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Based on the multi-level structure attributes of regional logistics, regional logistics integration presents complex features. erefore, 
according to the operational requirements of regional logistics integration, we built a regional logistics network structure model 
consisting of infrastructure, information resources, and organizational networks; selected the level of relationship between di�erent 
layers and information dissemination, and transport �ow as decision variables. We built a supernetwork mathematical model of 
regional logistics integration with multiple layers of attributes. Considering the constraints of marginal cost changes and overall 
revenue, we found an equilibrium solution for the operation of regional logistics integration supernetwork. at is, the optimal 
match between the level of relationship, the level of information dissemination and the transportation �ow, provides a reference 
basis for the formulation of relevant policies and implementation strategies.

1. Introduction

Coordination, cooperation and frequent trade exchanges 
among di�erent regions re�ect the importance of cooperation 
among regions. Interregional logistics links and collaboration 
directly a�ect the cost and e�ciency of interregional trade 
�ows. erefore, the planning and construction of logistics 
network system formed by interregional logistics interconnec-
tion and cooperation has become an important issue of recent 
concern. For the planning and construction of regional logis-
tics network system, we need to deal with many practical prob-
lems, such as logistics facilities and node layout, logistics 
transportation cost optimization, logistics service e�ciency 
and service quality. ese have further a�ected the rapid, 
healthy and coordinated development of the regional economy. 
erefore, the logistics system of each node in the regional 
logistics network system should be standardized and coordi-
nated, which is not only an important basis to ensure the e�ec-
tive connection of logistics between di�erent regions, but also 
an important prerequisite to determine the e�ciency and ser-
vice quality of the whole region and parts of the logistics.

e research and practice of regional logistics integration 
are broadly divided into two �elds: planning design and struc-
tural optimization. e former is mainly from the perspective 

of regional economic development, which puts forward the 
planning and designing direction and policy of regional logis-
tics integration; the latter is from the development of regional 
logistics itself, studies the key factors, evolution mechanism 
and ability evaluation that a�ect regional logistics develop-
ment. Among them, the research on the structure design and 
optimization of regional logistics network is gradually becom-
ing one of the hot topics in theory and practice. In this �eld, 
there are three main directions: (1) Research on the construc-
tion of regional logistics network and its in�uencing factors. 
For example, based on the perspective of optimal cost and 
value risk, domestic and foreign scholars put forward the 
design method of spoke structure network, as well as the deliv-
ery routes and scheduling of hub nodes [1–4]; or take a certain 
area as an actual case to study the positioning of logistics center 
in logistics transportation network [5–7]; or study the impact 
of system and policy on the construction of logistics network 
in coastal cities under similar conditions of natural environ-
ment and other characteristics [8–10]. (2) Research on the 
construction and optimization of regional logistics network. 
e existing achievements are based on the theories and meth-
ods of complex network, social network, and dynamic evolu-
tion, combined with speci�c research objects, put forward the 
structure model and optimization countermeasures of regional 
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logistics network [11–15]. Speci�cally, design and construct 
of the structural model of regional logistics integration can 
e�ectively provide a basis for the theory and practice in the 
�eld of regional logistics. erefore, on the basis of de�ning 
the structure relationship of regional logistics integration, this 
paper gives the graphical model and mathematical model of 
regional logistics integration structure by applying the theory 
and method of supernetwork. rough model solving and 
simulation, we put forward the optimization and management 
strategy of supernetwork equilibrium model of regional logis-
tics integration, which can provide technical support for opti-
mizing regional logistics structure and guiding regional 
logistics integration operation in practice.

2. Analysis on the Properties of Regional 
Logistics Integration Supernetwork with 
Hierarchical Structure

As regional logistics integration involves all kinds of logistics 
activities inside and outside the region, as well as various 
resources supporting logistics activities, it is essentially an 
organic system composed of infrastructure, information 
resources and organizational networks. erefore, regional 
logistics integration has the characteristics of supernetwork, 
and can build its supernetwork structure model, as shown in 
Figure 1 and Figure 2.

