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Abstract: Collaborative distribution among multiple logistics enterprises can effectively reduce distribution cost and
promote low-carbon development in the logistics and transportation industry. However, with the diversity of customer
demand and preferences, the varying contribution degree of different customers to enterprise distribution efficiency
complicates the cost allocation relationship among collaborative distribution enterprises. To this end, this paper discusses the
cost allocation problem of collaborative distribution considering customer value differences with uncertain demand. A
robust optimization method is used to capture the uncertainty of customer demand, and a quantification model of
collaborative distribution cost is established. Furthermore, a customer value evaluation model is developed, while an
improved Shapley value method considering customer value differences is proposed, along with a cost allocation adjustment
strategy of collaborative distribution. Numerical experiments show that the effectiveness and fairness of cost allocation in
collaborative distribution are improved by the proposed Shapley value method. The results not only enrich the existing cost
allocation theory from the perspective of serving customers, but also provide a fair and effective cost allocation method for
collaborative enterprises.
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Table 2 Customer evaluation indicators and quantitative methods
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Table 3 Basic information of 30 customers
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Table S Results comparison of algorithm

. T,,Ty)/ go/ Hi/ Hs/ Hs/

e (T, . 2) b 1 H ook 5—1
min min {4 km T (K-a)

1 [6,25] 13 36 4.00 0.70 250 0.18 72

2 [2,15] 5 10 943 0.70 6.00 0.29 218

3 [26,59] 20 35 15.03 098 830 0.14 158
4 [40,60] 18 7 539 0.70 420 0.11 15
5 [15,30] 10 13 10.77 090 390 0.13 126
6 [11,27] 8 15 1217 0.60 5.10 0.24 180
7 [50,75] 15 10 632 070 620 0.13 96
8 [50,81] 20 23 6.08 098 440 035 219
9 [14,44] 11 22 1476 090 2.60 0.23 223
10 [15,35] 8 13 8.06 0.75 1.80 0.16 200
11 [19,39] 9 19 985 0.65 740 0.20 119
12 [33,60] 25 39 17.03 090 880 0.30 285
13 [19,53] 16 22 500 0.70 2.60 0.14 109
14 [35,58] 15 26 1020 0.80 280 0.17 61
15 [7,32] 21 30 200 090 1.60 030 226
16 [51,63] 5 13 721 0.75 3.00 0.13 42
17 [33,42] 5 18 2524 090 870 0.12 158
18 [46,55] 4 14 1562 0.70 6.70 0.32 196
19 [22,44] 15 21 10.00 0.65 180 0.14 71
20 [29,58] 13 39 412 080 920 0.14 119
21 [9,26] 9 20 13.00 0.70 430 0.15 105
22 [22,80] 25 50 6.08 0.60 3.10 0.23 230
23 [26,43] 5 11 13.00 0.90 7.50 0.34 186
24 [4,22] 6 9 10.00 0.65 830 0.16 147
25 [41,66] 19 55 1860 0.65 3.70 0.18 103
26 [11,50] 25 39 894 090 190 0.12 38
27 [33,61] 8§ 22 1020 098 480 0.14 131
28 [44,90] 28 66 583 090 290 0.13 99
29 [49,86] 3 13 13.60 0.70 1.70 0.19 43
30 [71,89] 13 33 510 085 5.60 0.16 111
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Table 4 The optimal weights of the indicators

etz BUERE RO HERE B w
T2 B 9/km 0.148 1 02186 0.2003
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[GECES 0 0.2829 0.0590 0.1172
HPOTHRIR (K2 01331 0.1267 0.128 4

ek i 3 B 35t £ B 9% (improved adaptive genetic
algorithm,I-AGA) 3 MEIERITHES R, HEWES
iz EITE) 2y Bl 5 fk 6 Fis.

Sk CPLEX GA I-AGA aA I-AGA

2 & iz &
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10 4799.0 4803.0 4801.0 4.0 2.0
15 62711 6285.5 6279.2 8.4 2.1
20 81277 81436 81328 15.9 5.1
25 96725 9 690.4 9679.7 17.9 72
30 114714 11490.1 114779 18.7 6.5
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Table 6 Comparison of algorithm operation time

FUAE CPLEX GA I-AGA
5 0002”20 0001”11 000196
10 0013”36 00'08"74 0010”18
15 00'45"01 0020”62 0026"31
20 02'22"99 0101”33 01'10"27
25 05'36"51 02'42"97 0320”69
30 10'19"87 03'34"40 04'01"53
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WRAEE 3 FIR 4 5R, FRAHE T RGN
AR RUR R P R Bk &5 SR ank 7 foR . H3R 7 1]
A, 3 FAFPHELE 30 MRS EAHN 18 669 Jt;
P R 28 I R BRAS BRI 2 11 471 76, AR5 201
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Table 7 Results of the collaborative distribution optimization

[ 5E A, BiEA TR RS A

EGA

Tt Tt T T

G 1.60 11.64 5.43 18.67

Py A AL i% 1.60 4.45 5.42 11.47
JRASFTLINRE % 61.75 38.55
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Table 8 Comprehensive evaluation values of 30 customers

gl Wy W» w gl Wy W» w
1 —0.18 0.04 —0.15 16 —0.09 0.07 —0.01
2 -0.09 -0.09 -0.17 17 0.33 0.02 0.35
3 0.33 0.01 0.34 18 —0.02 —0.09 —0.11
4 —0.15 0.10 —0.05 19 —0.20 0.06 —0.14
5 0.13 0.03 0.17 20 0.03 0.03 0.06
6 -0.19  -0.04 -0.24 21 —0.08 0.03 —-0.04
7 =0.11 0.05 —-0.06 22 -0.27 —-0.06 -0.34
8 0.19 —0.12 0.08 23 020 -0.10 0.11
9 0.15 —0.06 0.09 24 —0.11 0.01 —0.10
10 —0.10 —0.02 —0.11 25 —0.10 0.02 —0.08
11 -0.12 0.00 -0.12 26 0.09 0.08 0.17
12 026 —0.12 0.13 27 0.23 0.03 0.26
13 -0.17 0.04 -0.13 28 0.08 0.05 0.12
14 =0.01 0.05 0.04 29 =0.11 0.04 -0.07
15 0.02 —0.10 -0.07 30 0.05 0.03 0.08
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Table 9 Results comparison of cost savings between the two cost
allocation methods
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