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Preface

Welcome to the International Conference on e-Learning, e-Education, and Online Train-
ing in the picturesque city of Yantai! It’s a privilege to have such a distinguished gathering
of experts and scholars in the field of digital education.

Our conference title, “International Conference on e-Learning, e-Education, and
Online Training,” reflects the evolving landscape of education in the digital age.
As we navigate a world increasingly defined by technology, the exploration of
e-learning methodologies, e-education platforms, and online training mechanisms
becomes paramount.

The significance of this conference was amplified by the locale. As a coastal city,
Yantai’s rich history and dynamic spirit offered an inspiring setting to explore ground-
breaking ideas that can shape the future of education. Yantai University, one of the nearest
universities to the coast, hosted this conference in support of educational development.
Through insightful discussions, sharing of research findings, and collaborative network-
ing, we aimed to harness the power of digital tools to democratize education, bridge
learning gaps, and foster lifelong learning opportunities for diverse global communities.

Looking ahead, we envision a future where geographical boundaries are no longer
barriers to quality education. Personalized learning pathways, augmented-reality class-
rooms, and Al-driven assessment models are just a glimpse into the possibilities that lie
before us.

All participants engaged wholeheartedly in exchanging ideas and seizing this oppor-
tunity to contribute to the collective advancement of e-learning and online education.
We embarked on this journey of innovation and transformation together.

Thank you for being a part of this inspiring conference. Here’s to meaningful
conversations, insightful discoveries, and a brighter future for education worldwide.

August 2023 Ying Li
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Cloud Computing-Based Sharing Platform
for High-quality Teaching Resources of Higher
Vocational Physical Education

Xin He®™ and Hongjie Cao

Chongqing Vocational Institute of Engineering, Jiangjin 402260, China
17830660127@€163.com

Abstract. In order to solve the problem of high packet loss rate during data trans-
mission of the existing educational resource sharing platform, a sharing platform
for high-quality teaching resources of higher vocational sports based on cloud
computing is proposed and designed. The method first introduces blockchain tech-
nology to build a shared information hierarchy model, omits some intermediate
links of shared information transmission, and establishes a trusted measurement,
storage and reporting mechanism on the encrypted storage technology of physi-
cal protection. Then confirm the integrity test value of physical education quality
teaching resources in higher vocational colleges, improve the trusted cloud com-
puting mechanism, and finally calculate the matching degree of each demand
corresponding to the tasks in the cloud system and the nodes of physical edu-
cation quality teaching resources in higher vocational colleges, and integrate all
data in the shared model into the central database to share high-quality teach-
ing resources. The experimental results show that compared with the comparison
method, the proposed method has the lowest packet loss rate in the process of data
sharing and has greater application value.

Keywords: Cloud Computing - Teaching Resources - Sharing Platform

1 Introduction

As an important part of vocational education, higher vocational education is facing
increasingly severe challenges and opportunities. As an important part of physical edu-
cation quality, the task of higher vocational physical education is becoming more and
more serious. How to improve the quality and level of physical education in higher
vocational education has become a hot issue concerned by the education circle and the
society. However, due to the asymmetry of teaching resources among higher vocational
colleges, the uneven teaching level of teachers, the diversification of students’ learn-
ing styles and the individual needs, there are some difficulties and challenges in higher
vocational physical education.

With the continuous development of computer technology and network technology,
most colleges and universities are using network technology to improve the teaching
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quality of colleges and universities, develop their own teaching resource management
system with full functions and distinctive characteristics, or set up their own electronic
library. These high-quality teaching resources provide students with a learning plat-
form for after-class review and self-study [1, 2]. In this context, the establishment of
an efficient, convenient and shared teaching resource platform has become a neces-
sary condition for the reform and improvement of physical education teaching quality
in higher vocational colleges. Many scholars have conducted research on this issue.
As mentioned in reference [3], in order to achieve resource integration and sharing,
a study was conducted on the construction of a cloud based English digital resource
library for higher education. This method first gives the Functional requirement of the
higher vocational English digital resource library system from three aspects: Functional
requirement, performance requirements and operational requirements, then analyzes
the overall technical architecture and network topology of the education cloud platform
where the higher vocational English digital resource library system is located, and finally
designs and implements the core module of the higher vocational English digital resource
library system based on the optimization strategy proposed in this paper, And provide
some important and representative interfaces and source code. A streaming data sharing
method for the Internet of Things is proposed in reference [4]. This method proposes a
data stream reuse algorithm on the Storm fast data platform to identify the intersection
of reusable tasks and streams from existing data streams, so as to form a combined data
stream and ensure the equivalence of its output streams. Then, it proposes a de merge
algorithm when the data stream is deleted and a defragmentation algorithm for partially
reused data streams. Finally, it uses experiments to prove the progressiveness of the
proposed method. Although the above two methods have a certain promoting effect on
the integration and secure sharing of educational resources, they still cannot guarantee
the accuracy of data sharing, and their packet loss rate is still high.

Based on this, the research on the sharing platform of high-quality teaching resources
of higher vocational sports based on cloud computing is carried out. First, blockchain
technology is introduced to establish a shared information hierarchy model, and a trusted
measurement, storage and reporting mechanism of physical protection encryption stor-
age technology is established. Then determine the integrity test value of physical edu-
cation quality teaching resources in higher vocational colleges, improve the trusted
cloud computing mechanism, and finally calculate the matching degree of each demand
corresponding to the tasks of the cloud system and physical education quality teach-
ing resources nodes in higher vocational colleges, incorporate all data into the central
database, and share high-quality teaching resources. It is hoped that the sharing effect
of educational resources can be improved through this study.

2 Sharing Platform of High-quality Teaching Resources for Higher
Vocational Sports

The characteristics and necessity of high-quality physical education teaching in
vocational colleges include the following points:
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(1) Reasonable curriculum: The curriculum of physical education in vocational colleges
should be based on students’ learning characteristics and needs. It should not only
meet the requirements of students’ basic physical fitness and professional knowl-
edge, but also take into account the development of students’ personalities and the
improvement of their comprehensive qualities.

(2) Diversified teaching methods: High quality physical education teaching in vocational
colleges should adopt various teaching methods, such as explanations, demonstra-
tions, etc., combined with practical operations and interactive exchanges, to stimulate
students’ interest in learning, promote students’ independent learning and innovative
thinking, and achieve the effect of applying what is learned.

(3) Strengthening practical operation: Vocational physical education teaching should
focus on practical aspects, practicality oriented, and consolidate students’ physical
fitness through practice, cultivating professional skills and innovative abilities.

(4) High quality teachers: PE teaching in higher vocational colleges needs high-level
professional teachers who not only have solid professional knowledge and rich prac-
tical experience, but also have good teaching ability and interpersonal communica-
tion communication ability, which can stimulate students’ enthusiasm and interest
in learning and lead students to success.

(5) Complete professional facilities: Vocational physical education teaching requires
comprehensive professional facilities and laboratories, including experimental
equipment, venue facilities, laboratories, multimedia classrooms, etc., to provide
students with a good learning environment and promote the improvement of teaching
effectiveness.

The necessity of high-quality physical education teaching in vocational colleges lies
in that physical education is the foundation for students’ physical and mental health
development. Vocational physical education teaching can improve students’ compre-
hensive literacy and professional competitiveness, and help them better adapt to future
career requirements and social development needs. At the same time, high-quality phys-
ical education teaching in vocational colleges can also promote the development and
promotion of sports, and cultivate more sports talents with professional qualities and a
sense of social responsibility for society.

In the process of handling specific business logic, access to the underlying database
is required. However, the following problems exist in the higher-level physical education
quality teaching system:

(1) Itis not user-friendly. Users may have to log in to multiple websites in order to get
the resources they want, requiring multiple access rights, or even being unable to
use the resources that exist.

(2) The backend services require costly maintenance.

(3) The capacity of the system cannot be dynamically changed according to the demand
of access. It is easy to overload the system or to run the system empty.

(4) Repetitive use of resources is not possible, and an ideal balance between expenses
and revenues cannot be found. Since this is the case, can there be a way to access all
the servers and find the needed resources on those servers by just one access terminal
and sending one access request? The answer is yes, and using cloud technology, all
of the above requirements can be achieved.
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Based on the characteristics of cloud computing, the following idea can be realized
by introducing it into the platform for sharing high-quality teaching resources in higher
education sports: higher education institutions in a certain region, specifically a city,
a province or a country, can join together to build a unified cloud platform, integrate
the computing resources of each institution into a public pool of computing resources,
establish a unified interface through the cloud computing network, and deliver it to the
“cloud committee”. The cloud platform can be managed by the “cloud committee”. The
teachers and students of joint higher education institutions can access the resource pool
through such a unified interface and get the required teaching information. The resource
management centers of these institutions can also upload their own special resources to
this public resource pool [3, 4] for students and faculty members of each higher educa-
tion institution to share. It is only necessary to pay a small fee according to the usage,
and do not need to care about the construction of these hardware servers. Thus, the
sharing of teaching resources is realized and the “information silo” is eliminated. Stu-
dents can get more learning resources, and education units can realize online publishing
and online interactive teaching more quickly. Education units do not need to consider
the construction investment of basic platform and software, and just concentrate on the
development of courseware and production of learning resources, and leave everything
else to the cloud platform.

2.1 Hierarchical Model of Shared Information

Since the shared information is randomly distributed in the network environment, it
makes the information sharing process more complicated and cumbersome, which affects
the security of information sharing. This study introduces blockchain technology to build
a shared information hierarchy model in order to improve the security of information
sharing [2, 5], which lays a solid foundation for the subsequent encryption of shared
information attributes.

The hierarchical model of shared information based on blockchain technology is
shown in Fig. 1.

As shown in Fig. 1, the application of blockchain technology divides the shared
information into five layers- physical layer, blockchain definition layer, network layer,
collaboration layer and application layer, and the definition of each layer and its specific
functions are shown below:

(1) Physical layer
This layer refers to the physical environment of the demand side of the shared
information, which informs the demand side requirements and sends them to the
blockchain definition layer [6—8];
(2) Blockchain definition layer
This layer takes the responsibility of defining the tasks of the collaborative layer,
such as block structure, digital signature, information transmission, and consensus
mechanism. Information sharing needs to involve multiple aspects of information
data, and there are large differences between the information and the needs for secu-
rity are very different. The normalization of different information can be achieved
through the processing of the blockchain definition layer, which is the necessary level
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Fig. 1. Shared information hierarchy model

for the shared information to enter the network layer. The formula for normalization
of shared information is

Xi - Xmin

Xmax — Xmin

Y; 1
In Eq. (1), X; and Y; respectively represent the shared information before and
after normalization processing; Xmin and Xmax represent the minimum and maximum
values of shared information, respectively.
(3) Network layer
This level bears the task of sharing information transmission and is a key level of
information sharing. In information sharing, this level requires certain authentication
of information sharing demanders, suppliers, and shared information to ensure the
security of information sharing behavior;
(4) Collaborative layer
This level undertakes tasks such as shared information storage, manage-
ment, coordination, and decision-making, and records shared information sources,
abstracts, security requirements, and other information in the blockchain. It operates
and stores shared information through network platforms;
(5) Application layer
After receiving the requirements from the demand side, this level confirms and
analyzes the shared information requirements, extracts corresponding shared infor-
mation based on the requirements, integrates it, and provides feedback to the physical
layer.
In the hierarchical model of shared information, shared information is not defined
according to information related business processes. This approach can omit some
intermediate links in the transmission of shared information, simplify the process of
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information sharing, and thereby reduce the probability of shared information being
attacked.

2.2 Trusted Cloud Computing System

Trusted cloud computing is an important information security technology for the stor-
age of high-quality teaching resources in vocational physical education. Trusted cloud
computing is based on physically protected password storage technology, and the trust
mechanism is nested in mainstream computing storage platforms [9—11] to achieve over-
all storage and call security. In data storage optimization, it is necessary to first design
a storage measurement model, which ensures the integrity of metadata throughout the
entire storage process under the measurement function of the model. During this pro-
cess, areporting mechanism for trusted measurement storage is designed based on trusted
cloud computing, as shown in Fig. 2:

Basic input system
boot module

:

I Basic Input
08 System

measurement

hardw
measurement

are storage

Boot sector report
‘ TPM

Operating
measure system

ment L storage

Application
program

ROM

Memor
y L storage

Network

Fig. 2. Trusted metric storage reporting mechanism

In Fig. 2, it is mainly based on the integrity of high-quality physical education
teaching resources in vocational colleges as a reference, and it is necessary to calculate
the hash value and store it in the internal structure [12], and complete the storage on the
storage platform. In order to save space, it is necessary to extend the calculation method
of hash values and store the extended values in the configured registers to complete
mutual correlation verification. During this process, an element needs to be inserted
to obtain the ideal hash and offset. The situation of inserting the element is shown in
Table 1:
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Table 1. Insert Elements

Hash bucket Hash value Address Optimal bucket Shifting
Hash bucket 1 J (h1) 112 3 2
Hash bucket 2 - - - -
Hash bucket 3 - - - -
Hash bucket 4 J (h2) 111 5 2
Hash bucket 5 J (hl) 102 2 1
Hash bucket 6 J (h4) 113 3 0
Hash bucket 7 J (h3) 105 2 2

In Table 1, the specific hash bucket numbers are selected for searching and shifted
backward in order until the search is achieved and the integrity test values of meta-high
school physical education quality teaching resources are obtained.

2.3 Cloud-Based System

The cloud-based system is mainly the time utilized from awareness to end, i.e., the time
span. The optimal span mainly refers to the minimization of the running time to achieve
the optimal span, and also to be able to enhance the quality of service in the cloud.

(1) Resource sharing: Cloud systems fully utilize existing computing resources and
achieve resource sharing through virtualization technology, improving the efficiency
and utilization of computing resources.

(2) Elastic scaling: Cloud systems can automatically scale computing resources accord-
ing to business needs, improving the efficiency and elasticity of computing resource
utilization.

(3) High reliability: The cloud system adopts multiple nodes and backup mechanisms,
improving the reliability and availability of the application system.

(4) High security: The cloud system adopts professional security mechanisms and
encryption technology to protect the security of user data, effectively preventing
the risk of network attacks and data leakage.

(5) Easy to manage: The cloud system adopts automated management technology,
which can achieve automated management and monitoring of computing resources,
improving resource utilization efficiency and management efficiency.

The necessity of cloud based systems lies in the fact that with the rapid develop-
ment of information technology and the continuous increase in information volume, the
computing and storage capabilities of traditional single computers can no longer meet
business needs. Cloud based systems provide enterprises and individuals with an effi-
cient, convenient, reliable, secure, and economical mode of using computing resources.
Cloud based systems can help enterprises achieve low-cost IT resource management and
operation, improve business competitiveness and innovation capabilities; At the same
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time, cloud systems can also promote information circulation, optimize resource allo-
cation, and provide strong support for the sustainable development of the economy and
society.

(1) Economic principles:

As users are billed for computing services, there is a very significant gap in the
cost to be paid for various types of services. In order to ensure that the interests of
both users as well as cloud services are maximized, an optimal allocation of limited
higher-level sports quality teaching resources is required.

(2) Load balancing:

In the context of cloud computing, there are obvious differences in the computing
efficiency and performance of virtual machines, and there are also differences in the
index preferences for tasks and higher-level physical education quality teaching
resources. The main purpose of carrying out load balancing is to comprehensively
improve the utilization rate of high quality teaching resources of senior sports in the
system.

(3) Minimum sharing time:

Set the research objective as the minimum sharing time of higher-level physical
education quality teaching resources, and introduce the corresponding matching
factors as well as load balancing degrees in different tasks and higher-level physical
education quality teaching resources, respectively.

Set the non-negative objective function that represents the solution objective. Among
them, the solid annealing process and the combinatorial optimization problem have
certain similarities, and the main advantages are as follows:

(1) Performing complex region search:
The algorithm is more suitable for searching in complex regions and obtaining
regions with higher region values in them.
(2) Good parallelism:
Through the good parallelism of the algorithm to effectively solve a variety of
nonlinear problems.
(3) Use of object function for search:
The objective function is directly converted into the fitness value to determine
the scope and direction of the next search step.

Since the physical states slowly progress to low-energy states, in order to obtain
better results, the simulated annealing algorithm mainly selects the states containing
important contribution rates in the process of sampling.

Set the randomly generated small displacement changes and the resulting brand new
state to j, mark it as an important state, and set the particle solid to first represent the
position of state i as the initial state with energy of E;. The next state of the solid is i
and j, and the factor ratio corresponding to the probability ratio of the two states can be
expressed as:

(Ei - E})

p() = 1 < E; —E,~> 2)
— exp( -
Z(1) kp(1)
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Set random number A as a numerical value formed by a random number generator,
with a value range of [0, 1]. Since p represents a value less than 1, assuming p > A, it
means that i remains in its current state.