Based on Figure 1 and Figure 2, regional logistics integra-
tion has supernetwork characteristics such as multiagent, mul-
tilevel, multiattribute, multicriteria etc., as shown in Table 1.

3. Supernetwork Equilibrium Model and 
Solution Analysis of Regional Logistics 
Integration

3.1. Basic Hypothesis. Suppose there are � individuals in 
the logistics system supernetwork �. One of them exists in 
three sub-systems of regional logistics integration and has 
corresponding relationship. In the sub-system of regional 
logistics, it is called node. �, � are the two nodes in the sub-
system. According to the analysis of the relationship between 
the connotation of logistics system and its structure, the 
mathematical models are as follows.

(1)  ℎ�� is the level of relationship between nodes �, � in 
the organization operation network, which indicates 
the degree of close connection, mutual trust, and 
communication. e value of ℎ�� ranges from 0 to 
1, and the cost of establishing a relationship level ℎ��
is ��� = ���(ℎ��), earnings are ���, and ��� = ���(ℎ��), 
establishing a relationship level ℎ�� has certain risks ���, and ��� = ���(ℎ��).

(2)  In logistics information and standardization net-
work, ��� represents information dissemination 
among nodes. ��� is a comprehensive index of the 
amount of information dissemination, the conveni-
ence of communication channels and the degree of 

standardization, its value range is between 0 and 1, 
establishing a corresponding level of ��� requires a 
cost of ���, and ��� = ���(���, ℎ��), for establishing each 
information transmission ���, the earning is ���, and ��� = ���(���), that is the earning function of ���.

(3)  In the logistics facilities and layout network, ��� repre-
sent the transport �ow between nodes. Transportation 
�ow is a comprehensive re�ection of the transport 
distance, the degree of transport convenience and the 
number of transshipments between the two nodes. 
e larger the transport �ow, the lower the unit cost 
of transport between nodes, the more convenient the 
transport is, and the value range of transport �ow ��� is 
between 0 and 1. For establishing a transport �ow con-
nection ��� required cost � ��, and � �� = � ��(���, ���),  
for establishing a transport �ow can obtained the cor-
responding bene�t ���, and ��� = ���(���).

In this paper, ℎ��, ���, and ��� are the decision variables of the 
model, which correspond to the three edges of the supernet-
work model of regional logistics integration structure. ey 
are comprehensive indicators, which need to be quanti�ed 
here. Based on the relevant research, this paper constructs 
three quantitative indicators, as shown in Table 2.

All the above functions’ constructions are based on the 
previous research on the composition of logistics system and 
its interaction. For example, the cost of freight transport �ow 
is a�ected by the size of transport �ow ���, and considering the 
impact of information on logistics transport, this paper con-
siders that the cost of transport �ow is a function of transport 
�ow ��� and information �ow ���. Similarly, the sharing and 
transmission of logistics information will be a�ected by the 
level of inter-organizational relations, so the cost of logistics 
information is a function of information dissemination ��� and 
organizational relationship level ℎ��. At the same time, the 
establishment of network �ow will bring certain bene�ts, 
which will form the bene�t function of di�erent network sys-
tems. In order to facilitate the study, this paper assumes that 
the above functions are continuous.

Super
networkLogistics organization

operation network

Relational level
Information dissemination
Transport �ow

Logistics information and 
standardized network

Logistics facilities and 
layout network

Figure 1:  Supernetwork structure model of regional logistics 
integration.
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e goal of an individual in supernetwork is to maximize the 
value of the relationship level, maximize the information bene�t, 
maximize the transportation bene�t, minimize the risk and min-
imize the cost, which are formulas (1)–(5) respectively.

(1)
max

�∑
�=1
��� = max

�∑
�=1
���(ℎ��),

(2)max

�∑
�=1
��� = max

�∑
�=1
���(���),

(3)max
�∑
�=1
��� = max

�∑
�=1
���(���),

(4)min
�∑
�=1
��� = min

�∑
�=1
���(ℎ��),

(5)min( �∑
�=1
���(ℎ��) + �∑

�=1
���(���, ℎ��) + �∑

�=1
� ��(���, ���)).

