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With the development of intelligent technology, the life cycle of products is becoming shorter and shorter. The traditional mode of
supply chain selection cannot meet the demand of productivity development. Scientific and reasonable choice of school uniforms’
raw material supply chain is a necessary condition to assist school’s normal operation. Therefore, an optimization model for
primary and secondary school clothing raw material supply chain based on the internet of things is proposed. In order to optimize
the raw materials supply chain of primary and secondary school uniform, a model based on the internet of things is proposed. In
the environment of the internet of things, from the perspective of supply chain configuration and enterprise’s expected risk
minimization, this paper establishes the optimization model of raw material supply chain of primary and secondary school
uniform based on the internet of things. Through the improved genetic algorithm to solve the model, the best raw material supply
chain of primary and secondary school uniform is obtained. The simulation results show that the proposed model can effectively
improve the asset utilization and execution efficiency of the supply chain and reduce the cost of the raw material supply chain of

primary and secondary school uniform.

1. Introduction

As a professional uniform, school uniform not only has the
unity and functionality of ordinary professional uniform but
also has the unique personality and characteristics of school
uniform. For example, school uniforms pay more attention
to the characteristics of different age groups in the choice of
color and pay more attention to comfort and green in the
selection of fabric, which is also conducive to promoting the
psychological growth of primary and secondary school
students. School uniform is not only an external manifes-
tation of students’ identity but also the embodiment of
school management concept and education and also a
symbol of national characteristics and culture. In China, it
began to be popularized on a large scale in 1993. After more
than 20 years of development, the school uniform of primary
school students at this stage is mainly sportswear. Compared

with other countries, especially developed countries, there is
still a big gap.

With the continuous progress and development of so-
ciety, the communication between people has become more
and more smooth. The gap between China’s school uniform
and other countries has been gradually recognized by more
people, and the school uniform culture has attracted more
and more attention [1]. In China, some experts call for the
improvement of school uniforms, but there are still some
people who are against the school uniform system and think
that the school uniform system stifles the students’ ability of
self-creation. At present, different primary and secondary
school uniforms have different degrees of attention; in
domestic, some private primary schools pay more attention
to school uniforms, and some schools improve school
uniforms but only in the style as far as possible, and there are
still some deficiencies in color and fabric. At this stage, how
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to select the best raw material supply chain of the primary and
secondary school uniform has become a hot topic. Relevant
experts have given some good research results. For example,
Qin et al. [2] set the total cost minimization as the goal,
formed the data generation criteria, and used CPLEX to solve
the problem so as to effectively realize the supply chain
optimization; in the centralized decision-making mode, Chen
et al. [3] made effective decisions to obtain the lowest total
cost around the four-level supply chain, established fuzzy
rules and set decision-making model, and used the fuzzy
possibility theory to solve the model to obtain the optimal raw
materials supply chain of primary and secondary school
uniform. Wang et al. [4] established a supply chain optimi-
zation model with the primary objective of minimizing social
losses and obtained the optimal supply chain combination
under the lowest cost material supply chain combination. The
above research results can optimize the supply chain, but in
practical application, the cost control and resource utilization
still need to be further optimized.

Based on the above research results, this paper proposes
a model based on the internet of things for the raw materials
supply chain selection of primary and secondary school
uniform. The simulation results show that the proposed
model can comprehensively improve the asset utilization
and execution efficiency of the supply chain and reduce the
cost of the raw material supply chain of primary and sec-
ondary school uniform.

2. Methods

2.1. Establishment of the Optimization Model for Raw
Material Supply Chain. The raw material supply chain
management of primary and secondary school uniform
mainly uses the supply chain relationship and process to
carry out business integration and enhance the competi-
tiveness of enterprises. A successful supply chain needs to
make a lot of decisions related to information flow, product
flow, and capital flow. According to the duration of decision-
making, decision-making can be divided into three different
stages, as shown in Figure 1.

2.1.1. Strategy Stage of Supply Chain. That is, the supply
chain design stage is a long-term decision-making process,
which can last for several years. At this stage, it is necessary
to determine the network structure of supply, production,
and downstream distribution in the supply chain through
the product BOM [5].