According to Formula (8), it can be seen that at low temperatures, the state with
a small probability of acceptance and a large difference in current energy is mainly
set as an important state; Under high temperature conditions, a new state with a high
probability of accepting a significant energy difference from the current state is set as
an important state.

Calculate the matching degree between the tasks corresponding to each requirement
and the nodes of high-quality teaching resources in vocational sports, analyze the needs
of different users, and add matching factors, then:

1
Match;; = 3)

> 2
Z (Tmi — ij)
i=1

In order to obtain the load balancing degree, a mapping sequence of X representative
tasks and high-quality teaching resources for vocational physical education is set. At this
time, the load balancing degree can be expressed as:

n Y; 2
Load(X) = 1-C— 4
oad (X) ;( ILW) @)

Calculate the computing ability of each high-quality teaching resource node of
vocational physical education through weighted calculation, namely:

Lv; =wy x n(v;) +wz X p(v;) +w3 X r(v;) @)

In the context of cloud computing, in order to achieve high-precision and efficient
sharing, a central database is established to integrate all data from the shared model
into the central database, and to share high-quality teaching resources for vocational
physical education according to certain classification standards. The composition of the
high-quality teaching resource sharing platform for higher vocational physical education
is shown in Fig. 3.

In Fig. 3, the logic of teaching senior sports quality teaching resources sharing plat-
form is built on the basis of physical senior sports quality teaching resources, which pro-
vides additional services and functions such as common middleware, research database,
teaching database, management database, database administrator and workflow manager
on the physical grid by virtualizing various actual senior sports quality teaching resources
on the physical layer, with servers, storage and actual network to provide abstract ser-
vices for the sharing process, such as teaching resource exchange and cooperation, and
the latest material mining for Civic Science and Technology, etc. Meanwhile, all grid
resources above the physical resources are for modeling services and ensure that they are
not integrated and invoked by other applications. The functions realized by each layer
are described as follows:
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Fig. 3. High quality teaching resource sharing platform for higher vocational physical education

(1) Foundation layer

The foundation layer is mainly composed of the shared high quality teaching
resources of higher education sports and the data of each system that provides data
for the shared high quality teaching resources of higher education sports.

(2) Environment layer

It implements the specific application of the model and executes the operation

command after receiving the search demand from the user.
(3) Application layer

It consists of two parts, teaching media and teaching environment, and is the
interface part that feeds the results to the users.

In the case that the complexity and variation degree of shared requirements are
not very large, the reuse of database is used, and the reuse number is large, and the
reuse cost is larger; in the case that the complexity and variation degree of shared
requirements are large, the reuse of knowledge is used, and the reuse number is
small or unpredictable, and the reuse cost is unchanged. In general, the teaching and
learning high quality teaching resources sharing platform developed by the structure
can promote the effective use of high quality teaching resources in high level sports,
and it makes the management of the model easy.

After users log in successfully, they enter the user space. In this module, users
can manage the high quality teaching resources of higher vocational sports and
upload and download the high quality teaching resources of higher vocational sports.
When the user requests the uploading of higher-level physical education quality
teaching resources, the system will check whether the user has the right to upload,
for example, the visitor can’t do the uploading operation. Then through the setting of
user uploading high quality teaching resources for higher level physical education,
the system will match the uploaded high quality teaching resources for that user
according to keywords in the system in order to prevent the duplication of high
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quality teaching resources for higher level physical education, and check whether
similar files exist.

3 Experiment

This experiment was conducted on a computer with a Windows 10 operating system and
2GB of memory. The computer has enough computing power and resources to carry out
the research on distance education data sharing of physical education courses. Select the
teaching data of a certain university’s physical education course for research, obtain the
educational data of its physical education course progress, and complete the acquisition
of data samples. The specific situation of the experiment is as follows:

(1) Collection of high-quality teaching resources for English courses in higher voca-
tional institutions for higher-level sports:

Multiple maintenance points are set in the platform to collect information on
abnormal behavior of the platform, so as to lay a solid foundation for the later
maintenance work of the platform.

(2) Platform data processing:

In order to better identify the abnormal behavior accurately in the massive data,
it is necessary to carry out numerical as well as normalization operations for all
the higher-level physical education quality teaching resources collected from the
platform.

(3) Platform data analysis:

Data analysis is an important process of automatic platform maintenance, mainly
using some specific rules analysis to realize the analysis work of platform data and
determine whether the platform needs to be maintained according to the analysis
results.

(4) Platform response processing:

Through the data analysis results of the platform, it can obtain the usage status of
different users in the platform, and if abnormal behaviors are found in the platform,
the platform needs to take corresponding response measures in time to ensure the
stable operation of the platform.

With the above content set, the corresponding version and data manager can
be selected and assigned to different network transmission nodes, and the version
and data manager are assigned the number of nodes. Each working machine will
be tested 100 times to analyze the aggregated bandwidth of different data storage
structures under high load read and write. The test results are shown in Fig. 4:

In Fig. 4, tested under high load conditions, the metadata without storage structure opti-
mization limits the amount of global aggregation bandwidth, and all of the aggregation
bandwidth of customized courses, online teaching courses, and intelligent recommen-
dation courses data storage structure is improved, which verifies the effectiveness of the
method in this paper.

In order to further verify the advanced nature of the proposed method, reference [3]
method and reference [4] method were selected as comparison methods to carry out
comparative experiments. Test the packet loss rate of data transmission under the back-
ground of data transmission of different sizes, and get the comparison results as shown
in Fig. 5.
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Fig. 5. Cloud platform cloud data transmission packet loss rate comparison knot

As shown in Fig. 5, with the application of the proposed method, the data packet loss
rate is all less than 0.55%, while with the application of the two comparison methods,
the data packet loss rate increases first and then becomes stable with the increase of the
amount of transmitted data, and the packet loss rate is higher than 0.78%, which proves
that the proposed platform has better data sharing effect.

4 Conclusion

The cloud-based platform for sharing high-quality teaching resources of higher-level
physical education can provide a centralized, efficient and convenient information
resource sharing platform for higher-level physical education teachers, help teachers
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achieve interoperability of teaching resources and innovation of teaching methods, and
improve the quality of classroom teaching and the cultivation of students’ comprehensive
quality.

In the future, the construction and improvement of this platform requires the joint
efforts of educational institutions, technology enterprises and government departments
to adopt an open, cooperative and win-win model to actively promote the sharing and
optimization of teaching resources and the overall development of higher education
physical education. At the same time, it is also necessary to further improve the security
and reliability of the technical platform, strengthen teachers’ training and technical sup-
port, and improve teachers’ digital literacy and innovation ability, so that the platform
can really become an effective means to promote the reform of higher vocational phys-
ical education and improve teaching quality. It is believed that through joint efforts, the
cloud computing-based higher vocational physical education quality teaching resources
sharing platform will play an active role in supporting and helping to promote the devel-
opment and progress of higher vocational physical education, as well as to achieve the
goals of educational equity and quality education.
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Abstract. There are issues with intermittent and lagging schedules in the teaching
of employment guidance courses, as well as a lack of professional teachers. Online
teaching can solve these problems. Therefore, in order to better analyze the learn-
ing effectiveness of online teaching in employment guidance courses, a multi task
learning based prediction method for the learning effectiveness of online teach-
ing in employment guidance courses is designed to determine whether learners
have mastered the knowledge content of the employment guidance courses they
are learning. Design a Chinese word segmentation sequence annotation method
based on multitasking learning, implement preprocessing of online teaching data
for employment guidance courses, and improve the generalization ability and
effectiveness of the model. For the data after Chinese word segmentation, an
improved K-means algorithm is used to mine the learning behavior information
of students, thereby discovering potential patterns and patterns hidden in the data.
Propose the EduHawkes model, which adds various types of feature information to
predict learning outcomes based on analyzing student behavior patterns, achieving
online teaching of employment guidance courses and improving the accuracy and
interpretability of learning outcomes prediction. The test method shows that the
accuracy of the method and the Matthews correlation coefficient are both high.

Keywords: Multi Task Learning - Online Teaching of Career Guidance
Courses - K-Means Algorithm - Chinese Word Segmentation - Learning Effect
Prediction

1 Introduction

If colleges and universities want to ensure their overall sustainable development, they
must solve the employment problem of graduates. Only when the school successfully
sends millions of graduates to jobs can it build the cornerstone of a harmonious and
stable society [1]. Therefore, all colleges and universities should regard employment
guidance as a major event. In terms of the current situation of employment guidance
courses in China, there are still the following problems:

There are discontinuities and delays in the time arrangement of career guidance
courses. Employment guidance courses in colleges and universities are generally offered
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in the form of public elective courses. Although the courses involve the teaching arrange-
ment of career planning, employment skills, employment policies and other contents,
due to the lack of attention to employment guidance courses in colleges and universities,
students do not have a deep understanding of the course. In addition, students are under
great pressure to learn professional courses, and often only choose employment skills
employment policy and other courses, while career planning and other knowledge are
often ignored. The teaching effect of employment guidance can not be shown in students’
career development, and guidance only stays on the surface. Although the Ministry of
Education of the People’s Republic of China requires that career guidance and career
development courses be offered in the form of compulsory courses, until now, most col-
leges and universities have changed their career guidance courses to compulsory courses,
but they are still optional. In addition, the career guidance courses of many colleges and
universities only carry out several career lectures in the graduating students, without
systematic and complete career guidance teaching training.

The teaching content of employment guidance lacks professional pertinence and the
teaching form is single.

On the one hand, the content of textbooks is universal; On the other hand, the content
of employment is mostly theoretical and has little practical significance, such as employ-
ment information, employment skills, employment system, etc. At present, the career
guidance courses in many colleges and universities are still dominated by classroom
teaching, lacking diversified teaching methods, which tend to ignore the different needs
of students for the courses, and it is difficult to mobilize learning interests, which is not
practical.

Employment guidance teachers lack professional teachers.

Teachers of employment guidance and career planning should not only have basic
knowledge of employment, occupation, psychology, law, etc., but also have professional
knowledge, be familiar with the characteristics of different majors, and master various
policies and regulations in related fields. At present, the main teachers of employment
guidance courses in most colleges and universities are counselors or staff of employ-
ment guidance centers. The lack of career guidance instructors and professional field
instructors can not accurately grasp the employment situation of various industries,
and the guidance ability is limited, so the employment guidance effect of colleges and
universities is not significant [2].

In order to solve the above problems, online teaching methods of career guidance
courses have emerged. In online teaching of career guidance courses, we need to pay
attention to an important issue, that is, how to judge whether a learner has mastered the
knowledge he is learning. Based on this background, this paper studies the prediction of
online teaching learning effect of career guidance courses.

For the research on the prediction of learning effect, the current research results
have been relatively rich. Some scholars have proposed a prediction method of students’
online learning effect based on rank correlation analysis: for the problem that students
have many online learning behavior characteristics and the accuracy of learning effect
prediction is not high. A feature selection method based on rank correlation is proposed.
By calculating the rank between each behavior feature and learning effect, the corre-
lation degree of each feature and learning effect is obtained. On this basis, multiple
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features with the highest correlation degree are selected to form a new data set, and then
normalization and one pot coding are completed, and machine learning methods and
neural network models are used for training respectively. Finally, the online learning
effect prediction of students is realized. On the publicly published learning data set, the
rank correlation is used for feature selection combined with the multi-layer perceptron
model, and the learning effect of students can be correctly classified, and the F value
is higher than the traditional linear correlation selection method. Other scholars have
proposed a learning process analysis and learning effect prediction method based on
behavior sequence: learning process data reflects the state of learners in the learning
process. Currently, many researches have been conducted on data mining and analysis
of learners’ learning process. Most of these coarse-grained data are based on the energy
and time invested by learners in a certain learning behavior, which can not reflect the
level of learners’ cognitive investment in detail, and some learning behavior data have
low accuracy in predicting learning effects. Compared with learner participation, the
learning behavior sequence in the learning process can better reflect the learning behav-
ior trajectory, willingness and cognitive process of learners. The lag sequence analysis
method is used to analyze the learning process data on the DEEDS platform. It is found
that the lag sequence analysis method can clearly reveal the important learning behavior
sequence; Compared with support vector machine, logistic regression, decision tree and
other data mining methods, naive Bayesian method has good prediction performance,
with an average accuracy of more than 70%. The research results prove that learners’
learning behavior sequence can provide teachers with a more comprehensive online
learning picture to help teachers discover learners’ learning habits, preferences and cog-
nitive processes, assist teachers to reflect on the teaching process, and accurately predict
learners’ learning achievements through behavior sequence data, and then analyze the
key attributes in the prediction model. To provide suggestions for teachers to take tar-
geted intervention measures in the follow-up teaching process, so as to improve the
educational and teaching performance. The above methods exist.

This paper designs a method to predict the learning effect of online teaching of career
guidance courses based on multi task learning.

2 Design of Online Teaching Learning Effect Prediction Method
for Career Guidance Course

2.1 Chinese Word Segmentation Sequence Labeling

Based on multi task learning, a Chinese word segmentation sequence labeling method is
designed to implement online teaching data preprocessing of career guidance courses.
This method uses tag consistency mechanism based on multi task learning to conduct
in-depth training and learning, which is divided into three modules, namely, pre tagging
module, multi task shared learning module, and joint training module [3].

The way of multi task learning can avoid the further spread of errors, and combine
multiple tasks to learn together, making the information exchange between multiple
tasks more convenient, and improving the accuracy and learning efficiency of each sub
task. However, in the previous study, we mentioned that most of the existing Chinese
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word segmentation methods based on multi task learning are based on different data sets
of different tasks, which can only ensure that multiple tasks in form learn together. In
essence, each task is still relatively independent, which will inevitably lead to information
conflicts, excessive noise Information sharing is limited, and very important boundary
information cannot be learned, which affects the final learning effect. In order to solve
the above problems and make it possible to learn tag consistency information, this study
adds a pre labeling module to enhance the learning of available labeled resources and
alleviate the pressure of data shortage.

First, the original named entity dataset, word segmentation dataset, and part of speech
tagging dataset are recorded as:

Myer = {my’} (1
Mews = || @)
Mpos = {m”’} 3

among mj’?” Represents the number of j Samples; mjws Represents the No j Samples;

mf " Represents the number of POS data sets j Samples.

Then, we use the M5, Mpos Train the corresponding word segmentation device and
part of speech tagging device. Next, the benchmark data set M,,., The original samples
in are de labeled and processed into plain text format. The trained word segmentation
device and part of speech tagging device are used to perform word segmentation and
part of speech tagging operations based on word granularity. Since the four word tagging
method is used in the experiment, the four word segmentation tagging based on word
granularity is required for the results obtained. Since the named entity data set uses a
three word bit {B, I, O} tagging system, in order to achieve tag alignment, the four word
bit word segmentation is labeled {B, M, E, S}, which is also converted into {B, I, E,
S}, and the part of speech tag is also processed accordingly. For example, if the tag
representing the part of speech of a noun is n, then the tag of a two word noun is {B-n
I-n}, which is split and mapped to each word [4].

Finally, extract the final obtained word segmentation and part of speech tags, inte-
grate the tags and align them to the benchmark NER dataset, and then obtain a special
multi task learning dataset that neatly corresponds to the three task tags at the same time.
As shown in the example in Table 8, in case of ambiguity in the pre labeling process,
the label of the datum named entity identification data set shall prevail for alignment.
For example, the person name entity <Wang Xiaoming> may get the segmentation of
<Wang|XiaolMing> and the word segmentation label of <B B B> after word segmen-
tation, which does not correspond to the original NER label <B-PER I-PER I-PER > on
the border. In this case, we modify the word segmentation label to <BIE> , that is, the
entity boundary shall prevail.

After the above processing, we get that the pre labeled dataset is recorded as:

S = {si} “4)



Prediction Method of Online Teaching Effect 21

One sample s It is composed of character set, character named entity recognition
label, word segmentation label and part of speech label.

On the basis of the pre labeling module, a multi task shared learning module is
constructed, that is, joint learning for multiple tasks. The multi task shared learning
module includes two parts: the shared presentation layer and the sequence decoding
layer. In the following description, the input sequence is recorded as:

B ={bi,by,..., by} )

among b, Representation sequence B Of n Words. B Represents the input of a special
data set D that is pre labeled.