Let the weights of the above �ve objectives are �1, �2, �3, �4, �5, and �1 + �2 + �3 + �4 + �5 = 1. erefore, the objective 
function of the individual is shown in model (6).

From the analysis of variational inequalities and super-
network theory, we can see that the optimal solution satis-
fying the above formulation and the following variational 
inequalities are valid at the same time, it is shown in 
 formula (7).

(6)

max �1 �∑
�=1
���(ℎ��) + �2 �∑

�=1
���(���) + �3 �∑

�=1
���(���) − �4 �∑

�=1
���(ℎ��);

− �5( �∑
�=1
���(ℎ��) + �∑

�=1
���(���, ℎ��)+ �∑

�=1
 ��(���, ���)),

�
{{{{{
0 ≤ ℎ�� ≤ 1,0 ≤ ��� ≤ 1; �, � = 1, 2 . . . � . . . �.0 ≤ ��� ≤ 1

Logistics facilities
 and layout network 

Logistics information 
and standardized network 

Logistics organization 
operation network 

Figure 2: e three-dimensional hierarchical relationship of regional logistics integration network.

Table 1: Supernetwork characteristics of regional logistics integration.

No. Characteristic name Speci�c instructions

1 Multi-agent e main bodies involved in regional logistics integration include government departments, logistics 
enterprises, trade associations and users.

2 Multi-level Logistics facilities and layout network are the bottom layer, logistics information and standards are the 
middle layer, logistics organization and strategy are the top layer.

3 Multi-attribute Multi-agent has di�erent goals and attributes, and the relationships among agents are also diverse.
4 Multi-criteria Di�erent subjects have di�erent goals and needs, which determine di�erent requirements.
5 Congestion Due to the limited resources, lead to logistics and information �ow will be restricted.
6 Coordination Feedback and collaboration among di�erent levels and subjects.

Table 2: Evaluation index of decision variables.

Meaning Level 1 index Level 2 index Level 3 index

Level of relationship 
between i and j ℎ��

Level of organizational management
Collaboration and mutual trust mechanism

Level of partner
Logistics information 
dissemination between i  
and j

���
Information infrastructure equipment

Information exchange and sharing mechanism
Information dissemination

Transportation �ows 
between i and j ���

Logistics infrastructure and equipment  
technology level

Tra�c distance and transportation accessibility Distance of di�erent modes of transport
Transportation time and cost
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marginal bene�t of the relationship level ℎ�� in the organiza-
tional operation network. 

Only when the total marginal cost of the relationship level 
multiplies the corresponding weight equal to the marginal 
income of the relationship level multiplied by the correspond-
ing weight, the relationship horizontal �ow ℎ��∗ in the organ-
izational operation network is balanced, and the individual is 
more willing to maintain this stable relationship level, this 
relationship level is conducive to the operation of the logistics 
system, and can play the best role of the logistics system.

Part 2 of the variational inequality shows that, when the 
total marginal cost of information dissemination in the infor-
mation and standardized network, which is formula (16) mul-
tiplied by the corresponding weight equal to the marginal 
bene�t formula (17), that is formula (18) is established, the 
information �ow in the logistics system supernetwork reaches 
equilibrium. is state is conducive to the interactive dissem-
ination of information. e dissemination of information 
among the main bodies in the regional logistics integration is 
the most e�cient and brings the best marginal bene�ts. At this 
time, information and standardization can provide the most 
necessary guarantee for the operation of the logistics system.

(11)

�∑
�=1

�∑
�=1

����(ℎ��∗)�ℎ�� +
�∑
�=1

�∑
�=1

����(���∗, ℎ��∗)�ℎ��
+ �∑
�=1

�∑
�=1

����(ℎ��∗)�ℎ�� ,

(12)
�∑
�=1

�∑
�=1

����(ℎ��∗)�ℎ�� ,

(13)
�∑
�=1

�∑
�=1

����(���∗, ℎ��∗)�ℎ�� ,

(14)
�∑
�=1

�∑
�=1

����(ℎ��∗)�ℎ�� ,

(15)
�∑
�=1

�∑
�=1

����(ℎ��∗)�ℎ�� .