2.1.2. The Planning Stage of Supply Chain. It is the overall
planning and coordination stage of the supply chain. The
whole stage is mainly responsible for providing medium-
and long-term operation plans for the planned supply chain.

2.1.3. Operation Stage of Supply Chain. That is, each exe-
cution stage of the supply chain node is mainly responsible
for short-term operation decisions.
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For manufacturing enterprises, in order to obtain the
best raw materials for primary and secondary school uni-
form, it is necessary to reduce the supply risk of raw ma-
terials in the process of practical application. The advantages
and disadvantages of the supplier are analyzed according to
the following principles:

(1) Primary and secondary schools should select as
many suppliers as possible:

Due to the different types of raw materials, enter-
prises need to select two or three suppliers as the core
suppliers, which can effectively avoid enterprises
relying too much on the same supplier and reduce
the risk of the enterprise supply chain.

In addition, the number of suppliers selected by the
enterprise should not be too many. If the supplier
selected by the enterprise is a single supplier; when the
supplier is out of stock or delayed, it will cause in-
terference to the normal production of the enterprise,
and the corresponding risk of the enterprise will also
increase correspondingly. On the contrary, if the
number of suppliers selected by the enterprise is large,
the management cost will also increase. Therefore, we
need to pay attention to the number of suppliers and
optimize the number of suppliers reasonably.

(2) Using product quality and price level to evaluate
suppliers comprehensively:

At present, in the process of selecting suppliers,
enterprises need to give priority to price [6, 7]. In the
process of selecting suppliers, enterprises with fa-
vorable prices and high-quality raw materials need to
be selected as suppliers. If the enterprise takes the
price as the only index to measure the supplier, it will
have an adverse impact on the enterprise repre-
sentatives. Therefore, it needs to combine a number
of evaluation indicators for a comprehensive eval-
uation, such as product price, product quality, and so
on. We also need to comprehensively consider the
cost performance of products. When encountering
more special circumstances, under the condition that
the enterprise meets the demand of raw material
quality, it can also select the supplier through the
optimal price.

(3) Paying attention to the suppliers who can provide
large quantities of raw materials stably for a long
time:

When the production enterprise is in a stable state
of development, it is necessary to give priority to the
suppliers with large supply and high quality, es-
pecially the suppliers who can provide nuclear raw
materials for the enterprise [8]. With the contin-
uous increase of enterprise production scale, the
production capacity of each enterprise will also
increase, and the production of raw materials will
also increase. If the supplier is in an unstable and
unreliable state for a long time, it will have an
adverse impact on the production and development
of the enterprise.
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FIGURE 1: Strategic diagram of the three-tier structure of primary and secondary school uniform’s raw material supply chain.

(4) Selection of suppliers that match the scale of the
enterprise:

Different enterprises have their own supplier eval-
uation index and evaluation system, but the specific
evaluation standard needs to be set by referring to
the information to ensure that it can fully reflect the
comprehensive level of suppliers at this stage. In
addition, it needs to focus on the supply capacity and
product price of different suppliers.

Usually, when an enterprise is in the early stage of
development, it needs to select the supplier with the
appropriate scale. With the continuous development
and growth of enterprises, some small suppliers
cannot meet the development needs of enterprises.
At this time, enterprises need to select new suppliers.
However, due to the long-term cooperation between
the enterprise and the early suppliers, the replace-
ment of suppliers will bring varying degrees of losses
and security risks to the enterprise. On the issue of
supplier replacement, enterprises need to combine
their own production scale and development situ-
ation to make reasonable planning for
implementation.

(6) Rules of scientific rationality:

The establishment of the evaluation and selection
index system needs to be scientific and reasonable,
and the index system needs to use the combination of
qualitative index and quantitative index. In addition,
we need to determine the size of the index system
according to the needs of enterprises; otherwise, the
operation process will be too complex.Reasonable
supplier level and standard is one of the precondi-
tions for selecting suitable suppliers to effectively
reduce supply riskIn general, the stronger the