(1) Shared presentation layer
1) BERT layer

Traditional static word vectors are usually unable to represent polysemy of a word.
In this stage, a pre training language model based on BERT is selected for feature
learning to represent context sensitive semantics. For the input sequence, the sequence
is uniformly processed into the form that the start token is the special category embed
character “[CLS]” and the end is the special separator character “[SEP]” for encoding.
BERT uses the self attention mechanism to learn the dependency relationship and context
semantics of each word with other words, and then uses feedforward neural networks
to perform projection transformation of multiple different linear transformation pairs on
the input after the Attention calculation, and finally obtains the overall information of
the sequence. After the BERT layer coding calculation, the input sequence will be B The
conversion is recorded as:

F={fi.fo .. fa) (6)
2) BiGRU layer

On the basis of the BERT layer, we add a two-way gating cycle unit layer (BiGRU
layer) to further learn about information sharing between multiple tasks. Output sequence
of BERT layer F' = {f1,f>, ...,fu} As the input of the BiGRU layer, for the input of
the time r process, the update gate zrand reset gate rrjointly determine the output of the
hidden state. Record the output of two-way GRU forward and backward hidden layers
as Jyont» Jpack, remember that the final output vector is J.

(2) Sequence decoding layer

On top of the shared presentation layer, we will build a sequence decoding layer
according to the characteristics of the task, and decode for different tasks. In order to
model the adjacency between tags, conditional random field is selected as the decoding
model.

This paper proposes a tag consistency mechanism throughout the whole training pro-
cess based on multi task learning Chinese word segmentation sequence tagging method.
In the joint training module, the specific application of tag consistency mechanism is
reflected in the loss calculation. For the problem of whether the decoding tags of different
tasks are consistent, a more universal method [5] is defined.
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Specifically, we first defined the loss function as shown in Formula (7):
loss = w1 * leys + w2 * lpos + @3 * lper + @4 * Leon @)

In Formula (7) leyws, lpos, lner The losses of word segmentation task, named entity
recognition task and part of speech tagging task are calculated respectively based on the
standard (ground truth) label of their respective tasks;l.,, It is the supplementary loss
defined according to the tag consistency mechanism, representing the loss of cross task
tag consistency; wy, w2, w3, w4 representative leyy, lpos, luer, leon Weight of.,

By optimizing this loss, the model can grasp more boundary information and learn
the consistent content of multi task decoding tags, such as the alignment between the
boundary of word segmentation tags and the boundary of entity tags and part of speech
tags, which to some extent alleviates the problem of non-standard definition of word
segmentation standards. On the basis of special data sets. The network is adjusted and
updated through the calculation of loss, which further emphasizes the consistency and
reduces the error caused by the noise of multi task learning, so as to realize the effective
sharing and fusion of multiple information under the multi task learning mode.

2.2 Information Mining of Students’ Learning Behavior

The improved K-means algorithm is used to mine the information of students’ learning
behavior from the online teaching data of career guidance courses labeled with Chinese
word segmentation sequence.

As a partition based clustering algorithm, K-means algorithm is widely used for
its advantages of easy understanding, easy implementation, and strong interpretability.
However, K-means algorithm also has some shortcomings, such as the number of clusters
K value needs to be manually set, too large or too small value of K will affect the clustering
effect, the initial cluster center is randomly determined, more sensitive to isolated points,
etc. These shortcomings will affect the final effect of clustering, resulting in poor stability
and quality of clustering results. The K-means clustering algorithm is optimized and
improved from multiple factors. The main idea of the heuristic method is to solve how
to deal with the next step according to the empirical rules. In the iterative calculation
process of clustering, this study uses the heuristic method to reduce the calculation
time required for sample point allocation and improve the operation efficiency. In each
iteration process, a simple data structure is used to store the distance between each point
and its nearest cluster. In the next iteration process, first calculate the distance between
each point and its previous nearest cluster. If the new distance obtained by calculation
is less than or equal to the previously saved distance, then the point will remain in the
original cluster, and there is no need to calculate the distance between the point and other
clusters. This saves the calculation time [6] of the distance between this point and other
clusters.

Aiming at the problem that K-means algorithm is sensitive to outliers, this research
first optimizes the iterative calculation process of K-means++ algorithm based on
heuristic method, which improves the calculation speed of K-means++ algorithm, and
then combines the optimized K-means++ algorithm with LOF method to improve the
operation efficiency of outlier detection algorithm.
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The main idea of the maximum minimum distance algorithm is to set the distance
threshold, and then determine the initial cluster center. The maximum and minimum
distance algorithm is used to determine the initial cluster center, as shown in Formula

(8).

h = max{w(i, j)}
i=12,...,p (8)
j=12,...,q

among w(i, j) Represents a data object x; The minimum distance from the existing initial
center point; p Remove the number of samples selected as the initial cluster center from
the dataset; ¢ The number of initial cluster centers selected for yourself.

In K-means algorithm, if a very isolated sample point is determined as the initial
cluster center, poor clustering results will be obtained.

In this study, the idea of maximum and minimum distance is combined with the
improved outlier detection algorithm to select the initial cluster center. First, the opti-
mized outlier detection algorithm is used to detect outliers, and at the same time, the
candidate set of outliers and the set of outliers are obtained. The set of outliers is deleted
from the original dataset and stored temporarily to avoid the impact of outliers on the
final clustering results. Then, based on the candidate set of outliers, select the first two
initial cluster centers, calculate the distance between all the points in the candidate set
of outliers, and find the two points that are farthest away as the initial cluster centers.

Based on the above improvement ideas, this paper first determines the number of
clusters by combining the elbow rule and the contour coefficient method to avoid the
impact of artificially specified cluster numbers on the clustering results, and then con-
ducts outlier detection based on the improved outlier detection algorithm to avoid the
adverse impact of outliers on the final clustering results. At the same time, the initial
cluster center is selected step by step based on the candidate set of outliers and the idea
of maximum and minimum distance, avoiding the impact of random selection of initial
cluster center on the clustering results, and ensuring the stability of clustering results
and the quality of clustering results. The improved clustering algorithm is as follows:

Input: set E of n data points.

Output: clustering result cluster.

1. Elbow rule and contour coefficient method determine the clustering number U of
dataset E1;

2. Use the improved outlier detection algorithm to detect outliers, and obtain “outlier
candidate set” E2, “outlier set” E3;

3. Obtain U initial cluster centers Centroid in E2, E3, El according to the improved
method;

4. For each point ejin E, find the centroid cj € Centroid nearest to it, and assign ejto
cluster j;

5. Order:

{ Clusterld[i] = j ©)

NearestDist[i] = w(ej, cj)
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6. While does not meet the convergence condition

7. For each cluster ClusterDict, calculate the new centroid CentroidDict;
8. Reassign each sample point to the nearest cluster;

9. End

Although the improved clustering algorithm spends extra time in selecting the initial
cluster center, the number of iterations is reduced, and the calculation time of the iterative
process is also reduced. In terms of running time, for small data sets, the improved
algorithm is basically consistent with the original K-means algorithm, or reduced; For
large data sets, it is slightly higher than the original K-means algorithm, but the optimized
clustering algorithm not only has a very stable clustering result each time, but also has
a better clustering effect [7].

2.3 Design of Learning Effect Prediction Model

The current research mostly uses exam scores as the standard to evaluate students’ learn-
ing effect, but the impact of exam scores on learning effect in online learning is limited.
Students obtain knowledge by watching videos on online learning platforms, resulting in
a large number of learning behaviors being ignored by existing research methods. At the
same time, the current research lacks the description of other characteristics, which limits
the effectiveness of the prediction process. In view of these two problems, EduHawkes
model is proposed. Based on the analysis of student behavior patterns, various types of
characteristic information are added to predict the learning effect, so as to realize the
prediction of online teaching learning effect of career guidance courses.

Firstly, the learning behavior sequence is input into the new Hawkes process to obtain
the learning behavior representation vector. Secondly, the student and curriculum feature
vectors are used as input, and the fusion feature vector is obtained through the counter
position multiplication between the feature vectors. Finally, the fusion feature vector
and the learning behavior representation vector are input into the classification model
for classification after the counter position addition operation.

EduHawkes model is shown in Fig. 1. The model consists of three parts: rep-
resentational learning behavior sequence, feature fusion and classification prediction
[8].

At present, the commonly used sequence representation methods are based on the
most basic deep learning model, which has poor interpretability and will lose the informa-
tion implied in the sequence. The new Hawkes process makes up for these two shortcom-
ings of the current representation methods. It not only inherits the high interpretability
of the Hawkes process, which can represent and model online learning modes, but also
has the ability of deep learning and autonomous learning implicit features, bridging the
gap between sequence understanding and prediction in traditional methods.

The learning behavior sequence is constructed based on the mining data, and then the
unlabeled training set (that is, all the behavior events on the sequence) is trained through
the new Hawkes process. Finally, the multi-dimensional learning behavior representation
vector is obtained by inputting the learning behavior sequence and outputting it.

In reality, it often happens that different students make similar learning behaviors,
but their learning effects are quite different. The cognitive state of students in learning
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Fig. 1. EduHawkes Model

is restricted by many factors. Therefore, when the model is used to predict the learning
effect, if it is only based on the data of students’ learning behavior, the interpretability of
the model will be poor. To solve this problem, this paper extracts student and curriculum
features from the data set as new inputs to the model, so that the model can incorporate
new features to obtain more ideal prediction results [9].

In the process of online learning, the interaction between students and online tutor-
ing platform is the basic way of learning and the main form of student characteristics.
According to the type of interaction, it can be divided into three categories: assessment
interaction, learning content interaction, and interpersonal interaction. At the same time,
attention is also one of the cognitive factors that affect learning. A large number of litera-
tures have discussed the impact of the Internet environment on the attention mechanism,
pointing out that attention has become a scarce resource in the Internet era full of infor-
mation and information, which is easy to disperse and dissipate, thus causing cognitive
problems. The impact of the Internet environment on learning attention investment has
gradually attracted attention in the education field. The attention situation of online learn-
ing restricts the online learning effect of students. Therefore, when selecting students’
characteristics through data sets, this paper takes into account the characteristics related
to students’ attention while selecting interaction type characteristics. The classification
description of students’ main characteristics is shown in Table 1:

Although online tutoring platform has massive teaching resources, it also brings
a series of problems, such as uneven course quality, which brings some problems to
students when choosing courses and affects their learning efficiency. Therefore, when
selecting course features through data sets, this paper selects the features most relevant to
course quality, which are mainly divided into three categories: course attributes, course
popularity, and course assessment. The main features of the course are shown in Table 2:
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Table 1. Classification of main characteristics of students

S/N Characteristic type Characteristic description

1 Appraisal interaction Number of exams

Number of classroom quizzes

Number of job submissions

2 Learning content interaction Times of watching online video

Interpersonal interaction Number of theme posts published

Number of posts viewed

Number of comment posts

4 Attention related Preferred course type

Students’ knowledge background

Table 2. Classification of main characteristics of courses

S/N Characteristic type Characteristic description
1 Course Properties Course category
2 Popularity of courses Number of liked courses

Number of course comments

Cumulative number of viewers of the course

3 Course assessment Completion rate of course examination

Submission rate of course assignments

After selecting specific student and course features, the features need to be extracted
from the corresponding data set. Unique heat coding is a common method of feature
extraction. Calculate the total number of features N, and each feature can be represented
by a vector consisting of N-1 zeros and a single 1. However, there are two problems in
doing so: 1. If there are many features, the transformed vector will have a huge dimension
and be too sparse. The performance of deep learning for sparse input is not good. 2. Since
maps are independent of each other, they cannot represent the relationship between
different features. Considering these two problems, the method of feature embedding
is used to express each feature in vector form with less dimensions, and to express the
relationship between features, so as to better represent the feature space. Feature fusion
is composed of two parts, namely, student feature vector and course feature vector. The
student characteristic matrix is as follows:

1 12 - tn
T |12 2n (10)

Iml tm2 *+* tmn
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In Eq. (10) m Indicates the number of students, n Represents the dimension of
student vector. Take out each row in the matrix, and the eigenvector of each student can
be expressed as:

t=[tm1, tm2, - - -, tnn] (11)

Similarly, the curriculum characteristic matrix can be expressed as:

diy dip -+ din
Do | 1 d2dn (12)
dp1 dp -+ dyn
The eigenvector of each course can be expressed as:
d=[dm1, dm2, ..., dmn] (13)

Finally, according to the current behavior sequence, the corresponding student feature
vector and course feature vector are taken out and multiplied to get the fusion feature
vector, as shown below:

Uy =t ®d (14)

As mentioned above, it is believed that the prediction results of students’ learning
effects will be affected by learning behavior patterns, student characteristics and cur-
riculum characteristics. Based on this idea, after obtaining the representation vector of
the learning behavior sequence using the new Hawkes process, select the fusion feature
vector obtained with the above, and perform the addition operation to form a new vector
as the input of the classification model. The feature operation process is shown in Fig. 2:

Before the learning effect prediction results are output through the classification
model, the full connection layer needs to be used for processing. The full connection
layer is a linear combination of data without considering the nonlinear nature of the
activation function, which can also be called “linear layer”. The formula is as follows:

Y=EX +g (15)

In Eq. (15) Y Refers to the function dependent variable; X Refers to the function
independent variable;E Means a linear function; g It refers to the offset vector with
dimension n. This paper sets the dimension of n as 2 or 4 dimensions [10] for different
classification tasks.

The output of the linear layer is sent into the softmax function for probabilistic
classification, and the output of multiple neurons is mapped into the interval of (0,1),
which is analyzed in the form of probability, so as to realize the classification task.
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3 Example Application

3.1 Experimental Process

This paper tests the performance of the online teaching and learning effect prediction
method of the career guidance course based on multi task learning.

Data preprocessing refers to a series of data processing before the experiment. At
present, most of the data obtained through the teaching platform are incomplete, and
there are inconsistent problems in the format, so it is impossible to directly input the
model for experiments. There are many ways to preprocess: data cleaning, datareduction,
data transformation, etc. The application of these processing technologies has greatly
improved the quality of data and the accuracy of experimental results.

Data preprocessing has a great impact on the results of learning effect prediction,
because the original dataset contains a lot of data unrelated to video viewing behavior,
including the case of characters, spaces, special letters, etc. In order to reduce the impact
of data on the experimental results and make the data more concise, the rules shown in
Table 3 are used to process the data.

The data set is processed according to the above rules. Each behavioral data after
processing is composed of the elements shown in Table 4, which are: user ID, video ID,
behavioral type, timestamp, video start time and video end time.

First, the Chinese word segmentation sequence tagging method based on multi task
learning is used to implement the preprocessing of Chinese word segmentation of experi-
mental data. Then the improved K-means algorithm is used to mine the learning behavior
information of students. Finally, through the designed EduHawkes model, on the basis
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Table 3. Data Preprocessing Rules

S/N Data preprocessing rules Data preprocessing method

1 Unrelated data processing Eliminate irrelevant behavior data

2 Special letter processing Delete special letters contained in the dataset
3 Data segmentation Split the log data

Table 4. Data Composition

S/N label explain

1 v_end_t Video end time

2 v_start_t Video Start Time

3 t_s time stamp

4 stu_beh_t Video viewing behavior type
5 video_id Video ID

6 user_id User ID

of the analysis of student behavior patterns, various types of feature information are
added to predict the learning effect, so as to realize the prediction of the online teaching
learning effect of career guidance courses.

The design method evaluates two key applications in the field of online learning:

(1) Evaluation of learning effect
(2) Slack student identification

Evaluate the performance of the model in learning effect evaluation task and slack
student identification task through the following indicators:

(1) Accuracy
(2) Matthews correlation coefficient

3.2 Comparison Method

In the test, the online learning effect prediction method based on rank correlation analysis
and the learning process analysis and learning effect prediction method based on behavior
sequence are used as comparison methods, which are represented by method 1 and
method 2 respectively.

3.3 Test Results

3.3.1 Accuracy Test Results

The design method and the accuracy test results of method 1 and method 2 are shown
in Table 5.
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Table S. Accuracy Test Results

Mining data volume (GB) Accuracy (%)
Design method Method 1 Method 2

50 92.30 86.20 82.24
55 92.57 86.31 82.30
55 92.78 86.40 82.54
60 92.95 86.65 82.78
65 93.04 86.74 82.86
70 93.21 86.88 82.92
75 93.47 86.96 83.06
80 93.63 87.08 83.20
85 93.75 87.25 83.37
90 93.95 87.45 83.48
95 94.07 87.50 83.62
100 94.24 87.61 83.85

According to the test results in the table above, the accuracy rate of the design method
increases with the increase of the amount of mining data, and its accuracy rate is higher
than the test results of method 1 and method 2 in the same period. The main reason
is that the method proposed in this article is based on multitasking learning to design
a Chinese word segmentation sequence annotation method, which implements prepro-
cessing of online teaching data for employment guidance courses, thereby improving
the generalization ability and effectiveness of the model.

