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Abstract. In recent years, the rapid growth of rural express delivery volume, re-
sulting in a variety of problems, especially at this stage is the lack of delivery
service capacity of express terminal. Taking Fushun County of Liaoning Prov-
ince as an example, this paper analyzes the current situation and existing prob-
lems of rural logistics distribution, in order to promote the optimization and up-
grading of rural logistics distribution system, improve the level of logistics ser-
vice, and solve the problem of "terminal distribution" of rural logistics, the
cuckoo genetic hybrid algorithm is used to propose the optimization scheme of
distribution station location, so that farmers can enjoy convenient and efficient
express service as residents in Urban area.

Keywords: rural logistics; cuckoo genetic hybrid algorithm; location optimiza-
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1 Introduction

According to the latest data, on March 22, China Internet Network Information Center
(CNNIC) released the 53rd Statistical Report on Internet Development in China in Bei-
jing, showing that by December 2023, the number of Internet users in China had
reached 1.092 billion [, By March 2024, the number of Internet users in rural China
had reached 326 million, accounting for a large proportion of the total Internet users,
and the number of express delivery in rural areas had also increased sharply. However,
there are still many problems in the current rural logistics system, such as imperfect
distribution network, high logistics cost, difficult goods access, etc. These problems
seriously restrict the development of rural logistics.

2 Analysis on the Current Situation of Logistics Development in
Fushun County

After years of development, Fushun County has initially established a rural logistics
framework system and gradually improved its infrastructure. At present, the length of
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rural roads reaches 1084 kilometers, covering all administrative villages, forming a
three-level logistics network with county towns as the center and towns as nodes. The
passenger transport system covers 100%, with 180 daily operations. There are 371
postal and express outlets, including 150 village-level service stations, extending the
service scope to remote areas.

However, the logistics terminal still faces the following core problems: low effi-
ciency of rural logistics, high cost, insufficient service coverage, etc. It is urgent to
optimize the network layout through intelligent algorithms, break through the depend-
ence of traditional location mode on population density and short-term income, and
realize the construction of cost-controllable global service network.

3 Application of Cuckoo Genetic Hybrid Algorithm in
Distribution Station Location

In recent years, many scholars have conducted research on current distribution center
location problems, mainly including single-objective location problems and multi-ob-
jective location problems . Zhang Donghua and Su Gang used genetic algorithms to
study logistics center location optimization ). Pan Jie, Ma Cunrui and others designed
an adaptive genetic algorithm to make express distribution center location more effi-
cient™. Zhang Cong et al. studied the location problem of cold chain distribution center
by using improved lion swarm algorithm with logistics service response probability as
constraint condition *!. You,LYu,AYan proposed a good point set method and nonlin-
ear inertia weight reduction algorithm, improved sparrow search algorithm (SSA) to
solve the mathematical model of logistics distribution center location ). Lv Weibin, He
Lili et al. introduced particle swarm optimization algorithm to study the location prob-
lem of distribution center on the basis of traditional cuckoo algorithm 1. Malik and
Vidiasi proposed an accurate branch-and-cut algorithm to integrate distribution centers
into dual-channel networks to solve distribution center location optimization problems
81 However, the above methods have some problems such as convergence speed, slow
solution speed and poor global optimization ability.

3.1 Algorithm Principle and Fusion Mechanism

Cuckoo-GA hybrid optimization strategy is proposed in this paper, which integrates
cuckoo search algorithm (CS) and genetic algorithm (GA). The innovation is realized
through three aspects: firstly, Levy flight mechanism and genetic operator dynamic
synergy mechanism are established; Levy flight is used to generate diversified solution
sets in global optimization stage; genetic algorithm crossover is used in local optimiza-
tion stage (0.9) and variation (0.1) operation; secondly, an adaptive weighting mecha-
nism based on iteration times is designed, Levy step factor o is dynamically decreased
from 1.5 to 0.5, balancing global exploration and local development; finally, a double
penalty mechanism is constructed, combining uncovered village penalty term and ter-
rain coefficient correction to ensure full coverage priority under complex terrain. This
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strategy effectively solves the problems of premature convergence and insufficient ter-
rain adaptability of traditional hybrid algorithm.

3.2  Model Building and Parameter Setting

3.2.1 Model Building.

(1) Description of the problem.

The location of village-level distribution station needs to integrate geographical lo-
cation, monthly order volume, terrain coefficient, service radius and transportation cost,
etc., and select the optimal station from alternative sites by improving cuckoo algo-
rithm, so as to minimize cost, meet the express demand of each village and realize
global coverage.