(16)
�∑
�=1

�∑
�=1

����(���∗, ℎ��∗)���� + �∑
�=1

�∑
�=1

�� ��(���∗, ���∗)���� ,

(17)
�∑
�=1

�∑
�=1

����(���∗)���� ,

For the convenience of studying hypotheses, as shown in 
formula (8)–(10).

e above variational inequalities can be expressed in the 
standard form: ⟨�(�∗), � − �∗⟩ ≥ 0,  among, �(�∗) = (�1(�∗),�2(�∗), �3(�∗)), � = (ℎ��, ���, ���), �∗ = (ℎ��∗, ���∗, ���∗).

rough the above, the concept and model of logistics 
architecture supernetwork are transformed into a mathemat-
ical model of variational inequality, which is convenient for 
analysis and solution.

3.2. Model Analysis and Solution. ere are many methods 
for solving variational inequalities, including continuous 
algorithm, (quasi-)Newton algorithm, general iteration 
model, projection algorithm, projection contraction 
algorithm and so on. is article does not make a speci�c 
introduction, the interested readers can refer to the relevant 
literature. is section focuses on the economic signi�cance 
of variational inequalities, while in the follow-up simulation 
model, the model is mainly solved from a mathematical point 
of view.

From the perspective of economics, the �rst le² part of 
the variational inequality (7) can be viewed as the marginal 
total cost of the relationship level in the operation of regional 
logistics system, as shown in formula (11). And the reason is 
that these are functions of ℎ�� in relation to each other. 
Accordingly, formula (12) represents the marginal cost of the 
relationship level ℎ�� in the organizational operation network, 
formula (13) represents the marginal cost of the relationship 
level ℎ�� in the information network, formula (14) represents 
the marginal risk cost of the relationship level ℎ�� in the organ-
izational operation network, and formula (15) represents the 

(7)

[�5( �∑
�=1

�∑
�=1

����(ℎ��∗)
�ℎ��
+ �∑
�=1

�∑
�=1

����(���∗ ,ℎ��∗)
�ℎ��
) + �4 �∑

�=1

�∑
�=1

����(ℎ��∗)
�ℎ��
− �1 �∑
�=1

�∑
�=1

����(ℎ��∗)
�ℎ��
]

(ℎ�� − ℎ��∗) + [�5( �∑
�=1

�∑
�=1

����(���∗ ,ℎ��∗)
����
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�=1

�∑
�=1

�� ��(���∗ ,���∗)
����
) − �3 �∑

�=1

�∑
�=1

����(���∗)
����
]

(��� − �∗��) + (�5 �∑
�=1

�∑
�=1

�� ��(�∗�� ,���∗)
����
− �3 �∑
�=1

�∑
�=1

����(���∗)
����
)(��� − ���∗) ≥ 0.

(8)

�1(�∗) = �5( �∑
�=1

�∑
�=1

����(ℎ��∗)�ℎ�� +
�∑
�=1

�∑
�=1

����(���∗, ℎ��∗)�ℎ�� )
+ �4 �∑
�=1

�∑
�=1

���(ℎ��∗)�ℎ�� − �1
�∑
�=1

�∑
�=1

����(ℎ��∗)�ℎ�� .

(9)

�2(�∗) = �5( �∑
�=1

�∑
�=1

����(���∗, ℎ��∗)���� + �∑
�=1

�∑
�=1

�� ��(���∗, ���∗)���� )
− �3 �∑
�=1

�∑
�=1

����(���∗)���� ,

(10)

�3(�∗) = �5 �∑
�=1

�∑
�=1

�� ��(�∗��, ���∗)���� − �3 �∑
�=1

�∑
�=1

����(���∗)���� .
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4. Simulation and Analysis of Supernetwork 
Equilibrium Model for Regional Logistics 
Integration

4.1. Problem Description and Parameter Setting. Assuming that 
there are three individuals in the process of regional logistics 
integration, and that the logistics integration is complete with 
logistics infrastructure and layout network, information and 
standardization network and organizational relationship level 
network, the logistics architecture meets the above analysis 
characteristics. According to the previous analysis, there are 9 
nodes in the whole system network. In this chapter, the cost 
function, pro�t function and risk function of an individual in the 
logistics system about the relationship level ℎ��, information �ow 
transmission ���, transportation �ow ���, etc., are given. en, the 
supernetwork mathematical model of logistics architecture is 
established and relevant parameters and functions are brought 
into the model. Finally, the genetic algorithm is used to solve 
the model, and the maximum value of the objective function in 
the logistics system and the corresponding parameter levels at 
this time include relationship level ℎ��, information �ow trans-
mission ���, transportation �ow ���, etc.