(5) The principle of giving consideration to all aspects
and highlighting key points:



enterprise’s comprehensive strength is, the higher
the supply chain performance level is [9, 10], and
which can effectively resist external risk factors, with
long-term and stable cooperation ability. If the
supplier does not grasp the strength of the whole
supply chain, it will lead to the overall stability of the
supply chain. According to the strength of different
suppliers to select is the most effective way of de-
velopment, selecting strong and stable suppliers can
effectively promote the development of enterprises,
so that the two can establish a long-term cooperative
relationship.In addition, in the process of selecting
stable suppliers, enterprises pay more attention to
the attitude of suppliers, focusing on the attitude of
suppliers to the cooperation between them. When
the candidate suppliers are not unique, it can provide
multiple supply chains, which can effectively reduce
the risk of uncertainty in the cooperation proc-
ess.According to the supplier selection criteria and
the corresponding evaluation factors, different en-
terprises use Figure 2 to select suppliers. The specific
operation steps are as follows:

(1) Identification of enterprise needs:

Enterprises and suppliers need to establish a stable
and long-term cooperative relationship. They need to
comprehensively analyze the market competition
environment faced by enterprises at present, analyze
the current operation status of suppliers and the
defects in the material supply process of enterprises,
and use them as the basis for determining the current
demand for raw materials of enterprises [11]. In
order to further determine whether an enterprise can
establish a purchasing relationship with the supplier,
it is necessary to adjust the cooperation mode with
the supplier according to the actual development of
the enterprise.

(2) Identification of alternative suppliers:

The process of selecting suppliers is not only a simple
process of evaluation but also a process of reorga-
nization and reengineering of various departments
and suppliers. Therefore, on the premise of estab-
lishing the final evaluation criteria, each production
enterprise needs to determine the suppliers that meet
the basic needs of the enterprise from a large number
of optional suppliers [12], which are also the po-
tential alternative suppliers of the enterprise in the
future. When each candidate supplier meets the
minimum development level of the enterprise, it has
the opportunity to establish a cooperative relation-
ship with the enterprise. Production enterprises are
using certain evaluation systems and evaluation
methods to comprehensively evaluate each candidate
supplier so as to obtain the best supplier.

(3) Establishment of the evaluation index system of

suppliers:

The evaluation index system of suppliers mainly
refers to the process of a comprehensive evaluation
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of alternative suppliers by manufacturing enter-
prises. The system is established by combining the
subordinate relationship and hierarchical structure
relationship between enterprises and suppliers.

(4) Determination of the evaluation expert group:

Enterprises invite experts and relevant people to
conduct a comprehensive evaluation on suppliers
[13, 14], among which professional members mainly
include procurement, management, and other de-
partments of the enterprise. In order to enhance the
scientificity and rationality of the evaluation results,
it is necessary to set up an expert evaluation group.

(5) Determination of supplier evaluation method:

The members of the expert evaluation group need to
select the final evaluation method and supplier se-
lection standard according to the development of the
enterprise and the characteristics of the raw mate-
rials. Among them, the selected evaluation method
should be in line with the actual needs of enterprise
development at this stage as far as possible. In the
case of reducing the subjective impact, it also needs
to have certain operability.

(6) Comprehensive evaluation of suppliers:

Combined with the production and operation in-
formation of suppliers, the most suitable evaluation
method for enterprise development needs is selected.

(7) Determination of the optimal number of suppliers:
The number of suppliers selected by the enterprise
brings different degrees of risk to the later pro-
duction and development of the enterprise. The
more the number of suppliers is, the smaller the
probability of raw material shortage is.

(8) Implementation of supplier partnership:

After the enterprise determines the supplier, it needs
to form a cooperation relationship with the supplier
by using a legal relationship to determine the rele-
vant cooperation funds.

Usually, an enterprise has multiple suppliers. When the
supply of any supplier is unexpected, it can fill the vacancy of
raw materials from other suppliers. The more suppliers an
enterprise has, the less risk it will face. However, in order to
coordinate the management of enterprises, it needs to pay
the corresponding management costs. When enterprises
determine the optimal number of suppliers, they need to
comprehensively measure the supply risk and the man-
agement cost they need to pay [15, 16].

In order to facilitate the analysis of the problem, it needs
to make the following assumptions: represents the set of
available suppliers; represents the enterprise to select sup-
pliers; represents the set of enterprise to select suppliers;
represents the management and operation costs to be paid
for the selection of supplier i; represents the risk that an
enterprise faces when selecting suppliers; and represents the
management cost function that an enterprise needs to pay in
order to manage suppliers. The specific expressions are as
follows:
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where a is a constant greater than 0, which mainly
represents the fixed cost of managing suppliers, so C, (S,,) is
a monotone increasing function.

