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Reasonable logistics distribution network structure can not only effectively reduce the cost of logistics enterprises themselves but
also reduce the social cost. *rough effective supply chain management, enterprises can significantly reduce costs, improve
competitiveness, and enhance their ability to resist risks. Because the single-level distribution network structure of production
enterprises is not suitable for large-scale logistics distribution, this paper proposes a distribution network structure design that
accords with economies of scale and establishes an enterprise supply chain optimization model based on the fuzzy clustering
algorithm. Using this optimization method to optimize the inventory of enterprise logistics supply chain, the operation is fast, the
result is correct and reasonable, and it can provide good decision support for the distribution network of logistics enterprises.
*rough information technology andmodern management technology, we should effectively control and coordinate the logistics,
information flow, and capital flow in the production and operation process and organically integrate the internal supply chain
with the external supply chain for management, so as to achieve the goal of global optimization.

1. Introduction

In the traditional distribution system, due to the small demand
and types of goods, retailers can reduce the distribution fre-
quency of suppliers by relying on more inventory and longer
order cycle so as to reduce the distribution and transportation
cost [1]. However, in order to reduce capital overhang and
provide diversified goods, retailers must reduce the inventory
of various goods, and at the same time, providing the best
service quality in the modern distribution system must be
considered. In order to reduce the backlog of funds and provide
diversified commodities, retailers are bound to reduce the
inventory of various commodities, and at the same time, they
must consider providing the best service quality [2]. With the
intensification of market competition, customers have higher
and higher requirements for the quality of electronic goods,
and the demand for return has gradually increased. Manu-
facturers have gradually relaxed the conditions for return,
resulting in an increasing number of returned products. Many
companies feel that they are unable to handle the returned
products completely [3]. In order to develop in competition,

logistics enterprises must form their own scale benefits and
competitive advantages, which must take logistics scale and
reducing the cost of distribution goods as the main means [4].
*erefore, it is necessary to study the problems of network
layout, delivery mode, and transportation route, so as to op-
timize its distribution network structure [5]. With the con-
tinuous change of trade environment, the competitive situation
faced by enterprises is becoming more and more complex.*e
higher and higher requirements for product production quality
and the shorter requirements for product production cycle
have changed the competition among enterprises. *ey no
longer pursue the competitiveness of products alone but also
pay more attention to the operation efficiency of supply chain
[6].

Due to the increasing competitive pressure and the
globalization of economic activities, enterprises have to
concentrate limited resources on their core business, focus
on cost reduction and improvement of operation efficiency,
and focus on cultivating their core competitiveness and
outsource noncore parts [7]. *erefore, all logistics activities
in the value chain may be outsourced to third parties, thus
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forming a rapidly growing logistics service market and a
huge growth space for third-party logistics suppliers [8]. *e
response time of products to end users is the cumulative
effect of the whole process of the supply chain. It is of no
practical significance to simply emphasize the rapid response
of a certain link. *e problem of response time must be
studied from the whole production and logistics process.
Inventory control has always been an indispensable part of
modern enterprise production management and operation
management, and it is also one of the main activities of
supply chain management [9]. *e quality of inventory
control directly affects the realization of value-added of
supply chain and plays a vital role in the coordinated de-
velopment of supply chain. At present, most enterprises have
a distribution network with less hierarchical structure.
Products produced from factories are directly sent to their
end users after one or two deployment at the middle node of
the network [10]. Clustering is one of the important
branches of data mining. Fuzzy clustering analysis provides
fuzzy processing ability for real data based on fuzzy theory.
And it is based on the characteristics of objective things,
closeness, and similarity through the establishment of fuzzy
similarity relationship of the objective things clustering
analysis method. It has been widely used in many fields.
*erefore, according to the role and positioning of logistics
center and distribution center in the enterprise supply chain,
this paper proposes a distribution network structure design
in line with economies of scale and establishes an enterprise
supply chain optimization model based on the fuzzy clus-
tering algorithm, which is beneficial to strengthen the in-
formation exchange between node enterprises and shorten
the logistics time.

