32 30 29.6+1.6
BN 24 26 24 28 26 24 26 24 28 26 256+ 1.5

MATBFER(km) 571 601 571 643 609 571 609 571 643 609 601.8 +29.3
PRACERRI AT 2850 3002 2850 3215 3037 2850 3037 2850 3215 3037 2994.3+144.7

BrE A
G 10 10 10 10 10 10 10 10 10 10 10.0£0.0
EBavxs 10 10 10 10 10 10 10 10 10 10 10.0 £ 0.0
EXU#HRE 20 20 20 20 20 20 20 20 20 20 20.0+0.0
ER PN ] 20 20 20 20 20 20 20 20 20 20 20.0£0.0

EATHEE R (km) 365.3 368.1 3653 3715 3679 3653 3679 3653 3715 3679 367.6+25
ALK A  2365.3 2368.1 2365.3 2371.5 2367.9 2365.3 2367.9 2365.3 23715 2367.9 2368 + 4.4

Table 6. Summary of comparison of fluctuations in ten results
2 6. TREGFREIFITLC R

PSS Eizpan SRS + std W ERALISME + std S 18 S i
P EL 126+0.7 10.0+£0.0 —23.2%

18 G PR 16.8+0.8 10.0+£0.0 —40.5%
eIk € 17.6+13 10.0+0.0 -42.3%
eAPRIE /€4 29.6+16 20.0+0.0 -33.6%

BN 256+15 20.0+0.0 -21.9%
MATHEFEE (km) 601.8 +29.3 367.625 -38.9%
PRAZ NI A 29943 +144.7 2365.3 + 4.4 —17%
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REFBFXF LA, B R SRS T ISR 2 R R B B & 3. Rk =, o
[ OCA A BT kb 23.2%, TG ZEHCT- I FRAIR 40.5%, 5 DI BT 1 B 42.3%, 51X )k
HBCT- 1D 33.6%, BENZAHECT- 500/ 21.9%, ST BEER 5P I 4i KL 38.9%, ZEARERAC RIS AT
B 17%. [FIRF, BhROCA S IR AR bR 2 (I T AL A0, R BA S s s e A St A 2R
THT IR ARGV BARTERE, 2 SEL PR AT R s
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