(2) Basic model assumptions.

In order to simplify the problem, we make the following assumptions:

(O The demand weight is linearly normalized by the monthly order volume, and the
formula is:

w, = /
1000
/ Indicates the demand weight of the j th administrative village; M j Indicates

the monthly order volume of the j th administrative village.

This formula scales the data linearly by dividing the monthly order volume by a
fixed constant of 1000, making the demand weight proportional to the original order
volume.

(2) Terrain influence coefficient corrects transportation distance, effective distance
is:

eff _
d;’ =d;xt,
(3) Assuming that the construction cost of village distribution station can be ne-

C
glected in different locations, fixed at 7 =3000 yuan.

(#) If administrative village J is not covered by any distribution station(i.e. dis-
eff
tance from all distribution stations 7 ),The total cost increases by penalty

8
P=10 yuan, Ensure that the algorithm prioritizes the full coverage scheme.

Rl (min[ d7 > Rj

Jj=1 Xy
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P. Penalty amount not covered.

l ( ) " Characteristic function, when the condition is true, take 1, otherwise take 0.

R :Maximum service radius.

(3) Definition of symbols.

Let I and 7 denote different administrative villages, i= 1,2, ...... I J =

7indicates the distance between administrative village i and administrative vil-
lage j (unit: km)

Y topographic influence coefficient representing administrative village I to ad-
ministrative village j

x, €{0,1}

indicates whether to build a distribution station in administrative village

/" represents the construction cost of a single distribution station

v represents transportation cost per unit distance
R represents the maximum service radius of the distribution station

(4) Modelling.

totalcost=3"x.C, + 3| €, -min,_, (d)-w, -2 +Zn:{P-|I[mini d;/f>Rﬂ
i1

= 4 <R = Xy

This objective function aims to minimize the total logistics distribution cost, includ-
ing transportation cost and distribution station construction cost, as well as the uncov-
ered penalty term. The first term represents the distribution station construction cost,
the second term represents the transportation cost, and the third term represents the
uncovered amount.

3.2.2 Parameter Setting.
The key parameters are shown in Table 1 respectively:

Table 1. Key Parameters

parameter value explain

population size 100  Balancing computational efficiency and diversity
Determination based on convergence curve anal-

maximum number of iterations 200 .
ysis
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parameter value explain
Levy flight step factor a 1.0 Control global search scope
crossover probability p, 0.9 Promotion of high-quality gene combinations
mutation probability p, 0.1 Maintenance of population diversity
service radius R 10km Based on rural road capacity

4 Empirical Analysis and Evaluation of Optimization Effect

4.1 Data Preparation and Experimental Design

Taking Shiwen Town of Fushun County as an example, the number of administrative
villages in Shiwen Town is 15, and the potential village-level distribution stations ini-
tially screened out are 15. Therefore, 15 administrative villages can be selected as vil-
lage-level distribution stations. They are: Lizi Village, Dashi Village, Wafang Village,
Suzi Village, Yingshou Village, Sanjiazi Village, Guanshan Village, Liandao Village,
Yangshu Village, Maogong Village, Jingjia Village, Bajiazi Village, Dabao Village,
Gelao Village and Shiwen Village are numbered from 1 to 15 respectively.

The following data(Table 2-4) was obtained through on-site research by the author:

Table 2. Basic Data of Administrative Village

administrative vil- population Monthly order vol- demand weighting
lages ume
1 2500 1800 1.8
2 1800 950 0.95
3 2100 1200 1.2
4 1600 800 0.8
5 2200 1500 1.5
6 1900 1300 1.3
7 1700 700 0.7
8 2000 1100 1.1
9 2300 1600 1.6
10 1650 750 0.75
11 2400 1700 1.7
12 1550 600 0.6
13 1950 1400 1.4
14 2350 1850 1.85
15 2050 950 0.95