In the logistics system, inventory routing problem is a
supply chain management problem integrating two core
elements in the logistics process, namely, inventory control
and transportation routing problem [11]. In the previous
research of the logistics system, these two are often used as
separate submodules for independent decision-making.
However, from the current situation, some enterprises are
affected by the concept, system, and other factors in in-
ventory management, resulting in frequent inventory
management problems. Specifically, the supply chain in-
ventory management problems mainly include the following
aspects. First, nodal enterprises lack supply chain ideology.
*e nodal enterprises only consider the effectiveness of their
own inventory management, resulting in poor information
exchange and low information transmission efficiency of the
whole supply chain system. Second, the enterprises focus on
short-term benefits. In inventory management, the enter-
prises only consider short-term benefits and ignore the
impact of the upstream and downstream links of the supply
chain operation on enterprise development. *ird, the in-
ventory procurement system is not perfect. Because the
budget system is not standardized and the market survey is
not comprehensive, the enterprises lack perfect management
process in the procurement work, resulting in various de-
partments pay more attention to their own tasks, thus in-
creasing more than the actual demand of the budget and
affecting the effect of budget management. Finally, inventory

management is not scientific. With the increase in business
demand, manual inventory management is no longer suit-
able. However, the enterprises do not innovate inventory
management methods in time, which affects the accuracy of
inventory management data and is not conducive to en-
terprise management decisions.

*erefore, in order to solve the inventory management
problem in supply chain mode, the whole process response
time of supply chain is proposed. It involves many new
management problems, especially how to coordinate the
management of production, logistics, and information
among cooperative enterprises in the whole supply chain
[12]. *e reason why enterprises want to maintain an ap-
propriate amount of inventory is that inventory has four
functions: regional specialization, obtaining economies of
scale, balancing demand, and reducing uncertainty [13]. For
the supply chain, inventory decision-making not only has
great risk but also has a considerable influence on the profits
of enterprises. Only pursuing the logistics management
strategy with the lowest inventory cost or the lowest
transportation cost in the enterprise makes, it easier to
produce “back effect” in the process of logistics manage-
ment, which seriously affects the collaborative operation of
the whole logistics system [14]. A distribution center shall be
established near the gathering place of sales points. *e
products transported by trunk lines shall be transported to
the distribution center for unified management, and then
appropriate vehicles shall be arranged for distribution to
implement door-to-door transportation, which can greatly
improve the efficiency of logistics [15]. Using this method to
optimize the inventory of enterprise logistics supply chain,
the operation is fast and the results are correct and rea-
sonable and can provide good decision support for the
distribution network of logistics enterprises.

*e innovative contribution of this paper lies in the
analysis of supply chain inventory problem under stochastic
demand in view of the complexity of themultilevel inventory
system in supply chain. Based on the fuzzy clustering al-
gorithm, this paper establishes a multiobjective model of
supply chain inventory optimization from the perspective of
time and cost. *e article is divided into five parts. *e first
part expounds the background and significance of studying
supply chain inventory management. *e second part
summarizes the inventory management related literature
research. *e third part constructs the dynamic model of
supply chain distribution strategy based on cost optimiza-
tion and time optimization. *e fourth part establishes a
multilevel inventory optimization model based on the dis-
tribution network system. Finally, it is found that the
proposed method can effectively realize the inventory
minimization of the transit distribution system through the
empirical test.

2. Related Work

Supply chain management is to effectively plan, coordinate,
and control the logistics, information flow, and capital flow
among enterprises in the whole supply chain and send the
appropriate products to the appropriate place at the right
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time in the right quantity, so as to meet the needs of cus-
tomers. *e first problem to be solved in the study of supply
chain management is how to realize the collaborative
planning among enterprises at each node of the supply
chain. A collaborative supply chain multistage response time
plan must be able to achieve the goal optimization of the
supply chain and each node enterprise in the supply chain in
the allocation of time resources.