3.3.2 Matthews Correlation Coefficient Test Results

The Mathews correlation coefficient test results of the three methods are shown in Fig. 3.

According to the test results in Fig. 3, the Mathews correlation coefficient of the
design method is significantly higher than that of Method 1 and Method 2, indicating
that its prediction performance is better. The main reason is that the design method uses
an improved K-means algorithm to mine the learning behavior information of students
in the data after Chinese word segmentation, thereby discovering potential patterns and
patterns hidden in the data.

Select 10 freshmen and 10 sophomores each, extract their behaviors related to online
teaching in employment guidance courses, and analyze their comprehensive scores of
employment guidance courses after using online teaching methods. The results are shown
in Table 6.

According to Table 6, the difference between the predicted scores of the method
applied in this article and the corresponding students’ historical scores is less than 1.5
points. It has been proven that the online teaching and learning effect prediction method
for employment guidance courses based on multitasking learning adds multiple types of
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Fig. 3. Test Results of Matthews Correlation Coefficient

Table 6. Comprehensive Scoring of Employment Guidance Courses

Freshman | Historical Score | Predicted Score | Sophomore | Historical Score | Predicted Score
1 91.5 92.0 1 93.0 94.0
2 96.5 97.0 2 94.0 95.0
3 80.5 81.0 3 97.5 97.0
4 79.0 80.0 4 90.5 90.0
5 69.0 70.0 5 84.5 84.0
6 70.0 71 6 83.5 83.0
7 81.0 82.0 7 75.5 75.0
8 63.5 64.0 8 79.0 80.0
9 71.5 72.0 9 69.0 70.0
10 61.5 62.0 10 64.0 65.0

feature information to the EduHawkes model for learning effect prediction, achieving
the prediction of online teaching and learning effect for employment guidance courses,
improving the accuracy and interpretability of learning effect prediction, and having
good prediction effects.

4 Conclusion

This paper takes the representation of learning behavior as the main line of the research,
and takes the prediction of learning effect as the main research goal. It designs a predic-
tion method of online teaching learning effect of career guidance courses based on multi
task learning. The design method demonstrated good performance in predicting learn-
ing outcomes. The experimental results show that the accuracy of the design method
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gradually improves with the increase of mining data volume, and the overall accuracy
is relatively high. In addition, the Matthews correlation coefficient of the design method
is also significantly high, indicating that the model can accurately capture the correla-
tion between students’ learning behavior patterns and features. At the same time, the
difference between the predicted score after the application of this method and the cor-
responding student’s historical score is less than 1.5 points, which further verifies the
accuracy and stability of the model.

However, despite the excellent performance of design methods in predicting learning
outcomes, there are still some areas that need improvement. Future research should
focus on addressing the following issues: how to better utilize multiple types of feature
information to further improve prediction performance; How to combine knowledge
and technology from other fields to further optimize prediction results. By addressing
these issues, the accuracy and practicality of predicting the learning outcomes of online
teaching in employment guidance courses can be further improved.
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Abstract. Traditional fault diagnosis methods usually rely on the experience and
knowledge of professional technical personnel, which makes fault diagnosis often
difficult and complex for non professionals. The design and research of computer-
aided teaching systems aims to provide a more intuitive, interactive, and visual way
to assist in fault diagnosis by combining computer technology and teaching meth-
ods. In order to improve the stability, user satisfaction, and information security
of computer-aided teaching systems, a web-based fault diagnosis computer-aided
teaching system is designed. Build a three-tier system structure based on B/S mode,
including user interface layer, business logic layer and data access layer, focus on
the design of foreground function module and background management module,
so that the system has foreground and background management, online communi-
cation, data download and other functions, and select SQL Server 2000 as the sys-
tem database. On the basis of hardware design, traditional genetic algorithms are
improved to comprehensively consider the equality of teaching resource selection
and the priority selection mechanism of local teaching resources in the selection
of genetic genes, improve system work efficiency, and achieve user satisfaction
in practical results. The experimental results indicate that the user satisfaction of
this system is higher, and the system crash rate and personal information leakage
rate are lower.

Keywords: Web - Fault Diagnosis - Assisted Teaching - Improved Genetic
Algorithm - B/S Structure

1 Introduction

With the rapid rise and wide application of computer technology, multimedia technology
and network technology, educational technology has entered a new stage of development,
from traditional blackboard, tape recorder, slide and other conventional teaching mode of
media means to multimedia teaching means based on computer and network technology.
It has made a qualitative leap in learning style and educational design [1]. However, the
rapid popularization of the network and the development of multimedia technology only
provide the basic conditions for the network teaching, and it is not an easy thing to realize
the network teaching. It has become a very necessary and urgent topic to make use of
existing conditions and technologies to research and develop network assisted teaching
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systems that cooperate and complement each other with classroom teaching, to perfectly
integrate classroom teaching and network teaching, to give full play to the auxiliary role
of network in teaching, and to gradually improve online teaching technology and cultivate
online teaching atmosphere [2, 3].

Reference [4] designed an embedded computer remote assisted teaching system
based on web technology. The system hardware consists of memory, central process-
ing unit, input device, and output device. The memory includes teacher side memory
and student side memory. The central processing unit mainly consists of three parts:
logic unit (ALU), control unit, and input/output unit. The software designs web server
programs and database programs separately. To verify the effectiveness of the teaching
system, a comparative experiment was designed, and the results showed that the sys-
tem can effectively expand the auxiliary range and shorten the auxiliary time, but its
security performance is poor and personal data information is easily leaked. Reference
[5] designed a computer-aided classroom teaching system based on data mining. The
data storage includes three parts: SARM storage, CD-ROM, and hard disk. An OLAP
server is arranged, and a switch is used to integrate front-end tools and applications. On
the basis of completing the hardware design, the massive information in the data source
is classified using functions, and the hidden layer is calculated through the number of
neurons to complete the design of a computer-aided classroom teaching system based
on data mining. The experimental results show that the system has a higher number of
concurrent users and a faster information retrieval time, but the sense of user experience
is not strong, and the user satisfaction is not high. Reference [6] designed a method based
on. NET platform of interactive electronic technology computer-aided teaching system,
the system hardware structure by the user interface layer, business selection layer and
data management layer of three layers of structure system. Teachers, students and other
users enter their identity information in the user interface layer, log in to the system
and enter the business selection layer, and click the corresponding program according to
their application requirements. The business selection layer transmits the user selection
instruction to the data management layer, and the data management layer selects the
corresponding resources according to the user’s requirements and feeds back to the user.
The interactive mode of the system is mainly embodied in interactive teaching and infor-
mation interaction. Interactive teaching is embodied in online teaching between teachers
and students, and information interaction is embodied in information transmission. After
testing, the system has strong anti-pressure ability and can respond to a large number of
users’ application instructions in real time, but the system has a high breakdown rate.

In response to the shortcomings of traditional auxiliary teaching systems, this article
designs a web-based fault diagnosis computer-aided teaching system based on Web
technology. The innovative points of this system design method are as follows:

(1) This system adopts a three-layer B/S architecture. Compared with the C/S architec-
ture, the B/S structure does not increase any maintenance and upgrading workload
regardless of the size of users or the number of branches, saving a lot of manpower
and time.

(2) Design the front-end functional module and back-end management module of the
system, and select SQL Server 2000 as the database of the computer-aided teaching
system.
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(3) On the basis of traditional genetic algorithms, the selection of genetic genes com-
prehensively considers the equality of teaching resource selection and the priority
selection mechanism of local teaching resources, in order to improve work efficiency
and achieve practical results that meet user satisfaction.

2 System Hardware Design

The computer aided instruction system designed in this paper uses modern information
technology, based on a variety of media teaching resources and interactive means, to
provide a good network learning environment centered on learners’ independent learn-
ing. It fully embodies students’ learning as the center, through providing various support
services in the learning process of students, on the basis of improving the learning
effect, to cultivate students’ autonomous learning ability, collaborative learning ability
and practical innovation ability.

2.1 System Mode Selection

Computers are the material foundation for designing web-based fault diagnosis
computer-aided teaching systems. In the process of computer-aided teaching, computers
serve as communication media between teachers and students. Web server is currently the
most widely used and comprehensive type of server, based on Web technology. It refers
to a computer program that provides teaching information browsing for web-based fault
diagnosis computer-aided teaching systems in corresponding network environments.
Students and teachers can send teaching requests, teaching files, and other data infor-
mation through the server [7]. Generally speaking, a web server includes four working
processes: establishing a connection, sending a request, issuing a response, and closing
the connection. The working principle is shown in Fig. 1.
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Fig. 1. Working Principle of Web Server

In Fig. 1, the established connection is realized by connecting the Web server and the
browser through network protocol. The user can log in the browser to check whether the
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connection is completed. Sending requests means that users send requests to Web servers
through browsers, such as login requests, access requests, teaching requests and other
required requests. After receiving the request, the Web server uses related algorithms to
calculate and process the request, and finally transmits the result to the browser through
the network protocol, and displays the request content while displaying the result. After
the response is complete, disconnect the Web server from the browser and maintain and
upgrade the Web server.

Previously, web-based systems often adopted two forms of architecture: C/S mode
and B/S mode. Although the traditional C/S architecture adopts an open mode, it is only
a level of openness in system development. In specific applications, both the client and
server sides still require specific software, which fails to provide users with the open
environment they truly expect. The B/S architecture products clearly demonstrate more
convenient features [8]. No matter how large the user scale is or how many branches
there are, there will be no additional maintenance and upgrading workload. All operations
only need to be carried out on the server. If it is in a remote location, the server can be
connected to the internet for immediate maintenance and upgrading, making upgrading
and maintenance easier and simpler to use, saving a lot of manpower and time. Therefore,
this system adopts a B/S structure.

The typical B/S mode application system network structure is shown in Fig. 2:

o
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Fig. 2. B/S structure diagram

2.2 System Architecture

Based on the comparison of the advantages and disadvantages of C/S structure and
B/S structure, this system adopts three layers of B/S architecture: user interface layer,
business logic layer, data access layer.
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(1) The user interface layer runs through Microsoft Internet Explorer or its compatible
browser. Students, teachers and administrators operate on this layer.

(2) The business logic layer receives the user request input from the user interface layer,
converts it into a way that the business logic process can understand, sends the
data request to the data layer in an orderly manner according to the specific business
logic, combines the data interpretation returned by the data layer into the information
required by the user, and returns to the user interface layer. It is the core of realizing
and processing business logic in the whole application software system [9]. Business
logic layer is located in the Web Server and application server, in the server running
Windows 2000 Server operating system, using ASP technology to develop all the
system applications are placed on the server, when the user request comes, the Web
server will request to the application.

(3) The data access layer is mainly the operation layer of the original data (database or
text file and other forms of data storage), not the original data, that is, the operation
of data, not the database. It manages data and provides a standardized open access
interface to the business logic layer. The data access layer is located on the database
server, where SQL Server 2000 runs. All databases of the system are placed on the
server and managed by SQL Server 2000. This structure is conducive to system
maintenance and load balancing, while also ensuring information security.

The system architecture diagram is shown in Fig. 3: The user interface layer receives
input requests submitted by users, accesses the business logic layer, obtains access
results, and sends them to users.

User interface layer

student teacher

Business logic

user authentication  autonomous learning

'

Data access layer

database

Fig. 3. System Architecture Diagram

2.3 Functional Module Design

The system is designed and developed using B/S mode, which can provide a comprehen-
sive teaching system for teachers’ auxiliary teaching and online course release; Students
can query the teaching plans and video tutorials published by the teacher in the system,
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and complete the practical training tasks of the relevant courses [10]. As a fault diag-
nosis training auxiliary teaching system, this system must have the following functions:
front-end and back-end management, online communication, data download, and other
functions. The following is the specific process of designing system functional modules:

(1) Front desk function module

The front-end users mainly perform operations such as logging in, registering,
self-testing exercises, asking questions, downloading lesson plans, and entering virtual
classrooms. The functional module diagram is shown in Fig. 4.

entering a virtual
classroom

download lesson plans

self test exercise

Fig. 4. Schematic diagram of the front-end functional module of the system

user

The foreground function module mainly includes the following functions:
1) Students log in

In order for the fault diagnosis computer aided instruction system to record the use
of each student in detail, there must be a user login function. Specifically for the login
module of the fault diagnosis training teaching auxiliary system, the addition of new users
(teachers and students) is directly set by the system administrator in the background,
and does not accept the user registration in the foreground.

2) Browsing function of teaching courseware and practical training tasks

Each student can click the relevant links in the system to learn the corresponding
teaching courseware and browse the training tasks. On the one hand, this helps stu-
dents consolidate the knowledge they have learned, on the other hand, it helps students
understand the needs of fault diagnosis in work from the perspective of practical training.

3) Download function of teaching courseware and practical training materials

Each student can search for the teaching courseware or training task materials they
want to download in the system, and then download them locally for offline learning.
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4) Upload graphic and video tutorials

Both teachers and students can upload resources such as graphic and video tutorials
through the front desk, fill in the title when logged in, and set the classification and
upload type to upload. After uploading, student users need to go through the administra-
tor’s backend review before publishing, while teachers can directly upload and display
teaching resources on the front desk.

5) Online communication

If students encounter questions they do not understand during the learning process,
they can go to the online communication bar to send out questions and wait for answers
from teachers or other classmates. They can search for questions through keywords. In
the logged in state, users can easily post replies to view the content of their posts.

6) Member center management

Both teachers and students can log in to the member center to manage related matters,
including memos, messages, teaching courseware, homework, training tasks, etc.

7) System Bulletin

System administrators can release, modify, delete and other operations of announce-
ments in the background, and then the foreground user first time to understand the latest
announcement content.

(2) Background management module

When the system administrator and teacher log in to the background management
page, the authentication of the system administrator and teacher is added. Once the user
name and password information in the session is empty, it indicates that the teacher or
administrator has not logged in. At this time, a dialog box will pop up, indicating that the
user has not logged in. If the login succeeds, you can enter the background to manage the
system. The system administrator can recommend the top of the fine course, key training
tasks, can delete expired, useless content, can batch reply to students’ questions.

Background management flow chart is shown in Fig. 5.

2.4 Database Technology

The computer-aided teaching system, like other Web-based systems, cannot do without
the support of a backend database. The backend database is mainly used to access various
information and data on the website, such as using a student data table in the database
to save various basic information of students, using a test question table to save various
test question information, and using a message table to save message information. The
database is the basic guarantee for realizing the system’s dynamic interaction function.
In the selection of backend databases, different requirements can be met by selecting
different databases. Currently, Access and SQL Server are two commonly used database
management systems.
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Fig. 5. Schematic diagram of system backend management module

Access is a desktop database management system, it is simple to operate, easy to use,
the whole system only needs a “*.mdb” database file to achieve the storage and Access
to the data, when the website data volume is small, the page view is small, can choose
Access, but when the system data volume is large, the number of visitors, Access has
certain limitations.

SQL Server 2000 is a high-end database management system and is currently one of
the most popular database service systems. SQL Server itself is a member of Microsoft
office components. It is organically combined with other Microsoft software (Win-
dows Server, Internet Information Server, etc.), and makes full use of the services or
functions they provide (such as security management, event log, performance moni-
tor, memory management, asynchronous, etc.); SQL Server 2000 also provides built-in
data replication capabilities, powerful management tools, and an open system architec-
ture; The SQL Server 2000 relational database engine supports the functions required
by today’s demanding data processing environment. The database engine fully protects
data integrity and provides more secure and reliable storage functions for relational
data and structured data. It has a good set of security control mechanisms to ensure
the security of databases and data in databases and prevent some problems, such as, It
can prevent multiple users from attempting to update the same data at the same time;
SQL Server 2000 can provide the database services required for ultra large systems, and
can simultaneously manage thousands of concurrent operations to minimize the user
cost of modifying the database, thus occupying the least system resources. Overall, the
computer-aided teaching system designed in this article uses SQL Server 2000.

3 Improve the Application of Genetic Algorithm in Computer
Aided Instruction System

Through the above steps, the hardware design of computer aided instruction system for
fault diagnosis based on Web is completed. Then, from the point of view of algorithm
design, the system of this paper is further improved. The computer aided instruction



Design of a Web-Based Computer-Aided Teaching System 41

system for fault diagnosis based on Web is oriented to more users and contains more
extensive resources. In the face of many users’ differentiated requests for massive data,
it is very difficult to design computer aided instruction system for fault diagnosis based
on Web, and the main difficulty lies in how to improve user response efficiency. On the
basis of traditional genetic algorithm, various kinds of teaching resources are optimized
and classified respectively. In the selection of genetic genes, the equality of teaching
resources selection and the selection mechanism of local teaching resources are consid-
ered comprehensively, so as to improve the work efficiency and achieve the actual effect
of user satisfaction.