In order to simulate the proposed model, the following 
assumptions are made:

Hypothesis 1: ere are three individuals in the hypernetwork 
system. ese three individuals exist in the logistics infrastruc-
ture network, information and standardization network, and 
organization management network, and have a one-to-one 
correspondence in the three-tier network.

Hypothesis 2: In the relational network, the relational level is 
either positive or zero, and the negative relational level is not 
considered here. e value of transport �ow and information 
�ow is also between 0 and 1, that is 0 ≤ ℎ�� ≤ 1, 0 ≤ ��� ≤ 1, 0 ≤ ��� ≤ 1.
Hypothesis 3: e individual’s income, cost, and risk in the 
model can be described by the function of corresponding 
parameters. In practice, the functions of cost and bene�t 
between individual i and di�erent individuals in the system 
are di�erent, that is, the relationship level ℎ��, information �ow 
transmission ���, and transportation �ow ��� have di�erent 
e�ects on individual �, that is to say, they have di�erent func-
tional relationships. In order to facilitate simulation, this paper 
assumes that the cost-bene�t risk function of individual � is 
the same as that of other individuals in the same layer network. 
at is ��1 = ��2 = ... = ���, � = (�, �, �, �, �, �, �).

In subsystem networks, an individual can be regarded as 
a node. ℎ11, ℎ12, ℎ13 of an individual 1 represent the relationship 
level between the node and other nodes in a group operation 
network, respectively. e bene�t of establishing the relation-
ship level is �1� = 3 ∗ sin ((�/2)ℎ1�) cost is �1� = √ℎ1�, risk is 
�1� = �ℎ1�. In Logistics Information and Standardization 
Network, �11, �12, �13 represent information �ow between nodes 
1 and information and nodes in standardized networks, bene�t 
is �1� = 2 ∗ sin (3�/2 + ��1�), cost is  �1� = 2�1�/(0.1 + ℎ1�) + 1.5�1�.  
In the logistics facilities and layout network ���, �11, �12, and �13 represent the transport �ow between nodes 1 and in the 

Similarly, when the marginal cost formula (19) multiplied 
by the corresponding weight is equal to the marginal bene�t 
formula (20) multiplied by the corresponding weight, that is, 
when formula (21) is established, the transport �ow reaches 
equilibrium, otherwise maintaining the transport �ow is non-
pro�t, which requires a certain cost.

With the help of variational inequality theory, through the 
analysis of the model, we can �nd out the integration of 
regional logistics and give some guidance to economic man-
agement from the theoretical point of view. e optimal value 
of all kinds of investment in logistics system needs to be deter-
mined from the perspective of marginal revenue and marginal 
cost (risk), rather than simply considering the total cost (risk) 
or total revenue. Even though the income will increase with 
the increase of input, the income per unit cost may not be the 
optimal value at this time.

In each regional logistics integration, the cost, risk, and 
bene�t functions of each individual are di�erent with the dif-
ferent architecture. When the optimal solution of an individ-
ual is ℎ��∗����∗i;���∗, and the optimal state of the supernetwork 
can be expressed by the optimal solution of all individuals, the 
equilibrium solution of the supernetwork can be described by 
a consistent �ow, that is the matrix of order � × 3�, as shown 
in equation (22).

When the above equilibrium solution is satis�ed, it can be seen 
that all individuals �(� = 1, 2, ..., �) obtain the maximum ben-
e�t. For the logistics system as a whole, the overall interests 
under the current state are the greatest.

