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Abstract

Local life on-demand service platforms are prone to supply-demand imbalances due to the spatio-
temporal fluctuations in order demand and the heterogeneity of depot supply capacities. Addition-
ally, as the proportion of multi-person collaborative orders increases, the fulfillment process exhib-
its characteristics of skill complementarity and temporal coupling. If simultaneous arrival and sim-
ultaneous start of multiple personnel cannot be achieved within the appointment time window, it
will lead to experience losses such as waiting, rework, and complaints. To address the challenge of
balancing cross-depot capacity sharing governance and collaborative order synchronization con-
straints within a single framework, this paper introduces a controlled cross-depot capacity sharing
mechanism within a multi-depot network, and constructs a unified dispatching and routing sched-
uling model applicable to both standard and collaborative orders. Accordingly, this paper proposes
a bi-objective optimization framework focused on minimizing service experience loss and minimiz-
ing fulfillment costs and system stability loss. The experience objective characterizes service qual-
ity from three dimensions: synchronization start deviation, lateness cost items, and additional cost
items for severe asynchrony or significant delays. The cost and stability objective, based on travel,
service, and overtime costs, introduces a labor-hour difference cost item to reflect load balancing
and workforce stability. Additionally, an extra cost item is set for orders triggering cross-depot col-
laboration to reflect coordination costs and governance risks. The NSGA-II algorithm is employed
for solving this problem, and a fair comparison is made with MOEA/D and SPEA2 under a unified
encoding/decoding and objective evaluation framework. Experimental results based on an ex-
tended Solomon VRPTW multi-depot collaborative fulfillment instance system and various collab-
oration intensity settings show that as the proportion of collaborative orders increases, the feasible
region significantly compresses, and the solving difficulty increases. NSGA-II demonstrates better
frontier coverage and convergence in most instances and key metrics (such as HV, IGD, GD), with
statistical tests confirming the significance of these differences. The research results provide im-
portant decision-making support for platform governance parameter configuration and cross-de-
pot collaborative scheduling strategies under the trade-off between cost and experience.
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Table 2. Test results of the three algorithms on representative C-, R-, and RC-class instances

F2. ZMEIRTE CE. R, RC LXABFHIRMIALER

- . - NSGA-II MOEA/D SPEA?2
il Ml SEANFE :
HAE R P A WA FR bR (mean # std) (mean + std) (mean # std)
HV 0.9622 (0.0722) 0.8142 (0.0667) 0.8103 (0.0607)
IGD 0.1092 (0.0379) 0.1891 (0.0377) 0.2043 (0.0393)
3-C101-60-SyncO
GD 0.0814 (0.0375) 0.1674 (0.0437) 0.1819 (0.0577)
SP 0.0161 (0.0050) 0.0148 (0.0054) 0.0308 (0.0095)
HV 0.9720 (0.0338) 0.8615 (0.0858) 0.8274 (0.0821)
) IGD 0.1020 (0.0274) 0.1529 (0.0575) 0.1811 (0.0487)
C% 3-C101-60-Sync20
GD 0.0977 (0.0332) 0.1293 (0.0604) 0.1527 (0.0530)
SP 0.0153 (0.0048) 0.0134 (0.0035) 0.0242 (0.0067)
HV 0.8978 (0.0594) 0.7840 (0.0837) 0.7652 (0.0705)
IGD 0.1906 (0.0398) 0.2486 (0.0576) 0.2676 (0.0422)
3-C101-60-Sync40
GD 0.1499 (0.0510) 0.1689 (0.0695) 0.1761 (0.0628)
SP 0.0138 (0.0045) 0.0124 (0.0041) 0.0247 (0.0103)
HV 1.0209 (0.0481) 0.8799 (0.0913) 0.8986 (0.0652)
IGD 0.0792 (0.0314) 0.1617 (0.0598) 0.1561 (0.0380)
3-R101-60-SyncO
GD 0.0716 (0.0353) 0.1360 (0.0577) 0.1124 (0.0497)
SP 0.0159 (0.0056) 0.0143 (0.0038) 0.0254 (0.0057)
% HV 0.8969 (0.0456) 0.7126 (0.0932) 0.7090 (0.0769)
R>
IGD 0.0820 (0.0219) 0.1875 (0.0593) 0.1868 (0.0475)
3-R101-60-Sync20
GD 0.0709 (0.0287) 0.1558 (0.0671) 0.1555 (0.0507)
SP 0.0164 (0.0037) 0.0158 (0.0055) 0.0288 (0.0072)
HV 0.8874 (0.0727) 0.7403 (0.0764) 0.7212 (0.0806)
3-R101-60-Sync40
IGD 0.1238 (0.0385) 0.2017 (0.0486) 0.2204 (0.0496)
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GD 0.1068 (0.0461) 0.1706 (0.0484) 0.1991 (0.0556)
SP 0.0144 (0.0029) 0.0130 (0.0035) 0.0306 (0.0143)
HV 1.0098 (0.0644) 0.8616 (0.0695) 0.8693 (0.0635)
IGD 0.1143 (0.0453) 0.2085 (0.0553) 0.1996 (0.0388)

3-RC101-60-Synco
GD 0.1109 (0.0435) 0.1911 (0.0460) 0.1660 (0.0486)
SP 0.0162 (0.0043) 0.0144 (0.0038) 0.0223 (0.0063)
HV 0.8860 (0.0562) 0.7294 (0.0767) 0.7390 (0.0800)
IGD 0.0923 (0.0323) 0.1762 (0.0498) 0.1795 (0.0528)