The Web - based fault diagnosis computer aided instruction system improves the
traditional genetic algorithm in task scheduling. The key gene selection link in the
genetic process increases the constraint mechanism which combines the equality of
access resources and the principle of local resource preference.

(1) Chromosome coding and decoding

Based on the comprehensive analysis of the characteristics of direct chromosome
coding and indirect chromosome coding, combined with the characteristics of Web-based
computer-aided teaching system for fault diagnosis, the resource-task based indirect cod-
ing method is selected here: the number of subtasks is taken as the length of chromosome,
and the number of genes in chromosome is taken as the number of resources allocated
by corresponding subtasks. Assuming that the number of tasks facing the system is K,
the number of processing points is M, and the assignment of tasks at a is TaskNum(a),
then the total number of subtasks can be calculated by formula (1):

K
SumTaskNum(a) = Z TaskNum(a) (D

a=1

Next, these tasks need to be renumbered, as shown in formula (2):

K
N =" TaskNum(a) + k )

a=1

Finally, the completion time of each job and the total completion time of all jobs are
calculated by decoding the data, ETC matrix and DTC matrix.
The calculation method of completion time of each assignment ¢ is shown in Formula

(3):
p
Time(t) = Z TaskTime(i, j) (3)
ij=1
Among them, p is the location where task i in task ¢ is assigned to the computing

node, and TaskTime(i, j) is the time when task i completes sub task j on the computing
node p.
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The calculation method for the completion time of the total task is shown in formula

“:

n
TotalTime = _ NodeTime(i. j) 4)
ij=1

where, NodeTime(i, j)is the time it takes a compute node to complete tasks i and j , and
n is the number of tasks for a compute node.

(2) Initial population generation

Here, it is assumed that the population size is R, there are m processing points, z
jobs and a total of U subtasks. The first step should be to use the Max-Min algorithm to
equally limit the allocation of system resources, and then randomly generate the required
chromosomes. At this time, the number of chromosomes is R, the length is U, and the
value interval of genes is limited to [1, m].

(3) Fitness function

Genetic algorithm calculates the advantages and disadvantages of individuals
through fitness function, and selects and evolves the next generation to seek the optimal
solution of the problem.

The satisfaction level of users with the completion time of all assignments in
individual ¢ is shown in formula (5):

i) =g@)/K 1<i<R )
The fitness of total task completion time is shown in Formula (6):
L@ =1/c() 1=<i=<R (6)
According to formulas (5) and (6), outstanding individuals with relatively high fitness
values can be selected and given to the next generation.
(4) Genetic manipulation

Genetic operations are divided into three types: selection, crossover, and mutation,
which are the main ways to select and produce the next generation of individuals. Selec-
tion operation is a fundamental way to spread excellent genes in a population. When
selecting an operator, use the roulette wheel selection method. Use the following for-
mulas (7) and (8) to calculate the probability of each individual being selected one by
one using the previous formulas (5) and (6):

R
Pi(i) = fi()/ Y _fi() (7)

j=1



Design of a Web-Based Computer-Aided Teaching System 43

R
Py () = (D] Y_f) ®)

J=1

Variations can create new search Spaces. The crossover probability function and
mutation probability function are shown in Formula (9) and Formula (10) respectively:

P, = {kl (fmax _f/)/(fmax _f/)a f/ Zfavg 9)
ki, 1! < favg

Pm _ {k3(fmax _f)/(fmax _favg)af Zfavg (10)
ks, S <Jfavg

Among them: f is the individual to be mutated; fihax is the largest individual in the
group; faye is the average value of each generation of population.

The application of improved genetic algorithm in web-based fault diagnosis
computer-aided teaching system lies in the allocation and scheduling of system resources
for numerous remote user tasks. This article studies the architecture of web-based fault
diagnosis computer-aided teaching system and improves the original adaptive genetic
algorithm based on the characteristics of multi user and multi task types in web-based
fault diagnosis computer-aided teaching system, Based on the traditional genetic algo-
rithm, the genetic gene is selected by integrating data fairness and local sexual selection.
Compared with the traditional algorithm, it is more efficient in responding to users’
demand response.

4 Experimental Analysis

To verify the feasibility of a Web-based computer-aided teaching system for fault
diagnosis, system performance verification was conducted.

4.1 System Operating Environment

According to the overall demand of the computer aided instruction system, in order to
ensure the efficiency and reliability of the system operation, the server side of the system
should have high hardware and software configuration. This application can run on the
Internet, can also be applied to the campus network and connected to the internal LAN
computer room, its operation requirements are as follows Table 1:
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Table 1. System hardware and software environment

Parameter Specification

Server CPU: P4-3.2G

Operating system Windows 8

WEB server Microsoft Internet Information Server 6.0
Development tool ASP

Memory 512 M

Network routing protocol AODV protocol

Video card NVIDIA

In the above operating environment, system performance verification was carried out.
In order to make the experimental results more reliable, a computer-assisted classroom
teaching system based on data mining and an interactive electronic technology computer-
assisted teaching system based on the. NET platform were used as comparative systems
to compare with the system in this paper.

4.2 Analysis of Experimental Results

4.2.1 Personal Information Leakage Rate

Computer aided instruction system is very important in the management of per-
sonal information. Therefore, the leakage rate of personal information is taken as an
experimental indicator to compare the three systems, and the results are shown in Fig. 6.

—O—  The system designed in this article
[ —0O— A system based on data mining

| —0— Asystem based on the. NET platform

Information leakage rate/%

Iterations/time

Fig. 6. Comparative results of personal information leakage rate

From Fig. 6, it can be seen that from the perspective of personal information leak-
age rate, the highest personal information leakage rate of the system in this article is



Design of a Web-Based Computer-Aided Teaching System 45

only 2.3%, while the highest personal information leakage rates of the computer-aided
classroom teaching system based on data mining and the interactive electronic technol-
ogy computer-aided teaching system based on the. NET platform are 5.7% and 6.4%,
respectively. From the above data, it can be seen that the personal information leakage
rate of the system in this article is lower, which can maximize the protection of user
privacy information and improve the security of user information.

4.2.2 Comparative Analysis of System Crash Rate

If the system crash rate is too high in the application process, the user experience will
be affected. Therefore, the system crash rate is taken as the experimental index to test
the system crash rate of the three systems. The comparison results are shown in Fig. 7.

—o—  The system designed in this article
[ —0O— A system based on data mining

| —0— A system based on the. NET platform

System crash rate/%

0 2000 4000 6000 8000 10000 12000 14000

Number of users online simultaneously/person

Fig. 7. Comparison results of system crash rates

As shown in Fig. 7, as the number of users simultaneously online increases, the
crash rates of the three systems gradually increase. Relatively speaking, the crash rate
of the system in this paper is the lowest and consistently lower than that of the other two
systems. Through comparison, it can be seen that the system in this article can improve
the stability of the system, and the probability of system failure is relatively low.

4.2.3 Comparative Analysis of User Satisfaction

Select students and teachers from the faulty major to evaluate the application effective-
ness of the three systems through scoring. The user satisfaction comparison results of
the three systems are shown in Table 2.

From the data in Table 2, it can be seen that users have higher satisfaction with
the system in this article, with a maximum score of 90.6 points. However, the systems
based on data mining and the. NET platform have a maximum score of 86.3 points and
79.5 points, respectively. From this, it can be seen that users are more satisfied with the
effectiveness of the system in this article, indicating that the system is more in line with
users’ expected goals and meets their actual needs.



46 Z.Leietal.

Table 2. Comparison results of user satisfaction

Number of User rating/score
users/name The system designed in | System based on data System based on
this paper mining .NET platform

100 90.6 86.3 79.5

200 89.7 84.0 75.3

300 88.5 82.1 74.2

400 87.0 79.5 73.0

500 86.3 76.3 72.9

5 Conclusion

In order to improve the stability of computer aided instruction system, improve user
satisfaction and user information security as the research goal, design a fault diagno-
sis computer aided instruction system based on Web. The experimental results show
that users have higher satisfaction with the system, and the highest score is 90.6. The
breakdown rate of this system is the lowest and always lower than that of the other two
systems. The highest personal information leakage rate of the system in this paper is only
2.3%, much lower than the other two systems. It shows that the application effect of this
system is better and can meet the needs of users. Although the system designed in this
article has improved the effectiveness of computer-aided teaching for fault diagnosis to
a certain extent, the response speed of the system still needs to be improved, and further
research will be conducted in the future to address this issue.
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Abstract. The existing teaching assistance systems mostly focus on the develop-
ment of individual applications, such as roll call systems and homework systems,
and few have developed a complete set of teaching assistance systems. In view
of this, design a ZigBee based ideological and political network teaching assis-
tance system. The focus is on researching wireless communication modules based
on ZigBee technology. ZigBee has advantages such as low power consumption,
wide network coverage, and strong self-healing ability, which can achieve efficient
communication of the system. On this basis, the login function interface, teacher
red pen correction module, resource learning module and Electronic assessment
module are designed to achieve the functions of resource upload, homework cor-
rection and so on. The system test results show that the system pages can adjust
with the screen size. When the concurrent volume of virtual users and teachers
gradually increases, the system can respond to teacher operations normally, with an
average response time of less than 5000ms. The failure only occurs when the pres-
sure reaches 290, which has high security and can effectively prevent information
leakage.

Keywords: ZigBee - Ideological and political network teaching - Coordinator -
Teaching assistant system

1 Introduction

As a base for talent cultivation and quality education, universities have a significant
responsibility in both knowledge transmission and ideological education. The ideological
and political theory course is the main channel for moral education in universities, and
cultivating talents with excellent moral character is one of the main goals and tasks of
talent cultivation in higher education. The ideological and political theory course that
highlights moral education is an important content of higher education [1]. To promote
the development of ideological and political education in universities, it is necessary to
actively promote the application of information technology in ideological and political
courses. The teaching assistance system is able to impart knowledge more targeted,
while also providing a more user-friendly way for remote communication and learning
between teachers and students. In addition to fully utilizing online teaching resources
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for learning, the greater advantage of teaching assistance systems is that they can guide
students to learn, enable them to better grasp knowledge, transform “teaching” into
“guidance”, and allow students to grasp and complete more links themselves. Traditional
classroom teaching can no longer meet the needs of classrooms with a large amount of
information, and students need more learning resources. The emergence of teaching
assistance systems in universities can allow students to independently choose teaching
resources for learning, which is conducive to cultivating students’ self-learning ability
[2, 3].

Therefore, the research and development of ideological and political network teach-
ing assistance systems is imperative. The current commonly used design methods for net-
work teaching assistance systems mainly include embedded computer remote assistance
teaching system design based on Web technology and physical multimedia assistance
teaching system design based on concept networks. The system hardware designed by
the former consists of memory, central processing unit, input device, and output device,
Memory includes teacher side memory and student side memory, and the central process-
ing unit mainly consists of three parts: logical unit (ALU), control unit, and input/output
unit. The software designs web server programs and database programs separately. The
experimental results show that this method can effectively expand the assistance range
and shorten the assistance time, but has a higher number of response failures. The latter
constructs a physics multimedia assisted teaching system architecture with the logic
layer as the core, designing theoretical knowledge modules, experimental modules, and
student practice modules respectively. Based on the concept network, a large number
of rules in the physics teaching system are attached to concepts, forming a conceptual
network knowledge system. The theoretical knowledge system design is completed,
and experimental modules are designed using image and animation display methods.
Based on the theoretical knowledge and experimental modules, student knowledge is
modeled, comparing students’ knowledge with theoretical knowledge, using computers
to score students’ mastery of knowledge, achieving practice and feedback on exercise
results, and completing the design of a physics multimedia assisted teaching system.
The experimental results show that the system has good compatibility, but its security is
not good.

In response to the existing problems mentioned above, this article designs a ZigBee
based ideological and political network teaching assistance system. The system has the
following innovative points:

(1) Design a wireless communication module for the ideological and political network
teaching assistance system based on ZigBee technology. ZigBee has advantages
such as low power consumption, wide network coverage, and strong self-healing
ability, which is conducive to improving the system’s response speed.

(2) The login function module can enhance system security and ensure user information
security.
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2 Design of Ideological and Political Network Teaching Assistant
System

2.1 Wireless Communication Module Design

The wireless communication module is designed based on ZigBee technology to real-
ize the wireless communication of the system. ZigBee communication structure is the
skeleton of the entire wireless network, which is directly related to the specific imple-
mentation of the wireless network. The communication structure design needs to achieve
three directions of wireless communication: controller to gateway, gateway to the entire
wireless network, and all nodes to gateway communication. Three types of devices are
defined in ZigBee protocol: coordinator, routing node and terminal node; Only the ter-
minal node is not a full function node and has no routing function [4]. In this system,
there are two types of equipment: coordinator and routing node.

The system node needs to record the answer time, and the nodes in ZigBee network
need a unified reference time, so the broadcast mechanism is used to synchronize the
clock. The broadcast mechanism can avoid recording the network address of nodes in the
network at the same time. Moreover, the network address of the coordinator in ZigBee
network is fixed, so the coordinator can be used as a gateway, and nodes can upload
data to the fixed address to facilitate the implementation of future programs. At the same
time, because ZigBee single level communication distance fully meets the application
of ordinary classroom space, a star communication structure of wireless network is
designed as shown in Fig. 1.

Routing node

Routing node Coordinator Routing node

Routing node Routing node

Fig. 1. Designed star communication structure

The coordinator is the most important part of the entire management system network.
It needs to run first in the entire network. It forms a network through channels and net-
work identifiers, and uniformly accesses and manages the added nodes, and manages all
wireless networks together. In the same ZigBee communication network, there can only
be one coordinator, which is indispensable hardware. A main coordinator is designed.
The main coordinator consists of two parts, namely, the RF top plate and the support
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bottom plate. The two parts can be combined by DIP20 physical plugging to form a
unified whole. Among them, the RF roof adopts CC2430 of TI Company as the trans-
mission processing core. The chip can use ZigBee2007 protocol stack, and uses 2.4G
SMA communication antenna, IEEE 802.15.4 standard. The maximum transmission
distance is 100m, which is suitable for the use of reconstruction projects. The support
backplane includes various serial ports and interfaces, including reset system [5].

The main coordinator consists of power supply and switch/indicator light, reset but-
ton, RS232 interface, RJ45 Ethernet interface, switching cap skipping of communication
mode (serial port and RJ45), JTAG download interface, RF roof, work indicator light and
antenna interface. 5V DC power supply is used to supply power for ZigBee coordinator.
Turn on the power supply and toggle it to the on position, and turn off the power supply
and toggle it to the off position. When powered on, the power indicator red LED lights
up. Reset key is used to reset the system without power supply, and reset the program of
the chip to facilitate debugging and program operation. The overall circuit framework
is shown in Fig. 2.

Indicating
circuit

<

communicat
ion circuit

<

<I\:> Key circuit

RF module

Clock -
- Power circuit
circuit

Fig. 2. Overall Circuit Frame

Transmission processing core

The coordinator can communicate with various universal serial devices through the
standard nine pin RS232 serial port. In this design, the conversion connector of RS232
and USB is used to realize the connection management and control between the coordi-
nator and PC computer. The coordinator exchanges data with the host computer through
this interface, and transmits various monitoring information of ZigBee network to the
software on PC. At the same time, the control command of the upper computer can be
sent to the coordinator through this interface to control other ZigBee nodes, realizing all
functions designed by the upper computer software platform and embedded terminal.
The simulator interface developed by JTAG download interface system connects ZigBee
emulator, which facilitates users to write, debug and simulate ZigBee protocol stack and
other codes online.



52 J. Luo and Y. Guan

The coordinator also uses the Neport Ethernet module. The coordinator can connect
to the network through the Ethernet port, the jumper cap jumps to the UART position,
and the coordinator communicates with the host computer through the serial port; Jump
the jumper cap to the RJ45 position, and the coordinator will communicate with the
upper computer through TCP/IP. The RF top plate adopts TICC2430 RF chip, which is
connected to the ZigBee coordinator RF top plate through 2 * 10PIN array pins. There
are two indicators: red and green. When the coordinator system is working, the RF roof
panel red indicator lights up.