L represents that when all suppliers of an enterprise fail
at the same time and cannot supply goods normally, it will

bring certain economic losses to the enterprise, among
which

0, otherwise,
0, otherwise.

Through the above variables, we can obtain
{p(X =1) = po
p(Y;=1)=p.

In the process of establishing the optimal model of
primary and secondary school uniform’s raw material
supply chain based on the internet of things, it needs to
analyze the risk problems, so it needs to make some rea-
sonable assumptions first, which will help further study the
problems that need to be solved.

When an enterprise has n suppliers, the probability of
supply risk [18] is as follows:

P,(D)=P,+(1-P,)[]p- (5)

i€S,

(4)

When an enterprise selects two suppliers at the same
time, the risk probability faced by the enterprise can be
expressed as follows:

Pa+(1_Pa)P1

Pz(D)= P
2

(6)

Compared with the situation of only one supplier, that is,

: P+ (1- PP, _{pa . (1P— PH)PI}
2
PO=ROIZ (e -ppp,

[ (1-P,)P,(1-P,).
(7)

Considering the risk, C,(S,) represents the loss cost
caused by the fajlure of suppliers when an enterprise selects n
suppliers; C (S, represents the total cost of risk loss faced by
an enterprise when selecting »n suppliers [17]. At the same
time, it needs to set the following variable forms:

{ 1, represents the probability of common time occurrence p,

(3)

{ 1, represents the supplier is unable to supply goods due to failure,

When P, e (0,1), P,e (0,1), it is obvious that the fol-
lowing can happen:

P, (D)-P,(D)=(1-P,)P,(1-P,). (8)

It can be proved by formula (8) that when an enterprise
has two suppliers at the same time, the risk probability faced
by the enterprise is significantly lower than that with one
supplier.

Through the previous analysis, we can see that:

C(S)_{Pn(D)[L+Co(7’l)]+[1_Pn(D)]Co(7’l)
" | Cy(m) +L[P, +(1-P,)P,P,...P,].

After the above analysis, the following models are set up
from the perspective of the enterprise’s expected risk
minimization [19]:

Through the definition of related variables, the loss
caused by the failure of all suppliers can be expressed in the
following form:

L=L<S+(1—S)Hp,.>. (10)

i€S,

The loss caused by the failure of some suppliers can be
expressed in the following form:

1(1-5) =<1 -TTe-TTC —Pi)>- (11)

i€S, i€S,

When an enterprise selects n suppliers, the potential risk
in the enterprise memory will cause the suppliers to be
unable to supply, and the calculation formula of the loss is as
follows:



Mobile Information Systems

C,(S,) =L<S+(1 -S)]_[p,) + l(l—S)<1 -[]e-T]C —P,»)). (12)

i€S,

In the process of enterprise management, we need to
coordinate the cost of each supplier to get the total risk cost
of selecting n suppliers, namely,

CO (Sn) + Cs (Sn)
C(Sn) =

i€S,

Combined with the previous random variables, the
following formula can be obtained:

E(Co(S4)) = 4

(IS

Var<a + Z bi>
VarCos)={ _\ &
Z("i —H )

Var(cs (Sn)) = 0i<Pa + (1 - Pa) Hp1>
where
E(CO (Sn)) +Cs (Sn)
=D | picaisn e ) -

var(Cy (S,)) + C(S,)
var (Co (Sn)) +E (Cs (Sn))

Combined with the above analysis, under the environment
of the internet of things, we can build the following optimization
model of primary and secondary school uniform’s raw material
supply chain, and the specific expression is as follows:

S, = min E(C(S,)) + 64/var (C(S,)). (16)

Var () =

2.2. Solution of the Model. The improved genetic algorithm is
used to solve the optimization model of the raw material
supply chain of primary and secondary school uniform
established in Section 2.1. The operation process of a simple
genetic algorithm is shown in Figure 3.