*erefore, some scholars believe that in order to reduce
the cost, it is necessary to do a good job of inventory
management from the perspective of supply chain. In-
ventory management under the supply chain environment
focuses on systematically solving inventory problems from
the overall perspective of the supply chain and improving
inventory management and operation to the strategic
height of the enterprise. Some literatures studied the or-
dering strategy considering out-of-stock cost. Literature
[16] established an economic batch order model for instant
supply and uniform supply based on the cost of stock-outs,
determined the best order cycle, stock-out time, and
economic order batch, and carried out the system sensi-
tivity of the model. Literature [17] and others analyzed the
cost of out of stock. By establishing an inventory cost
analysis model, the inventory cost difference before and
after the implementation of the joint inventory in the
supply chain was obtained, and the cost reduction was
regarded as the residual income. Literature [18] discussed
the theory of reuse and recycling. Literature [19] and so on
established a model with random defect rate and obtained
the expected profit expression by using the method of
updating the compensation process and determined the
optimal ordering strategy. Some literatures tried to opti-
mize supply chain cost by applying different models to
logistics location problem. Literature [11] applied the
classic queuing model to the location problem and added
the cost of inventory to the model. Literature [20] estab-
lished a model that includes both forward logistics and
reverse logistics to optimize various costs in the supply
chain. Literature [21] established the optimization model of
reverse logistics network, which includes the problem of
site selection and capability decision. In addition, some
scholars used different methods to study the problem of
proposing corresponding distribution schemes according
to customer needs. Literature [22] studied that the cus-
tomer needs are known and adopts an uncertain heuristic
algorithm to find the distribution scheme for each stage and
each partition. Literature [23] established a model of
economic order quantity to solve IRP problem at specific
operation level. Literature [24] studied the IRP problem
with changing demands and established an IRP model of
mixed integer programming through real-time demands.

3. Dynamic Model of Supply Chain
Distribution Strategy

With the development of information technology, electronic
information technology has become the main way of in-
formation sharing among enterprises in logistics supply
chain nodes. *e range of information is very wide,

including basic information such as product quality infor-
mation and price, as well as production capacity of product
suppliers, manufacturing capacity of processors, sales in-
formation of sellers, and forecast information of market
demand. Enterprises will intentionally hide their own in-
formation such as cost, output, and purchase price in order
to maintain information superiority [25]. Excessive infor-
mation sharing may reveal business secrets of enterprises,
which may cause huge losses to enterprises. Although in-
formation sharing can solve many problems in the operation
of the supply chain, improve the overall performance of the
supply chain, and achieve a win-win situation for upstream
and downstream enterprises, this concept of information
sharing has encountered many obstacles. It takes a certain
amount of manpower, time, and money to collect, transmit,
and process information, and it takes a lot of investment to
build a network platform. In addition, to realize information
sharing through information technology, employees need
constant training, which also increases the cost of human
resources. *e model structure of supply chain informati-
zation construction is shown in Figure 1.

Multilevel inventory optimization and control based on
cost optimization is to reasonably coordinate and control the
inventory of each node enterprise in the supply chain on the
basis of minimizing the total inventory cost of the supply
chain. Similar to single-level inventory optimization, the
operating cost structure of a multilevel inventory system also
includes holding cost Ch, transaction cost Ct, loss cost Cs, and
transportation cost Ctr. Taking the holding cost in the in-
ventory operating cost as an example, hi represents the in-
ventory holding cost of the product in a unit period. If wi is
used to represent the i-level inventory, the holding cost of the
entire supply chain multilevel inventory system is as follows:

Ch � 
n

i

hiwi. (1)

TC represents the total cost of the multilevel inventory
system operation of the whole supply chain, and the cal-
culation formula is as follows:

TC � Ch + Ct + Cs + Ctr. (2)

In multilevel supply chain, with the process of logistics
and capital flow in the supply chain, the holding cost forms a
process of cost accumulation.