The distributed routing architecture is used in the routing node, and the input buffer
mode is used. Of course, the structure can also be easily adjusted to the output buffer
mode, depending on the specific application. Specifically, it consists of two modules. The
input module includes three parts, IFC (Input Flow Controller) input flow control mod-
ule, IB (Input Buffer) input buffer module and HD (Header Decoder) header decoding
module.

The function of the input flow control module is to translate the handshake protocol
and select the write virtual channel. in_Val: indicates that the upper level routing node
has valid data coming and requests input; When a complete data packet is transmitted,
the signal gives up the request. in_The ack signal is an input confirmation signal. When
the Full signals from the IB module are not all high level 1, it means that at least one
virtual channel has storage space to receive data packets. At this time, IFC will_The
ack response signal is set to high level, and the superior routing node is notified to
start data transmission; If the virtual channel used reaches full status during data packet
transmission, stop responding and record the label of the current data packet and the
virtual channel used for next use. At the same time, switch to the next virtual channel
that is not satisfied, and prepare to start a new packet transmission.

The data cache module is used to cache data, which is mainly composed of N (N >
1) virtual channels. Each virtual channel uses a FIFO. The width of the virtual channel
is the width of the data packet, and the depth of the virtual channel can be defined by
the user.

The output module does not contain FIFO, so its structure is simpler than the input
module, mainly including two parts: Arbiter arbiter and output flow controller OFC. The
Arbiter arbiter is used to arbitrate between different input modules requesting the same
output port. The RR (Round Robin) algorithm is still used here to schedule requests.
Select a request and raise the corresponding x_gnt signal to notify the input port that data
transmission is possible. Simultaneously notify the OFC output flow controller of the
scheduling results. The output flow controller selects one channel of data as the output
data based on the x_gnt allowed signal, and at the same time, pulls up the out_val signal
to notify the lower routing nodes of the arrival of valid data. The ack signal feedback
from the lower routing node is transmitted as a x_rd read enable signal to the input
module. This way, when the input module receives both x_gnt and x_rd valid signals,
the connection between the input and output modules is established, and the data packet
begins to be transmitted.

The system needs to ensure that the data of all nodes can be collected reliably, and
the data should be collected as soon as possible to avoid too many pauses in the teaching
process and affect classroom teaching. By considering avoiding competition between
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nodes, it is easy to get an ideal solution: the nodes in ZigBee network upload data to
ZigBee gateway in turn without gaps. In this state, data can be collected reliably and
the whole data recovery process only takes data transmission time, but it is impossible
to achieve this effect in the actual process. The key problem is how to let all nodes
upload data without gaps. In the formulation of the actual scheme, it approaches the
ideal scheme to obtain the best performance.

The following is the proposed solution: use the transmission form with return confir-
mation in the MAC layer of ZigBee protocol. In this mode, the gateway can completely
receive data from all nodes in the network. The nodes in ZigBee network obtain the right
to send data through free competition. When the node successfully uploads data each
time, it will receive the ack returned by the gateway.

2.2 Login Function Interface and Programming Implementation

The system is object-oriented for college teachers and students, including users with
three kinds of permissions, namely administrators, teachers, and students. After differ-
ent users log in to the system, corresponding permissions are automatically assigned.
Administrators have all the functions of the system, teachers and students correspond
to different functions, and the initial password is set uniformly. After logging in to the
system, users click the button on the top right, modify the avatar and password.

The user requests the system interface route app. Use (‘/api/admin’, admin). The
server returns the admin login page, enters the login page, enters the user name and
password, clicks the login button, triggers the on Submit function, uses Ajax to interact
asynchronously with the background, and requests access to the login interface through
post. The pool connection pool connects with the MySQL database to ensure that mul-
tiple threads work. The foreground parameters are passed to the login interface. After
receiving the parameters, the login interface will query the database for the presence of
the user. If the query fails, an err will be returned, and a prompt box “User name or pass-
word error” will pop up. Next, if the parameters exist, the parameters will be compared
with the information in the database and cooperate with the session to determine whether
the user has logged in. If the user has logged in on other devices, then a prompt box “The
user has logged in, please do not log in again” pops up. Finally, the user successfully
logs in and saves the login information to the session. Node.js sends a cookie with the
HttpOnly attribute to the front desk. This cookie will remain for 24 h. After 24 h, clear
all login information [6, 7] through the callback function.

In addition to the above, the system carries out page responsive development based
on the built-in layout of Bootstrap. The responsive drive of the page comes from the
screen width. By obtaining the screen width, the screen is divided into 24 grids, and then
different styles are specified according to different screen widths.

2.3 Design of Teacher Red Pen Correction Module

The red pen correction module is mainly used for teachers to correct ideological and polit-
ical workbooks and test papers. In this module, teachers can choose to correct homework
books or test papers. When correcting test papers, they can choose manual correction or



54 J. Luo and Y. Guan

automatic correction. This module has two difficult parts: correction process, drawing
students’ and teachers’ handwriting.

The correction process can be divided into two situations: one is manual correction,
which means that the teacher selects the assignment book or test paper to be corrected
in the system for correction, and uploads the teacher’s correction handwriting to the
system; One is automatic correction, which means that the system can automatically
correct the objective questions in students’ test papers, such as selection, judgment, etc.

a. Design and Implementation of the Perception Layer for Manual Correction

The perception layer corresponds to the bluetooth pen device used by teachers in the
process of correction. The bluetooth pen device is used to collect teachers’ correction
handwriting dot codes. After the bluetooth pen collects the dot codes, it conducts certain
processing, and then transmits the data to the system background through the BLE
communication module.

b. Design and implementation of network layer for manual correction

The Bluetooth pen and the system are connected by the BLE communication module.
The BLE protocol stack is mainly composed of the following parts, as shown in Table 1
[8].

The BLE protocol is used to complete the network communication between the
Bluetooth pen and the teacher end system. After the connection between the Bluetooth
pen and the tablet is established, the BLE communication module obtains the handwriting
dot code data from the Bluetooth pen regularly and packs them, and then transmits the
data through the BLE protocol. The specific process is that the Bluetooth pen calls the
send method to send handwriting dot code data every 3 s or when the amount of dot code
datareaches 500 or when the last time anew dot code is acquired reaches 5 s, and transmits
the data to the LL layer. The LL layer first selects the physical channel for transmission,
and then assigns this connection to a transmissible address, add the header and payload
length fields of the LL layer. The header field identifies the packet as a data packet, and
the payload length field is the length of the entire L2ZCAP field. Finally, add the CRC24
field to prevent data from being tampered with during transmission. LL layer packs and
transmits data to L2CAP layer, which specifies the connection interval as 10ms, and
specifies the logical channel number 0004 (representing ATT layer). After addition, data
is transmitted to ATT layer, which uses the notify communication command to transmit
data to GATT layer, which packets and packages the sent data before transmission,
finally, the data is transferred to the system background for compressed storage [9].

c. Design and Implementation of Manual Correction Data

In the process of using, it is necessary to obtain various information of the Bluetooth
pen, so as to display the status of the Bluetooth pen in the teacher end system. The
conversion methods of dot codes in different paper sizes are different, and A4 paper is
mainly used in the implementation of this system.

The flow chart of manual correction is as follows: the system page displays the list of
students in the current class after the teacher selects the homework book to correct. The
teacher can click the tag on the student’s homework book with the smart pen. At this time,
the smart pen will identify the student’s name and student number. After the identification
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Table 1. Composition of BLE protocol stack

S/N | project form effect

1 Core layer LL layer Select the RF channel for
communication, the method of
identifying the air data packet, the time
point of sending the data packet, etc

2 Assign Layer PHY layer Specify the radio frequency band used,
modulation and demodulation methods

3 Normative layer HCI layer Standardize the communication
protocol commands of the two chips

4 Analytic layer GAP layer Parse the simplest valid packet in the
LL layer, and GAT simply specifies and
defines this packet

5 Decisive layer L2CAP layer | Encapsulate the data transmitted by LL
layer using encrypted channel or
ordinary channel and manage the
connection interval

6 Security layer SMP layer Consider ensuring the security of the
connection without affecting the user’s
experience

7 Define Layer ATT layer Define commands and operation data.

BLE uses attributes to describe the data
in the transmission process, including
the commands that can be used for the
data

8 Standardize management | GATT layer Standardize the data content of ATT
layer and manage the data of ATT layer
by category

is successful, the current student’s status will be changed to being corrected on the pad,
and the teacher will correct the student’s homework. The teacher can also click the name
of the student to be corrected on the pad, and the status of the student will be changed to
being corrected. When the teacher finishes correcting a student’s homework and clicks
the name of the next student, the system will change the status of the current student to
correct completed, select the clicked student as the current student, and change its status
to being corrected. When the teacher clicks the correction completed, he will jump to the
homework display page to display the students’ homework. The system page displays the
list of students in the current class after the teacher selects the test paper to be corrected
and selects the test paper to be corrected. The following process is consistent with the
homework book correction. The difference is that when the teacher clicks the correction
completion, it will first judge whether the teacher has corrected the current test papers
of all students in the current class. If all the corrections are completed, it will jump to the
test paper statistics and analysis page, including the answer overview, answer details,
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high-frequency wrong questions, analysis of knowledge points in the test paper, so that
teachers can understand students’ mastery of these knowledge points. If the teacher has
not finished correcting all the test papers, a pop-up window will prompt that the teacher
has not finished correcting all the test papers, please continue to correct.

Unlike subjective questions, objective questions need to consider whether students’
answers contain scoring points. Just compare them with correct answers. If they are cor-
rect, scores will be given. If they are incorrect, scores will not be given. The implemen-
tation of automatic correction function can reduce the pressure of teachers’ correction.
Teachers only need to correct the subjective questions of an examination paper.

The technical architecture of automatic correction function is composed of teacher
side, HTTP, MQ message queue, rule engine, fault alarm, HTTPMQ message queue,
good rule engine fault alarm, multi-threaded asynchronous processing, and database.
The key to realize the automatic recognition function is model training. In this paper,
the KNN algorithm of machine learning is used to train handwritten data and produce
a handwritten data recognition model. The main steps of the algorithm are: a. Calculate
the distance between test data and training data; b. Sort according to the increasing
relationship of distance; c. Select K points with the smallest distance; d. Determine the
occurrence frequency of the category of the first K points; e. The category with the
highest frequency among the first K points is returned as the prediction classification of
test data.

2.4 Design of Resource Learning Module

The resource learning module is a function that both teachers and students have. The
premise for students to learn teaching resources is that teachers upload relevant teaching
resources. After creating relevant courses, teachers enter the resource management page,
where they can upload courseware, experiments, videos and other relevant resources
to the server. Before uploading, they need to select the courses corresponding to the
resources. After uploading, they can view the uploaded resources. Students can learn
relevant teaching resources uploaded by teachers, including courseware, experiments
and videos.

According to the specific analysis of this module, create a resource database table.
The exname field represents the resource extension, the url field is the address used to
store learning resources, the type field represents the resource type, including courseware,
experiment, and video, and the status field represents the resource upload status. The
resource data table is shown in Table 2.

So the design of resource learning module is completed.

2.5 Design of Online Examination Module

In the online examination module, intelligent test paper generation is realized through
genetic algorithm. The specific process is as follows:

Step 1: Set the initial conditions for generating the test paper, the difficulty of the
test questions, the score of the test questions, the question type, the order of the question
number, etc.
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Table 2. Resource Data Table

S/N Field Name Chinese field name data type
1 id Resource id Varchar
2 name Resource name Int

3 exname Resource suffix Tinyint
4 size Resource size Tinyint
5 author Uploader Varchar
6 url Upload Path Varchar
7 type Resource Type Int

8 status state Int

Step 2: generate different test papers according to the set initial conditions, and these
initial test papers form the initial population.

Step 3: Calculate individual fitness value according to fitness function.

The fitness function affects the performance of the test paper to judge the quality of
the test paper. There are many attributes that affect the performance of the test paper,
such as the difficulty of the test question, the score of the test question, the score of
passing the test question, the question type, the order of the question number, etc. Each
attribute has different constraints on the test question, and its weight is also different. In
this system, the proportion of the difficulty of the test question and the score of different
question types in the total score of the test question is used as the independent variable
of the function.

A knowledge point contains many questions. Can first work out the average difficulty
of all the questions contained in the knowledge point. The formula for calculating the
average difficulty is:

_ Z]l'=1 Uj
- H

In Eq. (1), Rg refers to the average difficulty of the test questions covering the
knowledge point; Uj refers to the difficulty of each question; H refers to the number of
questions; ¢ refers to the number of questions [10].

The average difficulty formula of all questions in the whole question bank is:

t
o)
Y = % @)

In formula (2), Q; refers to the difficulty of each question; Yg refers to the average
difficulty.

The constraint formula for whether the proportion of scores of different question
types in the total score of the test questions is reasonable is:

27:1 qj1
L

Rg (D

V= 3)



58 J. Luo and Y. Guan

In Eq. (3), L refers to the total score of the test questions; g;; refers to the question
type in the examination paper; y refers to the number of different types of questions; V
refers to the proportion of the scores of different question types in the total scores of the
test questions.

The calculation formula of fitness function is:

fitGi) =1—(Yg — Wgl xri +V xr) )

In Eq. (4), r1 and r, refer to the weights. Assign rq a value of 0.6 and r, a value of
0.4.

Step 4: According to the roulette wheel strategy, judge the individual fitness. The
ones with high fitness will remain, and those with low fitness will remain to the next
generation for crossover and mutation operations to form a new generation of population.

Step 5: Repeat steps 3 and 4 to determine whether the maximum number of iterations
is reached.

Step 6: Generate the test paper.

3 System Non Functional Test

3.1 Compatibility Test

Test the designed ideological and political network teaching assistant system based on
ZigBee, and first test the compatibility. Since the system will operate on pads of different
screen sizes during actual use, in order to test whether the system can display normally
on screens of different sizes, different panels are used to test the compatibility of the
system. The test results are shown in Table 3.

Table 3. Compatibility Test Results

S/N Plate model operating system Whether the display is normal
1 Glory tablet V6 Android normal
2 Lenovo TB3-X70 Android normal
3 ipad2 10S normal
4 iPadmini6 10S normal

By running the system on different tablets, can find that the system runs well under
the system with Android > 4.4.4 and IOS > 9.0.2, and the page display is normal.
Because the page adopts a responsive system layout, it can ensure that the system page
can be adjusted with the screen size.

3.2 Performance Test

A system should not only meet user needs in function, but also in performance. Therefore,
in addition to testing system compatibility, non functional testing also needs to test system
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performance. Performance testing is to test the performance of the system on the basis
of meeting the functional requirements of users. Good performance of the system can
also greatly improve the user experience.

The LoadRunner test tool is used to test the performance of the main interfaces of the
system. LoadRunner is a load testing tool that predicts system behavior and performance.
It tests system performance by simulating real-time concurrent load of tens of millions
of users and real-time performance monitoring, and quickly locates problems. Run the
script generated by the LoadRunner test tool in the system to monitor the script running in
real time. After the testresults are generated, analyze the test results, find out the problems
in the system, and judge whether the system performance can meet the expectations.

The specific test method is to test the performance of the system through the phased
increase of the number of users, test the average response time of the system, the number
of successful and failed accesses, and the concurrency range of the system. The standard
for passing the performance test is: when the number of concurrent users is 200, the
system performance is stable. The test scenario here is for the teacher to log in to the
system and select the in class mode to start the class. Set the initial teacher concurrency
to 10, increase 40 teachers every 5 s, and the maximum value is 450, so as to simulate 490
teachers starting the class at the same time. Set the teacher concurrency in LoadRunner,
and set 10, 50, 90, 130, 170, 210, 250, 290, 330, 370, 410, 450 teachers respectively.
Run the test script in the test scenario to get the test results, and collate the test results
to get the system performance test results table (Table 4).

Table 4. System Performance Test Results

S/N Virtual teacher Respond or not Number of response Average response
concurrency failures time (ms)
1 10 Normal response 0 586
2 50 Normal response 0 852
3 90 Normal response 0 1269
4 130 Normal response 0 1695
5 170 Normal response 0 2158
6 210 Normal response 0 2698
7 250 Normal response 0 3365
8 290 Normal response 15 3965
9 330 Normal response 36 4587

The system performance test results are shown in the table above. It can be seen from
the test results that when the number of concurrent virtual teachers increases gradually,
the system can respond to teacher operations normally, and the average response time
is less than 5000ms. Failure occurs only when 290 is measured. On the whole, all data
meet the expected performance test objectives. This pressure test is only carried out for
a single server. The number of 200 concurrent servers can meet the demand. Clusters
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will be used on the system input line. The cluster’s high scalability, high availability,
and high manageability can effectively improve the system performance, improve the
system error tolerance, and meet high concurrent user requests. To sum up, the system
meets the performance requirements of users through performance testing.