i€S, (3

a+Zbi+L<S+(1—S)Hpi>+<1—Hpi—n(1—pi)>. (13)

i€S,

i€S, i€S,

'E<L<S+(1—S)Hp,-)+l(1—S)<1—HPi—H(1—Pi)>>
L<Pa+(1 —Pu)l_[p,) +l(1—pa)<1 -T1e-T]C —pi)>,

i€§, ieS,

(14)

+0; (1=P) [ [P =[] (1= p) = E(Co(S,)),

i€S, i€S,

However, the traditional genetic algorithm is apt to be
nonstandard and inaccurate in coding. Because a single
genetic algorithm code cannot fully express the constraints
of the optimization problem, it is necessary to consider the
threshold of the infeasible solution, thus increasing the
workload and time. Because the basic genetic algorithm has
some shortcomings, the improved genetic algorithm is used
to solve the model, and the gene is set to represent the only
alternative selected by node i. Through the coding tech-
nology based on integer and sequence [20, 21], the chro-
mosome can be expressed in the following form, as shown in
Figure 4.

The chromosome encoded by the above rules not only
can reflect the chain structure but also can facilitate chro-
mosome genetic operation and meet the corresponding
constraints.

A better initial population can improve the search speed
and precision. The fitness function is designed by fitness
allocation based on ranking, and the population is ranked
according to the value of the objective function. The fitness
value of the population only depends on the order of
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individuals in the population but not the actual value of the
target. Based on linear or nonlinear sorting fitness allocation,
it is necessary to add a population uniform scale to the
sorting to provide a simple and effective method for pressure
control and obtain better robustness [22]. The nonlinear
individual fitness can be expressed in the following form:

L 26p-DG-1)

o1 (17)

f@)=2-sp

Through elite selection and random traversal strategy,
firstly, the fitness values are sorted from good to bad. Elite
selection strategy uses individuals with the best fitness value

in the target population to copy all to the next generation
population, to ensure that the final result is the best indi-
viduals in the genetic algorithm.

Figure 5 shows the specific operation process of the
model solution.

(1) The structure, demand, and genetic parameters of
the supply chain are set, and the initialization rules
and the initial population are proposed. Then the
population is optimized by the pretreatment method.

(2) The objective function of the population is calcu-
lated, and the different fitness is calculated by the
linear calibration method with given selection
pressure.

(3) It determines whether the convergence standard is
reached. Assuming that the specified standard is
reached, the final result will be output; otherwise, go
to step (4).

(4) The optimal elites are retained by the elitist strategy,
and they are put into the elitist pool [23-25]. The
individuals whose population size is equal to the size
of the parent population minus are selected by
random traversal and directly put into the cross pool.

(5) Through the single-point crossover strategy, the
population in the crossover pool is crossed and put
into the mutation pool after repair.

(6) The population in the mutation pool is mutated by
the ergodic operator.

(7) The mutated populations are merged and treated by
the population pretreatment method and then return
to step (2).

3. Simulation Experiment

In order to verify the comprehensive effectiveness of the
proposed model based on the internet of things for the raw
materials supply chain of primary and secondary school
uniform, experiments are carried out in a computer with the
environment of Windows 10 system, Intel (R) Core (TM) i7-
8400, 2.81 GHz CPU and 3.89 GB memory capacity.

3.1. Raw Materials Supply Chain Cost of Primary and Sec-
ondary School Uniform (Yuan). In the experiment, three
models are selected as comparison methods, which are
models in references [2-4]. In order to verify the effec-
tiveness of the proposed model, we take the raw materials
supply chain cost of primary and secondary school uniform
as the test index. The specific experimental comparison
results are shown in Figure 6.

By analyzing the experimental data in Figure 6, it can be
seen that with the continuous increase of the number of test
samples, the cost of each model shows an upward trend. The
model built in reference [2] has a minimum cost of 2,600
yuan and a maximum cost of 5,400 yuan. The cost of the
primary and secondary school clothing raw material supply
chain of the model constructed by references [3] and [4] is
higher, and the highest cost has reached nearly 700 yuan.
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Compared with the other three models, the cost of the
primary and secondary school clothing raw material supply
chain of the proposed model is significantly lower, and the
highest cost value is still less than 500 yuan. The main
original flavor of this application advantage is: in the process
of model selection, the proposed model uses the improved
genetic algorithm to solve the model, effectively improves
the disadvantages of the traditional genetic algorithm, and
makes the cost of the primary and secondary school service
raw material supply chain of the whole model significantly
lower.