Generally speaking, transaction cost Ct decreases with
the increase in transaction volume. For the multilevel in-
ventory system in the supply chain, transaction cost is closely
related to the cooperation relationship between supply chain
enterprises. For the control of the stock-out cost Cs, the loss
caused by the stock-out can be reduced by increasing the
degree of information sharing in the multilevel supply chain
and increasing the coordination and communication be-
tween the supplier and the demander.

If the increase in the overall profit can not be reasonably
distributed to the member enterprises, it will inevitably cause
some enterprises to resist and may even destroy the coop-
erative relationship of supply chain enterprises. Due to the
implementation of supply chain collaborative management,
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all performance indicators have been significantly improved,
but there is still a certain gap with the ideal value, which is the
same as the usual application process of management soft-
ware. *e implementation process of the whole system needs
some guidance and monitoring so that the application effect
gradually increases steadily.When implementing information
sharing, an information management system must be
established within an enterprise to collect information within
the enterprise, which will inevitably lead to the adjustment of
the enterprise organization. Some of the tables and calcula-
tions originally prepared by hand are replaced by computers,
and the corresponding staff will be cut. *e renewal of or-
ganizational structure will impact the management of en-
terprises and affect the stability of business operations.

3.1. Multilevel Inventory Control Based on Time
Optimization. With the change of market environment, the
competition among enterprises is no longer the traditional
cost-first competition mode, especially in recent years, the
competition mode based on time priority is more empha-
sized. *erefore, the inventory optimization of the supply
chain also needs to consider the time factor, improve the
response speed to users’ needs, and enhance the inventory
management level and product competitiveness. Most
production processes can be described as a multistage
system. Each production stage of the multistage system
performs the processing, assembly, and other value-added
processes of products, respectively, and the output of each
production stage serves as the input of the late production
stage [26]. In essence, supply chain is a principal-agent
relationship chain based on a series of self-interested eco-
nomic contracts, and there are different capacity conditions
and resource constraints in each link of supply chain.
*erefore, from the perspective of principal-agent theory,
supply chain is not a unified economic entity that seeks to
maximize benefits. In the supply chain environment of
e-commerce, due to various nonquality problems of

products, there are a lot of customer returns, which leads to
reverse logistics in the logistics system.

Under the environment of electronic supply chain,
nonquality returned goods in online sales have high in-
tegrity, so they usually do not need to be returned to the
factory for repair but only need to be repackaged to re-enter
the sales channels. *e main body of operation is each
enterprise, and the operation functions are divided
according to each department within the enterprise, which
makes each enterprise and even each department within the
enterprise become self-interested agents. *erefore, it is
impossible to avoid ignoring or even damaging the overall
interests in the process of maximizing their own interests.
Supply chain is the logistics, capital flow, and information
flow between interrelated departments or business partners,
covering the whole process from product design, raw ma-
terial procurement, manufacturing, and packaging to de-
livery to end users. *erefore, from the whole process of
product production from raw materials to final delivery to
users, the supply chain is a multistage production and supply
process, that is, a multistage structure of the supply chain.
*e simplified model is shown in Figure 2.

*ere are many different enterprises in different stages of
a supply chain. From the point of view of meeting the needs
of end users, it is necessary to go through all stages of the
whole supply chain to provide the end users with the
products they need. *erefore, its response cycle should be
the sum of production cycle and logistics cycle in all stages of
the supply chain. Multiorder response cycle is the cumu-
lative effect of the whole process of supply chain, which is
composed of enterprise response subcycles at different stages
in the supply chain, and the time consumed by each node
enterprise with independent functions is a subcycle. *e
relationship between logistics capability and supply chain
performance is shown in Figure 3.