(18)

�5( �∑
�=1

�∑
�=1

����(���∗, ℎ��∗)���� + �∑
�=1

�∑
�=1

�� ��(���∗, ���∗)���� )
= �3 �∑
�=1

�∑
�=1

����(���∗)���� .

(19)
�∑
�=1

�∑
�=1

�� ��(�∗��, ���∗)���� ,

(20)
�∑
�=1

�∑
�=1

����(���∗)���� ,

(21)�5 �∑
�=1

�∑
�=1

�� ��(�∗��, ���∗)���� = �3 �∑
�=1

�∑
�=1

����(���∗)���� .

(22)

[[[[[
[

ℎ∗11�∗11�∗11 ℎ∗12�∗12�∗12 ℎ∗13�∗13�∗13 . . . ℎ∗1��∗1��∗1�ℎ∗11�∗21�∗21 ℎ∗12�∗22�∗22 ℎ∗13�∗23�∗23 . . . ℎ∗1��∗2��∗2�ℎ∗11�∗31�∗31 ℎ∗12�∗32�∗32 ℎ∗13�∗33�∗33 . . . ℎ∗1��∗3��∗3�
. . . . . . . . . . . . . . .ℎ∗11�∗�1�∗�1 ℎ∗11�∗�2�∗�2 ℎ∗11�∗�3�∗�3 . . . ℎ∗1��∗���∗��

]]]]]
]
or

[[
[
ℎ11ℎ12 . . . ℎ1� �11�12 . . . �1� �11�12 . . . �1�ℎ21ℎ22ℎ2� �21�22 . . . �2� �21�22 . . . �2�. . . . . . . . .ℎ�1ℎ�2 . . . ℎ�� ��1��2 . . . ��� ��1��2 . . . ���

]]
]
.
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the role of “invisible hand” and avoid the di�culty of upgrading 
the level of relations among the main bodies in regional logistics 
due to the restrictions of external environmental conditions. 
Industry associations and related service organizations should 
e�ectively strengthen the communication and exchange between 
the government and logistics enterprises, timely discover con-
�icts between parties, provide relevant services to promote the 
improvement of the level of the main body relationship in the 
system, and avoid each logistics body acting independently and 
self-centered. Logistics enterprises need to examine themselves, 
actively interact with other enterprises, governments and indus-
try departments, and disseminate knowledge system, improve 
direct or indirect links with other subjects, and build a level of 
mutual trust and harmony.

(2) When ��� ̸= ���∗, it shows that the insu�ciency of 
information and standardization in regional logistics inte-
gration restricts the development of logistics system or that 
the input of information and standardization is too high, 
and the bene�ts are not enough to compensate for the cost, 
and the system is not optimal. To improve the information 
level of logistics system, enterprises should pay attention to 
the use of information technology, including e�ective data 
collection, processing, excavation, value-added and so on. 
More importantly, it is important to make rational use of 
information resources, establish a timely information shar-
ing mechanism among all links and departments, pay atten-
tion to the improvement of e�ciency and service level 
brought about by the improvement of information network, 
actively build information network and seek integration into 
the industry or, government agencies can play their own 
advantages, guide the establishment of regional information 
sharing processing platform for regional objects. Flow pro-
vides technical support. As a public sharing platform, its 
construction process should introduce market resources, 
carry out market-oriented operation, maximize its resource 
bene�ts, and improve the level of logistics information sys-
tem. In this process, the government can coordinate and tie 

logistics facilities and layout network, bene�t is �1� = 2.5�1�, 
cost is �1� = 2√�1�.

Individual goals are also the �ve goals of the previous anal-
ysis, as shown in Formula (1)–(5). According to the di�erent 
requirements of the system on the level of relationship value, 
information bene�t, transportation bene�t, risk and cost, dif-
ferent weight values can be set to more conform to the actual 
system. is section of simulation, because the function does 
not correspond to the meaning of the actual system, in order 
to facilitate the model does not consider the weight settings. 
In the practical application of the model, the weight can be set 
�exibly according to the actual requirements of integration.