3.2. Asset Utilization Rate of Primary and Secondary School
Uniform’s Raw Material Supply Chain (%). On the basis of
the above analysis, the following experimental tests set the
asset utilization rate of primary and secondary school
uniform’s raw material supply chain as the evaluation index,
and Figure 7 is the comparison results of the asset utilization
rate of four models in primary and secondary school uni-
form’s raw material supply chain.

By analyzing the experimental data in Figure 7, it can be
seen that compared with other reference models, the asset
utilization rate of primary and secondary school clothing

raw material supply chain constructed by the model is
higher. During 350 iterations, the fluctuation range of uti-
lization rate is 75%~92%. The numerical results show that
the model meets the application requirements. This is be-
cause after the proposed model is established, the improved
genetic algorithm is used to solve the model to obtain the
optimal primary and secondary school clothing raw material
supply chain, which makes the overall asset utilization rate
significantly higher than the other three models. At the same
time, it also fully verifies the correctness of using the im-
proved genetic algorithm to solve the model.

3.3. Execution Efficiency (%). In order to fully verify the
superiority of the proposed model, the following experi-
mental tests compare the execution efficiency of three dif-
ferent models. The specific experimental results are shown in
Table 1.

By analyzing the experimental data in Table 1, it can be
seen that the execution efficiency of the proposed model is
significantly higher than that of the other three models. The
highest execution efficiency of the model constructed in
reference [2] is 96.2%; the highest execution efficiency of the
model constructed in reference [3] is 95.5%; the highest
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TasLE 1: Comparison results of the execution efficiency of three different methods.

. ) Execution efliciency (%)
Number of experiment (times)
The proposed model =~ Model of reference [2]  Model of reference [3]  Model of reference [4]

5 98.6 96.2 95.5 94.3
10 97.3 951 94.6 93.1
15 96.4 94.3 91.7 90.2
20 96.5 92.0 88.1 87.7
25 95.2 91.1 86.2 85.2
30 95.3 90.3 85.4 83.5
35 94.8 88.4 84.2 81.3

40 94.1 87.0 83.0 79.4
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execution efficiency of the model constructed in reference
[4] is 94.3%; and the highest execution efficiency of the
model in this paper is 98.6%. This is mainly because the
proposed model improves the traditional genetic algorithm,
comprehensively improves its shortcomings, and enhances
its overall performance so as to obtain the optimal primary
and secondary school clothing raw material supply chain
and improve the execution efficiency of the model.

4. Conclusion

The existing models have the following problems: the in-
crease of primary and secondary school uniform’s raw
material supply chain cost, the decrease of asset utilization,
and execution efficiency of primary and secondary school
uniform’s raw material supply chain. Therefore, this paper
proposes a model based on the internet of things for the raw
materials supply chain selection of primary and secondary
school uniform. The test results show that the proposed
model can effectively reduce the cost of primary and
secondary school uniform’s raw material supply chain and
improve the asset utilization and execution efficiency of
primary and secondary school uniform’s raw material
supply chain. The application of the genetic algorithm in
resource comprehensive optimization will greatly improve
the scientificity and timeliness of network planning.
However, the type of raw material supply chain in this
study is still vague, which mainly solves the problem of
selecting the best supply chain, but the difference of supply
modes between different types of enterprises has not been
discussed deeply, and there is no analysis on the operation
of raw material supply enterprises so as to provide theo-
retical reference and method guidance for further im-
proving management and enhancing comprehensive
strength.
In the future, we will focus on the following aspects:

(1) There are many factors that cause the flexibility of
suppliers. In the future, we will further consider the
internal flexibility of suppliers and the flexibility of
product renewal and continue the next research
work.

(2) Because the price and demand are completely dif-
ferent in different periods, it is still a huge challenge
to solve the model. In the future, more optimization
algorithms will be introduced into the model.

(3) There is also an inventory problem in the model, that
is, the enterprise needs to select a certain amount of
raw materials to deal with the uncertainty of each
enterprise’s demand, which is also a problem worthy
of study.

(4) It should expand the scope of application of the
model and strengthen the comprehensive perfor-
mance of the model.
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