RC % 3-RC101-60-Sync20
GD 0.0791 (0.0324) 0.1471 (0.0537) 0.1593 (0.0599)
SP 0.0163 (0.0045) 0.0143 (0.0043) 0.0313 (0.0089)
HV 0.9393 (0.0702) 0.8221 (0.0672) 0.7527 (0.0890)
IGD 0.1130 (0.0422) 0.1667 (0.0447) 0.2184 (0.0646)

3-RC101-60-Sync40
GD 0.1077 (0.0421) 0.1347 (0.0474) 0.2014 (0.0628)
SP 0.0155 (0.0043) 0.0162 (0.0056) 0.0250 (0.0076)
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Figure 1. Comparison of the Pareto fronts obtained by each algorithm on C-class, R-class, and RC-class instances
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Table 3. Friedman test results of multi-objective performance indicators for each algorithm on representative instances

3. AREHTREXS BRI REIEITAY Friedman #IR4ER

Sl

HV

IGD

GD

SP

p-value (Significant)

3-C101-60-Sync0
3-C101-60-Sync20
3-C101-60-Sync40
3-R101-60-Sync0
3-R101-60-Sync20
3-R101-60-Sync40
3-RC101-60-Sync0
3-RC101-60-Sync20
3-RC101-60-Sync40

1.94046E-05 (Y)
7.13856E-06 (Y)
5.03046E-06 (Y)
1.7558E-05 (Y)
3.05902E-07 (Y)
1.43753E-05 (Y)
1.94046E-05 (Y)
3.37202E-06 (Y)
3.37202E-06 (Y)

1.94046E-05 (Y)
0.001294022 (Y)
6.44256E-05 (Y)
1.18E-06 (Y)
3.05902E-07 (Y)
4.32975E-06 (Y)
0.000193545 (Y)
1.94046E-05 (Y)
8.74162E-07 (Y)

1.3041E-06 (Y)
0.003887457 (Y)
0.637628152 (N)
0.0002139 (Y)
4.31857E-05 (Y)
4.31857E-05 (Y)
0.000389752 (Y)
0.000193545 (Y)
7.86896E-05 (V)

1.06495E-05 (Y)
1.7558E-05 (Y)
0.000409735 (Y)
1.06495E-05 (Y)
2.37622E-06 (Y)
5.03046E-06 (Y)
0.005799405 (Y)
4.32975E-06 (Y)
0.003697864 ()

Table 4. Wilcoxon paired signed-rank test results of algorithm performance differences on representative instances
4. BREHITE AN EEZE R Wilcoxon BLxt S #1025 R

AT

a1

HV

IGD

GD

p-value (Significant)

SP

NSGA-II
A
SPEA2

3-C101-60-SyncO
3-C101-60-Sync20
3-C101-60-Sync40
3-R101-60-Sync0
3-R101-60-Sync20
3-R101-60-Sync40
3-RC101-60-SyncO
3-RC101-60-Sync20
3-RC101-60-Sync40

2.67029E-05 (V)
5.72205E-06 (Y)
5.72205E-06 (Y)
1.90735E-06 (Y)
1.90735E-06 (Y)
3.8147E-06 (V)
3.62396E-05 (Y)
1.90735E-05 (Y)
3.8147E-06 (V)

2.67029E-05 (Y)
9.53674E-06 (Y)
3.8147E-06 (Y)
1.90735E-06 (Y)
1.90735E-06 (V)
1.90735E-06 (V)
8.2016E-05 (Y)
3.8147E-06 (Y)
3.8147E-06 (Y)

9.53674E-06 (Y)
0.001432419 (Y)
0.001016617 (Y)
0.000167847 (Y)
1.90735E-06 (V)
5.72205E-06 (Y)
0.00365448 (Y)
6.29425E-05 (Y)
6.29425E-05 (Y)

1.90735E-05 (Y)
0.000585556 (V)
9.53674E-06 (V)
4.76837E-05 (Y)
1.33514E-05 (Y)
3.8147E-06 (Y)
0.000167847 (Y)
3.8147E-06 (Y)
0.001209259 (Y)

NSGA-II
VS
MOEA/D

3-C101-60-Sync0
3-C101-60-Sync20
3-C101-60-Sync40
3-R101-60-Sync0
3-R101-60-Sync20
3-R101-60-Sync40
3-RC101-60-Sync0
3-RC101-60-Sync20
3-RC101-60-Sync40

1.90735E-06 (Y)
6.29425E-05 (V)
0.000167847 (Y)
2.67029E-05 (V)
1.90735E-06 (Y)
9.53674E-06 (V)
3.8147E-06 (Y)
1.90735E-05 (Y)
1.33514E-05 (Y)

1.90735E-06 (Y)
0.00365448 (Y)
0.001209259 (Y)
1.90735E-05 (Y)
1.90735E-06 ()
2.67029E-05 (Y)
8.2016E-05 (V)
6.29425E-05 (Y)
8.2016E-05 (V)

1.90735E-06 (Y)
0.05316925 (N)
0.000707626 (Y)
0.000261307 (Y)
0.000850677 (Y)
0.000104904 (Y)
0.000209808 (V)
0.026641846 (Y)

0.388376236 (N)
0.388376236 (N)
0.202449799 (N)
0.368276596 (N)
0.621513367 (N)
0.388376236 (N)
0.132726669 (N)
0.348810196 (N)
0.84082222 (N)
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