3.3 Safety Comparison Test

The security of a system is an important way to protect the privacy of users, and security
testing can eliminate the security risks of the system. First, perform the SQL injection test.
The second place to strengthen security protection is permissions. The system should
ensure that each user can only see the data within his/her own permissions. For this,
the user name verification should be bypassed for testing. The third place to strengthen
security protection is to modify and submit data information. For this, the system should
test by capturing and modifying data. The fourth place that needs to be strengthened is
the security risk of cross site scripting. For this, will test the system for XSS attacks.
In the test, the traditional ideological and political network teaching assistant system
is used as a comparison method to jointly conduct security test. The comparison test
results are shown in Fig. 3.

Not meeting
expectations

sz design system
E=3 Traditional systems

Meet
expectations BHEHEH: 51:1a2i EHEHEH

Bypass Capture,
SQL Injection username modify, and XSS attack
verification submit data

Fig. 3. Comparison Test Results

The expected result of XSS attack is that the statement entered in the input box will
not be executed; The expected result of packet capturing modification of submitted data
is that the system fails to pass the modified data and meets the expectation; The expected
result of bypassing the user name verification is that the system prompts the user name
or password error, instead of entering the home page as expected; The expected result of
SQL injection is that the system prompts user name or password errors, rather than system
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errors. It can be seen from the above test results that the security of the designed system
is higher than that of the traditional system, which can effectively prevent information
leakage.

In order to further verify the application effectiveness of the system designed in
this article, user satisfaction was used as a testing indicator. The results were compared
between the embedded computer remote assisted teaching system based on Web tech-
nology, the physical multimedia assisted teaching system based on concept networks,
and the system designed in this article. The results are shown in Table 5.

Table 5. User Satisfaction Test Results

Number of This article designs a Embedded Computer Concept

users/person system Remote Assisted network-based
Teaching System Based | multimedia assisted
on Web Technology teaching system for

physics

10 95.3 85.6 90.7

20 94.2 84.2 87.6

30 93.6 80.3 85.2

40 91.8 79.9 83.0

50 90.3 76.6 81.5

From the data in Table 5, it can be seen that the user satisfaction of the system
designed in this article is higher, indicating that it can meet user needs and has better
application effects in practical applications.

4 Conclusion

To address the issues of long response time and poor security in existing systems, a Zig-
Bee based ideological and political network teaching assistance system is designed. The
system is based on ZigBee technology to design a wireless communication module for
the ideological and political network teaching assistance system, effectively improving
the system’s response speed. The security login function of the login function module
effectively improves the security of the system. The experimental results show that the
designed system has a shorter response time and can effectively ensure user information
security, achieving higher user satisfaction, indicating that its application value is higher.
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Abstract. In order to solve the problem of the low fault tolerance rate of the
teaching and training system and improve the auxiliary teaching ability of oral
English education, an auxiliary training system for oral English teaching based
on Web services is designed. Through the design of hybrid training architecture,
user management module and online examination module, the hardware design
of application structure of auxiliary training system is realized. According to the
generation conditions of Web services that can replace adapters, the sensitive call
function is defined, and the fuzzy training engine is combined to train the auxiliary
teaching behavior, and the relevant application components are combined to com-
plete the design of the auxiliary teaching training system. The experimental results
show that the compatibility degree of the test program under the function of Web
services is more than 90%, which can meet the practical application requirements.

Keywords: Web services - Teaching oral English - Auxiliary training -
Alternative adapter - Training engine

1 Introduction

A Web service is a platform-independent, low-coupling, self-contained, programmat-
ically based application for developing distributed interactions that can be described,
published, discovered, coordinated, and configured using open XML (a subset of the
Standard General Markup Language) standards. Using Web services technology enables
different applications running on different machines to exchange data or integrate with
each other without the need for additional, specialized third-party software or hardware.
According to Web services, data can be exchanged regardless of the language, platform,
or internal protocol used by the application [1]. Web Service is a self describing and
self-contained available network module that can perform specific business functions.
Web services are also easy to deploy, because they are based on some common industry
standards and some existing technologies, such as subset XML and HTTP under the stan-
dard general markup language. Web services reduce the cost of application interfaces.
Web Service provides a common mechanism for the integration of business processes
between the entire enterprise and even multiple organizations. The Web Service platform
requires a set of protocols to create distributed applications. Any platform has its data
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representation method and type system. To achieve interoperability, the Web Service
platform must provide a set of standard type systems for communicating different types
of systems in different platforms, programming languages, and component models.

Tian et al. [2] interactive semantic recognition analysis based on deep learning algo-
rithm, feature fusion of translation vocabulary and sentence output based on deep learn-
ing, automatic. Zheng et al. [3] interactive output of translation data under deep learning,
and global optimization design of system software layer parameters around deep learning
algorithm. However, the above systems cannot realize the mutual call and data transmis-
sion between different platforms and languages, and only by using specific middleware
or transit server can the data interaction channel be established between the client and
the server, so the application has limitations.

Aiming at the above problems, a new type of oral English teaching assistant training
system is designed based on Web service theory. On the basis of designing the hardware
of the system, the Web service is introduced to replace the adapter, reset the fuzzy training
engine, and realize the smooth application of the oral English teaching auxiliary training
system based on Web services. The practical value of the system is verified by case
analysis, which provides students with flexible and convenient learning methods, and is
no longer limited to traditional classrooms or learning centers, and provides convenience
for distance education and independent learning, which is an innovative and cutting-edge
application in the field of educational technology.

2 Application Structure Design of Oral English Teaching Assistant
Training System

The hardware application structure of the oral English teaching assistant training system
consists of a hybrid training architecture, a user management module, and an online
examination module. This chapter focuses on its specific design methods.

2.1 Hybrid Training Architecture

For the oral English teaching auxiliary training system, its hybrid training architecture
includes B/S model and C/S model. Under the effect of the Client architecture, it can
combine the SOP auxiliary training host and the Web server terminal to schedule multiple
client objects, so as to improve the specific implementation process of auxiliary training
education while realizing oral English teaching.

The C/S model is directly connected with the client object and responsible for col-
lecting students’ learning habits. Its network traffic is less than that of the BIS model.
Generally speaking, for the same task, the C/S model has a faster running speed; Because
the C/S mode installs a complete set of application programs on the client computer,
it can have a strong human-computer interaction function. The computer examination
system has a strong control over the examination, which makes the use of candidates
very convenient.

As the subordinate load structure of the C/S model, the B/S model can provide an
access environment for teaching recipient objects and student terminals [4]. The client
computer uses a general Web browser, so its designed exam interface is very friendly.
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The exam terminal computer can conveniently log in to the network exam with the help
of a common browser; The functions of B/S mode are all completed by the Web server.
In this case, the development and maintenance work only needs to be carried out around
the server, and the maintenance work is simple and easy.

Therefore, the development and design of the real network examination system for
different examination tasks to be realized and different examinee objects to be served
can comprehensively absorb and utilize the respective advantages of C/S mode and B/S
mode, and reasonably match the mixed mode, thus realizing various functions required
in the network examination system.

The complete hybrid training architecture layout model is shown in Fig. 1.

Server device
Client 1

Client system

Client 2

Web server
terminal

Client n
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training host

Browser Run Browser

A 4
Teaching
recipient

objects

Student
terminal

Fig. 1. Hybrid training architecture layout model

As can be seen from Fig. 1, the model includes server device, client system, and
browser running browser. Multiple client objects can be scheduled through the Web
server terminal, and SOP assists the training host to transfer customer requirements to
the teaching recipient object, thus realizing various functions required in the network
test system.

In addition, the C/S mode has installed a complete set of applications in the client
computer, so it can achieve a more powerful human-computer interaction function.For
customers, one of its greatest advantages is that it separates the program part from the
database part. Even if the database structure is modified, it will not have a dramatic impact
on the operation of the program. Conversely, even if the program is greatly modified, it
will not affect the original structure of the data.
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The advantages of B/S application lie in:

(1) Simplify the connection behavior of server components in data and data management
layer;

(2) It reduces the requirements of teaching client object in hardware connection;

(3) Through centralized management of business logic, the maintainability of the system
is improved.When the business logic changes, it only needs to be modified in the
business logic layer, and the user layer will not be affected;

(4) The scalability of B/S mode is very strong and has strong maintainability.

2.2 User Management Module

The good operation and maintenance of the system requires all types of users to operate
legally within their respective permissions. Therefore, the management and permission
assignment of system users is a prerequisite for ensuring the system operation. According
to the requirements of system operation, three groups of users are set in this system,
namely administrator user, teacher user and student user. Each group of users is open to
different groups of people, with different permissions assigned, and administrator users
have the highest permissions.

According to the principle that different user types target different people and dif-
ferent user types assign different permissions, the three groups of users in the system
are set as follows:

The administrator user can manage student user information, add/delete student
information in batches according to teaching needs, or add, delete or modify the infor-
mation of a student, set or limit the subjects that students can participate in learning and
training, arrange exam dates according to teaching plans, coordinate and arrange exam
subject settings, and schedule students related to exam subjects to participate in exams,
Set the student’s initial password, whether to allow students to view their exam scores,
whether to allow students to view their exam papers, whether to allow students to view
their exam paper evaluation reports, etc.

Teacher users can modify and improve their personal information. It is recommended
that teacher users often change their login passwords to prevent teaching accidents caused
by the leakage of teacher user passwords.

Student users have the lowest authority. In short, they log in to the system and
participate in the exam.

The specific connection structure of the user management module is shown in Fig. 2.

As can be seen from Fig. 2, the user management module gives permissions to
different applications for different user types, and teacher users manage login behaviors
and student users, thus providing students with a lot of teaching convenience.

The user management function allows you to add or delete users in the examination
system, modify user basic information, and assign user permissions. After the system
administrator successfully logs in to the management system through legal means, he/she
can implement the management work of creating exam administrators and examinee
users, importing/exporting administrator and examinee information in batches accord-
ing to work needs; After the system administrator successfully logs in legally, he/she
can carry out management work [5] such as establishing examinee users, importing
and exporting examinee lists in batches according to the obtained permissions. The
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Fig. 2. Connection structure of user management module

system administrator has the highest authority, which can dynamically allocate or ter-
minate the administrator’s management authority over the question bank, examination
papers, and examinations according to the progress of teaching and examination work,
and can dynamically allocate or terminate the authority of examiners to participate in
examinations and view examination results.

During the operation of the computer, it is inevitable to encounter many emergencies,
such as computer disconnection, crash, automatic restart, etc., which will cause the
ongoing examination to be interrupted and damaged abnormally, not only affecting the
continuation of the normal examination, but also affecting the examinee’s performance
to a certain extent. If the terminal computer can continue to answer questions on the
basis of the answers before disconnection after it resumes work, it will minimize the
impact on the examination work and the examinees’ scores. Therefore, whether it can
continue to take the examination after disconnection has become a key problem that
must be solved by the online examination system.

2.3 Online Examination Module

In the auxiliary training system of oral English teaching, the implementation of the
online examination module needs to take into account three aspects: the examination
user’s test paper formation, the prevention of identical test papers, and the examinee’s
score query. The main task of this module is to organize and complete the examination
process. It mainly includes the following contents:

(1) Open examination.The examination system is open according to the pre-set starting
date and time of the oral English subject, and relevant candidates are allowed to log
in to the examination system through a legal login mode to participate in the online
examination of the designated subject.
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(2) During the oral teaching test, the examinee can normally answer the test questions,
and can check their answers at any time during the test as required.

(3) After the examination starts, the examination system will display the time that has
been carried out and the remaining time of the examination to the students in real
time.

(4) When the end time of the exam is not up, but the examinee has completed all his
answers, he can submit the answers by himself. The system can normally retrieve the
answers and terminate his exam. When the end time of the exam is up and the student
fails to complete the answers, the system will automatically retrieve the examinee’s
completed answers and terminate the exam.

The Fig. 3 describes the specific implementation capabilities of the online exam
module functions.

| Online exam module |

| Module Functions |

Test user group df:lr;l\i/:gtte Candidate Score
paper volumes Query
Oméz;ra;:mg Machine Roll Score
Preparation marking Statistics

Fig. 3. Detailed function diagram of online examination module

According to Fig. 3, the online examination module has many functions, which can
test the oral training course user group papers, has the machine marking ability, avoid
drawing the same content of the paper, has the automatic scoring function, and provides
the candidate score query port after the test.

In the exam preparation stage, the teacher user assigns each test paper generation
parameter to the system for test paper generation according to the needs of oral English
teaching tasks and test investigation requirements. The parameters that can be set by the
teacher user include: exam date, exam start time, exam duration, source of question bank,
difficulty of questions, type of questions, etc. After the teacher user submits the request
for paper formation, The examination paper is generated by the examination system (if
the automatic test paper generation operation is selected, there is no need to give so
many parameters, only a small number of necessary parameters such as examination
subjects, examination time, etc.), and the system will randomly form a specified number
of mutually independent test papers.
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In order to avoid the situation that two (or more) examinees can’t take the exam
normally because they have taken the exam paper with identical content, the system
is designed to bind the exam paper with the IP address of the examination terminal
computer where the examinee is [6] when the examinee takes the exam paper. After the
exam starts, the examinee will draw a test paper. When the system receives a request
for drawing a test paper, it will draw a test paper for the examinee. However, before
assigning the test paper to the students, the system should first confirm the test paper to
see whether there are examinees already using it. If the system detects that the test paper
has been used by examinees, the system will give up the test paper and start drawing
again. Only when the examination papers that are not used by other examinees are drawn
can they be assigned to the examinees to take the examination.

After the examination, if the administrator has assigned the right, the examinee can
view the examination answers of all subjects and courses, and can also access the standard
answers of relevant examination papers for analysis and improvement. If assigned by
the administrator, the examinee can query the exam scores of all subjects and courses; If
assigned by the administrator, the examinee can query the test score ranking table of the
relevant oral English education. In addition, with the permission of the administrator,
the examinee can view the analysis report of the test paper of the individual English
teaching auxiliary training courses.

3 Auxiliary Teaching Behavior Training

On the basis of the hardware application structure at all levels, a Web service can replace
the adapter, and then the sensitive calling function is combined to reset the fuzzy training
engine, so as to realize the smooth application of the Web service based oral English
teaching assistant training system.

3.1 2Web Service Can Replace Adapter Generation

Web services generated based on the hybrid training architecture, user management
module, and online examination module can replace the adapter closed-loop, and can
achieve on-demand scheduling of oral English teaching resources [7]. The adjustment
of Web adaptation services at all levels follows the following principles:

(1) Receive the teaching resource message sent by the sender;

(2) Store the receiver’s oral English teaching and training messages;

(3) According to the mapping relationship between teaching and training messages and
auxiliary parameters, the transformation or synthesis of Web services and adaptive
parameters is carried out;

(4) Send the required Web service message to the receiver after the stored oral English
teaching training message and parameters are converted or synthesized;

(5) Filter redundant messages or parameters.

set up « Real time training parameters representing spoken English teaching infor-
mation, A represents the auxiliary training characteristics of teaching information param-
eters. The above physical quantities can be used together to schedule the authority of
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the Web service S, Expressed as:
A
= —
a-|As|

drepresents the transmission direction vector of spoken English teaching information
in the auxiliary training system, As refers to the unit accumulation of spoken English
teaching information.

N represents a sample set of spoken English teaching data, di, da, - - -, d, express
n. The values of the unequal teaching data parameters meet the expression shown in
formula (2).

Sa (D

dlvdzv'.'ad}’leg{ (2)

In the adaptation strategy design phase, adaptation analysis can be carried out accord-
ing to the substitutability principle of Web services to determine whether services can
be adapted, and adaptation strategies can be designed to determine whether there are
corresponding receiving or sending actions in the sending or receiving actions to deter-
mine the adaptability. However, in the case of redundant receiving action, the redundant
receiving action may be followed by sending action, but since the redundant receiving
action cannot be performed, any subsequent action cannot be performed.

For any Web service alternative adapter structure that has been successfully devel-
oped and can be successfully applied in practice, one of the most important research
contents is the automatic generation of test papers - test paper generation operation.
According to different teaching tasks and inspection purposes, the requirements for test
papers are also different, and on the basis of fairness and justice, the randomness of test
paper selection is required the scientific organization of the test questions and the ratio-
nality of the test paper arrangement make the test paper generation a difficult problem
in the development of the computer test system [8]. When the computer test system runs
in the network environment, this puts forward higher requirements, not only to continue
to ensure the richness of the content and comprehensiveness of the knowledge points of
the test papers obtained after the test paper generation operation, but also to complete
the test paper generation operation at an extremely fast speed, and to generate the test
papers in time for the candidates to answer.