Under the mode of vendor-managed inventory, the
inventory information of goods can be well known by
suppliers and customers, and suppliers set up corresponding

Customer

Supplier

Bank

Shareholder

Tax bureau

External stakeholder
interaction module

Mixed cloud

SaaS IaasPaaS

Financial 
management system

Public cloud

Internal financial
management module

Figure 1: Supply chain informatization construction mode.
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distribution centers in the distribution areas, which can
supply goods for demand points. *e supplier will set the
minimum inventory limit for the customer correspondingly
and also set the maximum replenishment value. When the
customer’s goods are lower than the minimum limit, the
supplier will replenish the customer to the maximum limit
and consider the out-of-stock cost when the customer is out
of stock. In the actual operation process of supply chain, the
core enterprise, as the main body of supply chain design,
establishment, and operation, first makes a decision on the
feasible area of benefit distribution of each node enterprise
from the perspective of the overall benefit optimization of
supply chain, and then each node enterprise takes this de-
cision as a parameter, makes a local optimization decision in
the feasible area according to its own benefit optimization
goal, and feeds back its own decision to the core enterprise.
On the basis of local optimization decisions of node en-
terprises, core enterprises make overall optimization deci-
sions in feasible areas. *e whole decision-making process is
a negotiation and decision-making process with core en-
terprises as the leading factor and interacting with each node
enterprise. For the multilevel inventory system, the inven-
tory time of each node is directly related to the inventory
value or inventory quantity, and there is a continuous ac-
cumulation process from upstream to downstream. For a
certain node enterprise, there should be corresponding time
optimization measures; that is, while optimizing the

inventory turnover time of the enterprise, it should also
consider the coordinated operation of the whole supply
chain to improve the operation level of the whole supply
chain.

4. Multilevel Inventory Optimization Model
and Algorithm

*e multilevel inventory optimization model established in
this paper is based on the distribution network system,
which is divided into two-level inventory systems, each of
which has several node enterprises, and the demand of the
system is random, which belongs to a stochastic multilevel
inventory system running indefinitely. In the whole process
of industrial supply chain management, relevant informa-
tion is involved, so enterprises and individuals at each node
in the supply chain are participants in information sharing.
*e development of information sharing inevitably requires
the participation of information sharing participants, in-
cluding the publishing body and sharing body of shared
information. When a system is in a stable state, affected by
external factors, the whole system can still be in the original
stable state through internal coordination. Participants in
information sharing not only publish their own information
but also share the information published by other enter-
prises in the supply chain, so they are both the main body of
information publishing and the main body of information

Original raw
material
supplier

Secondary
supplier

Primary
supplier

Manufacturer Distributor Retailer

Production
cycle

Logistics
cycle

End user

Multistage response cycle

Figure 2: Multistage response cycle model of supply chain.

Supply management
ability

Information
management ability

Integrate supply chain 
logistics capabilities

and agility

Supply chain 
performance

Supply chain
orientation

Collaboration and
cooperation ability

Demand
management ability

Figure 3: *e relationship between logistics capabilities and supply chain performance.
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sharing. For products, it is necessary to locate the patterns of
products. Product pattern positioning is shown in Figure 4.

Supply chain managers like to make the chain rigid. *e
quantity and quantity of supply and delivery are fixed, the
frequency and time are fixed, and the delivery place and
transportation mode are also fixed. However, in the event of
disaster, the rigid supply chain is very fragile, and it is easy to
break, resulting in production suspension and delayed de-
livery. Toughness is that when a disaster occurs, the batch,
quantity, frequency, and time of the supply chain have
changed, but it can still maintain the connection of the
chain, and the channels of supply and delivery are still
unobstructed, but the form has changed under the external
force of the disaster. By controlling and managing the in-
formation flowing among the members in the supply chain,
we can realize the effective transmission of information flow
and reduce the situation of each other’s own business due to
lack of information communication, thus reducing the
conflicts between each other and the internal friction of the
system. At this time, the system is more stable and consistent
because of the coordination and cooperation of all members,
and the integrity of the system can be more prominent,
making it easier to play the overall functionality.