4.2. Model Simulation Process. According to the previous 
hypothesis and model study, the mathematical model of the 
integrated structure is constructed as shown in formula (23).

e GA genetic algorithm tool in the optimization toolbox of 
MATLAB is used to simulate and solve the problem. e 
objective function is used as the adaptive function and the M 
�le is compiled according to the objective function.

4.3. Analysis of Simulation Results. A²er 119 iterations, the 
optimal value of objective function is 8.658. From the average 
�tness-optimal �tness of Figures 3 and 4, it can be seen that the 
model converges quickly, the algorithm has strong technical 
operability and high e�ciency. e results of model simulation 
show that the best level of relationship level should be 1, the 
best level of information �ow dissemination should be 1, and 
the overall income of individual 1 should be kept at about 1. 
e optimal return of individual 1 in the system is 8.658.

A²er obtaining the speci�c numerical results from the 
model simulation, we can compare the actual value of regional 
logistics integration with the previous analysis, which can 
provide some decision-making guidance for system operation 
and management.

(1) When ℎ�� ̸= ℎ��∗,  it indicates that the construction of 
relationship level in regional logistics integration is inadequate, 
and it is necessary to strengthen the construction of relationship 
level among the main bodies in the organizational operation 
system. e government and public institutions should play a 
guiding and regulating role. By formulating relevant policies and 
providing a good interactive environment, they can really play 

(23)

max 3 3∑
�=1
(3 ∗ sin(�2 ℎ��) − √ℎ�� − �ℎ�� + 2 ∗ sin(3�2 + ����)
− 2���0.1 + ℎ�� − 1.5

��� + 2.5��� − 2√���)
��.{{{
0 ≤ ℎ�� ≤ 1,0 ≤ ��� ≤ 1,0 ≤ ��� ≤ 1.

(24)

function � = fits (�);
� = 3 ∗ (power(�(1), 2) − power(�(1), 12)
−�(1) + 3 ∗ �(2) − �(2)�(1) + 0.2) + exp (�(3) − �(2) ∗ �(3));
� = −�; population selection using random uniform distribution.
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Figure 3: Generation and best-mean �tness value.
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5. Conclusion

e integrated operation of regional logistics has become the 
future and development direction of regional logistics system 
construction. At this stage, the research on regional logistics 
integration has not been deeply studied, especially the prin-
ciples followed at all levels of regional logistics in its opera-
tion process, and the targeted strategies adopted show 
complexity. Compared with previous studies, hypernetwork 
method is used to construct a comprehensive logistics struc-
ture system model, and the regional logistics system struc-
ture mathematical model is further given. At the same time, 
the weight system is introduced to make it more �exible, 
more in line with the actual situation, and more practical 
guidance. It e�ectively solves the problem that previous stud-
ies cannot provide a general mathematical model that can 
be quantitatively solved and guide the construction and oper-
ation of the system, so it is di�cult to meet the actual situa-
tion of modern logistics system. Meanwhile, the regional 
logistics system structure model constructed in this paper 
can be solved and analyzed from two aspects of economy, 

more lines on the premise of respecting the law of market 
operation. On the other hand, in the formulation of logistics 
standardization, government agencies need to play a leading 
role. In the light of market reality and enterprise needs, they 
should guide and guide industrial enterprises to formulate 
a standard system that is conducive to the operation of the 
system, encourage those industries and enterprises that 
meet the standards, and guide and correct nonstandards. 
rough the e�orts of all parties, we can reduce the loss 
caused by insu�cient or asymmetric information transmis-
sion, and take the information network as the fulcrum to 
reduce the logistics cost and improve the logistics service 
level.

(3) When ��� ̸= ���∗, it means that the network system of 
facilities and layout in regional logistics integration deviates 
from the requirement of equilibrium. At this time, we need 
to focus on the construction of logistics infrastructure, opti-
mize the network layout, including the location of nodes and 
the lines between them, transport mode selection, etc., to 
reduce the additional costs caused by unreasonable 
network.

Figure 4: Model simulation results.
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 [5]  D. Zhang, Q. Zhan, Y. Chen, and S. Li, “Joint optimization of 
logistics infrastructure investments and subsidies in a regional 
logistics network with CO2 emission reduction targets,” 
Transportation Research Part D: Transport and Environment, 
vol. 60, pp. 174–190, 2018.