Table 3. Distance from potential village-level distribution station to other administrative vil-
lages (unit: km)
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1] o o113 14 16 12 14 21 13 16 19 2 21 21 88
2| 11 0 68 76 98 54 78 77 63 9 1319 14 14 27
30 13 68 0 14 36 42 66 14 51 46 64 13 77 82 43
4| 14 76 14 0 22 53 39 1 63 32 5 12 63 68 54
50 16 98 36 22 0 72 49 12 85 49 68 95 41 46 716
6| 12 54 42 53 72 0 28 96 41 68 10 17 12 12 32
70 14 78 66 39 49 28 0 78 72 68 87 14 9 95 57
8 | 21 77 14 1 12 96 78 0 13 16 16 22 16 17 13
9| 13 63 51 63 85 41 72 I3 0 31 56 19 13 14 4
10| 16 9 46 32 49 68 68 16 3.1 0 27 14 9 95 69
1| 19 13 64 5 68 10 87 16 56 27 0 15 11 110
120 26 19 13 12 95 17 14 2 19 14 15 0 54 85 17
13| 21 14 77 63 41 12 9 16 13 9 1 54 0 32 12
14| 21 14 82 68 46 12 95 17 14 95 11 85 32 0 12
15/ 88 27 43 54 76 32 57 13 4 69 10 17 12 12 0
Table 4. Topographic Influence Coefficient
1 2 3 4 5 6 7 8 9 1o 1112 13 14 15
1 10 12 L1 10 13 10 12 15 L1 10 14 15 12 13 10
2 12 10 10 LI L1 10 10 12 10 L1 13 14 L1 12 10
3 1 10 10 10 10 10 LI 13 10 10 12 13 10 LI 10
4 10 L1 10 10 10 L1 10 LI 10 10 LI 12 10 10 10
5 13 L1 10 10 10 12 LI 14 12 L1 13 10 10 10 12
6 10 10 10 L1 12 10 10 LI 10 12 14 15 13 14 10
7 12 10 11 10 LI 10 10 10 L1 10 12 13 L1 12 10
8 15 12 13 L1 14 L1 10 10 13 14 15 15 14 15 13
9 1 10 10 10 12 10 L1 13 10 10 L1 14 12 13 10
0|10 11 10 10 LI 12 10 14 10 10 10 13 LI 12 1l
1|14 13 12 L1 13 14 12 15 LI 10 10 14 13 14 12
2 |15 14 13 12 10 15 13 15 14 13 14 10 10 L1 15
13 |12 11 10 10 10 13 L1 14 12 L1 13 10 10 10 12
14 |13 12 11 10 10 14 12 15 13 12 14 L1 10 10 13
15 | 10 10 10 10 12 10 10 13 10 11 12 15 12 13 10

Terrain coefficient definition:

1.0: Flat road (asphalt/concrete road)

1.1~1.3: Mild complex terrain (gravel road, gentle slope)
1.4~1.5: Complex terrain (dirt road, steep slope or mountain road)

4.2

4.2.1 Algorithm Solution.

Algorithm Solution and Result Analysis
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Based on the optimization model of cuckoo-genetic hybrid algorithm, this study
takes 15 administrative villages in Shiwen Town, Fushun County as the research object,
combines the distance matrix data, and realizes the algorithm solution through Python
programming. The iterative process of the algorithm is shown (Figure 1).

Optimal cost convergence curve of objective function
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Fig. 1. Objective function convergence curve (ICS)

The total cost of the first five generations decreases rapidly from the initial solution

of 1.2x10° yuan to 90,734 yuan, and converges gradually to the stable value of

90,734 yuan through local fine-tuning, which verifies the effectiveness of global search
and local development of the algorithm.

4.2.2 Result Analysis.

After optimization calculation, the final site selection scheme is to establish distri-
bution stations in Lizi Village, Yingshou Village and Sanjiazi Village, with a total cost
0f 90,734 yuan. The selected distribution stations are distributed in triangle (Figure 2).

® villages

# stand

-20 -10 0 10 20

Fig. 2. Selection and Distribution of Logistics Distribution Center
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4.3  Benefit Evaluation of Optimization Scheme

Compared with before optimization, the original network only covers 5 administrative
villages, and the uncovered areas need to be picked up by villagers themselves.(40
minutes on average), while the optimization achieves full coverage, saving villagers
about 18,250 hours of time cost per year (Calculated based on an average of 30 pieces
per day and 40 minutes per way). In addition, the total cost (90,734 yuan) is signifi-
cantly lower than the average annual loss (50,000 yuan) of a single village-level outlet.
Compared with the traditional p-median model,(cost 128,500 yuan) decreased by
29.4%, the number of villages covered increased from 5 to 15 (coverage rate 100%).
Unit transportation cost decreased from 3.2 yuan/km to 2.1 yuan/km, a decrease of
34.4%. The effectiveness of hybrid algorithm in cost control and coverage optimization
was verified.

5 Conclusion

In this paper, Shiwen town of Fushun county is taken as the research object, aiming at
the problems of insufficient coverage and high cost of rural logistics terminal distribu-
tion service, a distribution station location optimization method based on cuckoo and
genetic hybrid algorithm is proposed.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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