Suppose xi ∈ Rn is the factor that affects the forecast of
supply chain elasticity and yi is the forecast value of supply
chain elasticity.*e supply chain elasticity forecastingmodel
based on the fuzzy clustering algorithm is to find the re-
lationship between xi and yi:

f: R
n⟶ R,

yi � f xi( .
(3)

In the formula, Rn is a factor that affects the elastic
forecast of the supply chain. According to the theory of the
fuzzy clustering algorithm, the establishment of the elastic
forecast model of the supply chain seeks to establish the
following expression:

f(x) � 
k

i�1
ai − a

∗
i( K x, xi(  + b. (4)

In the formula, x is the factor that affects the elasticity of
the supply chain, xi is the i sample among the k samples, and
K(x, xi) is the kernel function. *e kernel function adopts
the radial basis function, as shown in the following formula:

K(x, y) � exp −
‖x − y‖

2

2σ2




. (5)

Assuming that the occurrence point is the known av-
erage structural mutation point in the sequence, the de-
tection method is used to determine whether there is
structural mutation. *e statistical analysis of original data
and alternative data under the original hypothesis 1 is shown
in Figure 5. In the original hypothesis 2, the statistical
analysis of original data and substitute data is shown in
Figure 6.
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Figure 4: Product model positioning.
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Figure 5: Statistical analysis of original data and alternative data under null hypothesis 1.
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Supply chain financial service platform is to provide
customized financial services for the whole chain of supply
chain, by integrating information, capital, logistics, and
other resources, to improve the efficiency of capital use,
create value for all parties, and reduce risks. Its main mode is
to serve the upstream and downstream of core enterprises
and take real transactions as the premise. All members of the
supply chain, that is, the coordinating bodies, have shared
information. However, due to the lack of coordination
among the coordinating bodies in the system, the interests of
some systemmembers are damaged, and the logistics supply

chain system is still in an unbalanced state. At this time, the
main body of the supply chain is directly coordinated
through the coordination mechanism to balance its overall
supply chain system. *e logistics supply chain information
coordination model is shown in Figure 7.

To realize the resilience of supply chain, it is necessary to
grasp the flexibility of supply chain operation when disaster
breaks out. When the equilibrium state of any system is
destroyed, the system itself will re-establish a new equilib-
rium state. *e system is already in a balanced state through
information sharing. When it is in an unstable state due to
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Figure 7: Logistics supply chain information coordination model.
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external stimulation, it can be adjusted through coordina-
tion mechanism to make it in a balanced state again. To
realize the resilience of the supply chain, we must insist on
maintaining the relationship with the supply chain partners.

5. Conclusions

Nowadays, many enterprises are facing the complex and
changeable external environment, trying to achieve the market
goal of quick response through the collaborative operation of
supply chains. Supply chain response time, as the whole cycle
time of the production and logistics process of each enterprise in
the supply chain from the customer placing the order to the
final product delivery, reflects the market response capability of
the supply chain. Compared with traditional inventory man-
agement problems, inventory control in supply chain has many
new characteristics and requirements. Traditional inventory
management focuses on optimizing the inventory cost of a
single node enterprise and determines the economic order
quantity and order point from the point of view of storage cost
and order cost. *e inventory control strategy under this
decentralized decision-making mode will inevitably lead to the
phenomenon of demand distortion, variation, and expansion.
In this paper, the network structure of the supply chain dis-
tribution system and the choice of inventory strategy are an-
alyzed in detail, and a multilevel inventory control method of
the distribution system based on cooperative forecasting and
cooperative decision-making is proposed. Based on the analysis
of transshipment characteristics of the supply chain distribution
system, an inventory minimization model for rational trans-
shipment of the distribution system is established, and a hybrid
algorithm combining the genetic algorithm and linear pro-
gramming simplex algorithm is designed. *e calculation re-
sults fully show the effectiveness of the model. *e operation
mode of the distribution system before and after the imple-
mentation of the model also fully demonstrates the superiority
of the model.
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