 [6]  C. Chen, X. Hu, J. Gan, and R. Qiu, “Regional low-carbon 
timber logistics network design and management using multi-
objective optimization,” Journal of Forest Research, vol. 22,  
no. 6, pp. 354–362, 2017.

 [7]  M. Abbasi and F. Nilsson, “Developing environmentally 
sustainable logistics: exploring themes and challenges from a 
logistics service providers’ perspective,” Transportation Research 
Part D: Transport and Environment, vol. 46, pp. 273–283, 2016.
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optimization model for green regional logistics network 
design with uncertainty in future logistics demand,” Advances 
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 [9]  S. Wiśniewski, “Significance of trans-European transport 
networks for logistics centre localization as exemplified by the 
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no. 1, pp. 23–44, 2015.

[10]  B. S. Wu and S.J. II, “Study on integrated forecasting technology 
in logistics demand under supply side reform” Journal of 
Shenyang University of Technology (Social Science Edition), vol. 
10, no. 3, pp. 226–229, 2017.

[11]  E. H. S. Abascal and C. A. Bilbao, “Production networks, and 
digital logistics as a tool for regional development: the wood 
processing industry in the city of Buri São Paulo,” Redes,  
vol. 15, no. 3, pp. 39–47, 2010.

[12]  D. Zhang, S. Li, and J. Qin, “An optimal hierarchical decision 
model for a regional logistics network with environmental 
impact consideration,” �e Scientific World Journal, vol. 2014, 
Article ID 542548, 15 pages, 2014.

[13]  Z. Hu, Y. Zhang, and L. Yao, “Radial basis function neural 
network with particle swarm optimization algorithms for 
regional logistics demand prediction,” Discrete Dynamics in 
Nature and Society, vol. 2014, Article ID 414058, 13 pages, 
2014.

[14]  Y. Liao, R. Hu, and C. Chen, “Informationization, pronduction 
network externalities and regional logistics,” in AASRI Winter 
International Conference on Engineering and Technology 
(AASRI-WIET 2013), Atlantic Press, 2013.

[15]  N. D. Brunetti, L. De Gennaro, G. Dellegrottaglie, D. Amoruso, 
G. Antonelli, and M. Di Biase, “A regional prehospital 
electrocardiogram network with a single telecardiology “Hub” 
for public emergency medical service: technical requirements, 
logistics, manpower, and preliminary results,” Telemedicine and 
e-Health, vol. 17, no. 9, pp. 727–733, 2011.

[16]  J. Xu, D. Han and D. Liu, “Research on planning of logistics 
system of equipment manufacturing industry in Liaoning 
Province,” Journal of Shenyang University of Technology (Social 
Science Edition), vol. 4, no. 3, pp. 201–205, 2011.

[17]  Q. Zhang and L. Wei, “Research progress of reverse logistics 
network design,” Management Science in China, vol. 24, no. 9, 
pp. 165–176, 2016.

[18]  T. Li and Z. Wang, “Simulating plant growth algorithms for 
optimizing the layout of underground logistics network in large 
cities,” System Engineering �eory and Practice, vol. 33, no. 4, 
pp. 971–980, 2013.

[19]  J. Xu and G. Q. Wu, “Research on layout optimization of 
manufacturing logistics system in new situation,” Journal of 

management, and mathematical quantification, providing 
strong scientific support for specific policy recommendations 
and other decisions.

Supernetwork equilibrium theory can solve the related 
problems in the process of regional logistics integration to 
a certain extent. This paper chooses the level of interlayer 
relations, the level of information dissemination and the 
transport flow as decision variables. Under the constraints 
of marginal cost change and overall revenue, it solves the 
equilibrium solution of the supernetwork structure opera-
tion of regional logistics integration, which makes the pro-
cess of regional logistics integration possible. The optimal 
matching and combination of the three decision variables 
of China-China relationship level, information dissemina-
tion level and transport flow can provide reference for the 
relevant departments and enterprises of regional logistics 
integration.
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