Set up x represents an alternative parameter, § real time input vector representing
spoken English teaching data, B represents the real-time connection coefficient of Web
service behavior. With the support of the above physical quantities, formula (1) and
formula (2) can express the closed loop definition formula of Web service alternative
adapter as:

+00

- BSa

5=1
(df+dj+---+d2)

In the process of alternative adaptation analysis of Web services, alternative adap-
tation contracts will receive and cache the actions of all services, and generate new
changes. Therefore, the generation process of alternative adaptation contract is a gener-
ation process of STS model, and the final result is an STS model. Finally, the feasibility
of alternative adapters is verified through STS synchronous interaction.

D=|x—-1]- 3)
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3.2 Sensitive Calling Function

The function of the sensitive call function is that every time the student has finished the
first online answer of the computer test system, the server side of the test system will
detail the student Liu Yiyu’s mastery of all knowledge of the course. The main index items
recorded by the system are: exam subjects, exam chapters, types of questions, students’
answers and exam time, etc. The system automatically summarizes these recorded data
into a training set, and in each subsequent test, it will continue to record more data to
get more training sets. After multiple test results feedback, it can control the prediction
performance of sensitive calling functions under the combination of Web services that
can replace the adapter closed-loop.

Regulations g1, g2, - - - , g, express n. There are two unequal and non-zero oral English
teaching data sensitivity training vectors, whose definition formula is as follows:

81 = Vl\/KLl

h
2=V

4)

&n = Vn Kin

Among them, y1, y2, - -+, ¥, respectively n defining parameters of teaching and
training items, h indicates that the Web service can replace the teaching data aided
training feature in the adapter closed-loop, Ki, K3, - - -, K, respectively represent the
auxiliary teaching service vectors matching the parameters defined in the training item.

The input of the sensitive function call path generation technology is the interactive
binary component and its corresponding data stream keywords, and the output is the
sensitive function call path [9] that references the data stream keywords in the interactive
binary component and may lead to security vulnerabilities. The sensitive function call
path is the target of the binary code dynamic instrumentation technology, when it is
applied to the interactive binary component of the device Web service. The fuzzy test
method in this chapter builds an efficient anomaly monitoring mechanism for embedded
Web services by monitoring the sensitive function call path.

Simultaneous formula (3) and formula (4) can define the call path of the auxiliary
training object of spoken English teaching as:

o= () -

¢ represents the spoken English teaching data sample, ¢ represents the transmission
parameters of data flow keywords under Web service conditions.

About Parameters ¢, Parameters ¢, the value condition shown in the constant formula
(6) is true.

R—

D

81 X g2 X --- X gp

o

®)

¢ € (—00,0)U (0, +00)
& € (—00, +00) (6)
dFe
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The binary code dynamic instrumentation technology is a mechanism to obtain
the real-time execution status of the oral English teaching assistant training program.
The traditional binary code dynamic instrumentation technology starts from the entry
function of the target program. For interactive binary components in embedded device
Web services, other functions in front of the Web business functions that actually provide
functional support to the front end Web management interface are not the focus of
program instrumentation.

Use formula (5) to solve the sensitive calling function. The solution result is shown
in formula (7).

i

YR (C+C
z=1
x=1

(7

where, A represents the binary coding parameters of teaching data based on Web services,
f dynamic pile insertion vector representing teaching data, z and x represents two unequal
training program definition parameters, C, indicates parameter based z call coefficient
of teaching data samples, C, indicates parameter based x call coefficient of teaching data
samples,}' represent that the Web service can replace the adapter’s call feature for oral
English teaching assistant training behavior.

The main purpose of generating the sensitive function call path is to find the intro-
duction points of these keywords in the interactive binary components of the back-end
Web service through the data flow keywords in the front and back ends of the Web
service, and extract the sensitive function call path that takes these introduction points
as the starting point and may lead to security vulnerabilities. Avoid the pointless instru-
mentation nodes when traditional binary code dynamic instrumentation technology is
applied to embedded device Web services.

3.3 Fuzzy Training Engine

When designing the oral English teaching assistant training system, in order to avoid
starting from the entry function of the interactive binary component and reduce the
number of stub function paths, it is also necessary to first locate the introduction point
of data stream keywords in the interactive binary component [10] according to the
generation of sensitive function call paths. For the establishment of a fuzzy training
engine, the Web service system needs to adjust the location of the introduction point
according to the category of the parameter class data flow keywords: The direct reference
type parameter class data flow keywords can directly find the introduction point in the
interactive binary component; The introduction point of the cross process reference type
parameter data stream keyword that conducts information exchange between different
processes through nvram depends on the identification of the access function of nvram.
The functions to be concerned about cross process reference are shown in Table 1.
Through the fuzzy training engine analysis technology and the sensitive function call
path generation technology, the embedded device Web service association information
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Table 1. Establishment conditions of fuzzy training engine

Identify Point Objects Engine Functions
Nvram storage nvram.safe.set
Path mapping path.bufget

Para input para.setenv
Keyword function Keyword.paths.api
Ghidra encoding ghidra.path
P-code call P-code.check.call
API Tuning path.caller.chain
Bin service behavior bin.keywd.doShell

has been obtained. The specific definition is as follows:

1 2
X=<WX|A/<|) ®)

Among them, V' fuzzy definition vector representing spoken English teaching data,
Ak represents the unit cumulative amount of Web service invocation code.

The data processing part of the auxiliary training system for oral English teaching for
testing mainly includes two stages: Test case construction and test case compilation. In
theory, test cases need to use data stream keywords as key data to construct test cases, but
in actual testing, unless the sensitive calling function mentions the Web service function
that needs to be “activated”. The fuzzy test engine will directly use the message data
captured in the dynamic simulation phase to participate in the fuzzy test, omitting the
construction process of test cases.

The solution of the test case object of the oral English teaching assistant training
system meets the following expression:

_ |2 — np|
Zb(ml +my 4+ my)

(€))

I indicates the scheduling characteristics of the teaching data engine, ; indicates the
transmission efficiency of teaching data in the auxiliary training system, p represents the
scheduling parameters of teaching data in the training engine, b represents the teaching
data sample import vector, my, my, - - -, my, express n, the binary marking parameters of
teaching data objects that meet the fuzzy scheduling principle.

Simultaneous formula (8) and formula (9) can express the definition conditions of

fuzzy training engine as:
1 .
U= |——— |X B (10)
y X |AT|
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where, AT indicates the unit scheduling duration of spoken English teaching train-
ing samples in the fuzzy training engine, y represents the fuzzy training processing
characteristics of teaching data.

The time for the system to organize students to participate in the auxiliary teaching
training can be very flexible, and can be provided to students for examination at any time
within the time period specified by the school. In addition, the system can immediately
grade and mark the objective questions at the end of the exam and display them to
the examinees in real time. The examinees generally agree with the sense of fairness
and justice that the computer system automatically produces and marks papers. In a
word, this system is based on high-quality test question resources and scientific method
of generating test papers, and based on students’ mastery of curriculum knowledge
points. Through intelligent system operation and practice, it greatly reduces the workload
of teachers in exam organization, and also greatly promotes students’ enthusiasm for
independent learning. Finally, the quality of oral English teaching and the quality of
students have been comprehensively improved.

4 Example Analysis

To highlight the auxiliary training system for oral English teaching based on Web
servicesSpeech recognition architecture system. System based on deep learning The
following contrast experiment is designed for its practical value.

4.1 Experimental Process

The compatibility degree of the test program can be used to describe the level of fault
tolerance of the teaching and training system. Without considering other interference
conditions, the stronger the compatibility ability of the Windows training host for the
test program, the higher the level of fault tolerance of the teaching and training system,
and the stronger the auxiliary teaching ability for oral English education.

Use the equipment components shown in Table 2 to build an online training
environment for Windows teaching network.

Table 2. Experimental Equipment

Item Equipment components Name and model

1 Online teaching host Windows host

2 Data processor i5-13490F

3 Data storage device SQL Database

4 Client device LM393 DIP8

5 Client server STM32F407ZGT6

6 Online teaching terminal DE2-115 Cyclone IV
7 Speech signal recognition element MP802XILINX
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First, input the executive program of the Web service based oral English teaching
assistant training system in the Windows host, record the actual compatibility of the
examination program under the effect of the system, and the results are the experimental
group values. Then, in the Windows host, enterSpeech recognition architecture system.
The actual compatibility of the examination procedures under the effect of the system
is recorded, and the results are compared with (1) group of values; Second, enter in
the Windows host system based on deep learning, record the actual compatibility of the
examination procedures under the effect of the system, and the results are the values of the
control (2) groups. Finally, the obtained variable data are counted and the experimental
results are summarized.

4.2 Data Processing

In order to verify the practical performance of the designed system, the compatibility
degree is taken as the experimental index without considering other interference condi-
tions, and the compatibility ability of the three systems at different times is compared
by accessing single object and multi-object in the examination program. The higher the
value, the higher the fault tolerance level of the system. Under the action of different
training systems, the specific experimental values of the compatibility of the test program
are shown in Fig. 4 and Fig. 5.

Experimental group Control (1) group E Control (2) group E
100

0 - =
80 -
70
60 -
50
40

30

Test program com patibility:%

20

10 20 30 40 50
Time: min

Fig. 4. Test program compatibility (single object access)

It can be seen from the analysis of Figs. 4 and 5 that the test program compatibility
value of the experimental group is significantly different in the case of single object
access and multi object access, and its average value is more than 90%. The test program
compatibility of the control (1) group is relatively high in the case of multi object access,
but its maximum value can only reach 68.2%, which is lower than that of the experimental
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Experimental group Control (1) groupg Control (2) groupa
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Fig. 5. Test program compatibility (multi object access)

group. The test program compatibility of the control (2) group is relatively high in the
case of single object access, but its maximum value is only 76.2%, which is still lower
than the value of the experimental group.

4.3 Conclusion
To sum up, the conclusion of this experiment is:

(1) Based on Speech recognition architecture system, its application is not enough to
solve the problem of low fault tolerance of the teaching and training system, so it
does not meet the practical application needs of improving the ability of oral English
education assisted teaching.

(2) The application of Web service based oral English teaching assistant training system
can improve the compatibility of the examination program, better solve the problem
of low fault tolerance of the teaching and training system, and meet the practical
application needs of improving oral English teaching assistant teaching ability.

5 Conclusion

In order to improve the auxiliary teaching ability of oral English education, an auxiliary
training system of oral English teaching based on Web services is designed. Based on
the advantages of C/S mode and B/S mode, the mixed training architecture is built
reasonably, and the hardware components of the system are built together with user
management module and online examination module. The Web service can replace the
adapter, introduce the sensitive call function and reset the fuzzy training engine, so that
the oral English teaching auxiliary training system can be flexibly applied. The design can
be competent to complete the most important student ability test in the teaching process,
complete the usual practice test and mid-term and final examination, and efficiently and
quickly improve the quality of students’ learning and teachers’ teaching effect.
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Abstract. In order to improve the accuracy of English distance teaching quality
evaluation in online education platform, this study proposes the design of evalu-
ation methods for English distance teaching quality in online education platform.
This method first establishes the selection principle of the quality evaluation index
of English distance education, selects the appropriate quality evaluation index of
English distance education, then determines the collection method of the evalu-
ation index information, processes the collected information, and calculates the
weight of the distance education quality evaluation index by using the analytic
hierarchy process. Finally, the weighted average method is used to obtain the
evaluation result of English distance teaching quality, which realizes the evalua-
tion of English distance teaching quality. The experimental results show that the
maximum integrity of distance teaching quality evaluation index is 96%, and the
maximum information signal-to-noise ratio of distance teaching quality evaluation
index is 95.46%. The results of distance teaching quality evaluation are consistent
with the actual results, which fully proves that the method proposed in this paper
has good application performance.

Keywords: English Teaching - Teaching Quality - Distance Learning - Teaching
Effect - Online Education Platform - Evaluation Method

1 Introduction

With the development of the Internet and artificial intelligence, as well as the construc-
tion of infrastructure, live broadcast has gradually come into people’s view. From the
initial live broadcast of games and entertainment to the live broadcast of goods in recent
years, live broadcast has opened up new scenes one after another. In East Asia, where
education is emphasized, the integration of live broadcasting and education has become
an inevitable trend. In particular, since the COVID-19 epidemic in 2020, teachers and
students across the country have entered a new situation of “no classes and no schools”,
in which online education is an important support, promoting China to carry out the
world’s largest online education practice [1]. 2020 is also the year of online education
reform. All online education companies are eager to seize the favorable terrain and win
the final victory in this sudden encounter. According to the online education industry
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report issued by relevant statistical institutions, the market size of the online education
industry in 2020 will grow by 35.5% to 257.3 billion yuan year-on-year, with the overall
online rate of 23% to 25%. Among them, the acceleration of the online process of the
track of early childhood and quality education, and the K12 discipline training track
is the main contributing factor to the rapid growth of the online education market. In
such a hot track, online education is also in the state of “half angel, half devil”, which
is also controversial when it is sought after by teachers, parents and capital. However,
most of the industries under the epidemic situation had no choice but to press the pause
button, which led to the largest amount of financing in the education field. Science and
technology also continued to make efforts in the education field. The ToB racetrack
blossomed, and education OMO began to rush, of which online education was the most
favored by capital. In 2020, the education industry accumulatively raised 116.4 billion
yuan, including 103.4 billion yuan of online education financing, accounting for 89%.
Thus, online education platform has become one of the main means of teaching.

In recent years, distance education in China has developed rapidly, but there is a
serious lack of evaluation standards to ensure the quality of distance education. Some
researchers have made useful attempts to evaluate the quality of distance learning, but
a unified and systematic evaluation index system has not yet been formed, and the eval-
uation methods of distance learning are not reasonable enough. Therefore, the research
on evaluating the quality of distance learning is not enough, and distance learning has
the following characteristics: large scale, widely distributed regions, complex personnel
background, diversified organizations. In addition, the relatively loose distance learning
system, which is composed of various parts of the distance learning system, is character-
ized by loose structure. It increases the difficulty of collecting evaluation information.
Collecting information requires a lot of time and effort, as well as long-term tracking,
investigation, analysis and sorting of the information received. The teaching quality of
distance learning is difficult to guarantee, which requires a complete, comprehensive
and evaluation system to evaluate it.

The survey data shows that at present, a large number of domestic scholars have
realized the importance of distance learning quality assessment, and have made some
research achievements in distance learning quality assessment [2]. Among them, the
widely used teaching quality evaluation methods are the research of teaching quality
evaluation index system of modern distance higher education and the evaluation method
of network education effect based on fuzzy evaluation method. The former constructs a
three-level index system to evaluate the teaching quality of distance higher education.
To some extent, the problem of distance teaching quality evaluation can be solved by
calculating the comprehensive score, but there is still the problem of linear additivity
among evaluation factors. The latter first establishes the evaluation index system of
online education, and then uses the fuzzy evaluation method to evaluate the quality of
distance education. Both of the above two methods have certain defects, which cannot
meet the follow-up development and application of online education platform, and is
not conducive to the improvement of English distance teaching quality. Therefore, the
research on the evaluation methods of English distance teaching quality in online educa-
tion platform is proposed to provide accurate data support for the formulation of English
distance teaching quality improvement policies. In order to improve the accuracy of
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distance teaching quality evaluation, this study starts with the selection of appropriate
evaluation indicators, first establishes the selection principles of indicators, then collects
the selected indicators, uses the analytic hierarchy process to complete the weight calcu-
lation, and finally completes the final evaluation based on the weighted average method.
It is hoped that this study can provide a literature reference for the related research of
distance teaching quality evaluation in online education platform.

2 Research on the Quality Evaluation Methods of English Distance
Teaching

2.1 Selection of Distance Learning Quality Evaluation Indicators

From the perspective of research objectives, the selection principles of English distance
teaching quality assessment indicators (scientific, systematic, targeted and guiding) are
formulated, and appropriate English distance teaching quality assessment indicators are
selected to lay a solid foundation for the follow-up research.

Teaching is a complex systematic project, and students are the main body of learning.
However, teaching methods have a key impact on students’ learning quality. How to
optimize these teaching methods is a comprehensive project, which needs the support of
teachers, technicians and other resources of the school. Therefore, we should take these
factors into full consideration when setting teaching quality assessment standards, so as
to develop an effective quality assessment system [3]. After summarizing the relevant
contents of the previous article and combining the survey data, this study believes that the
following principles should be followed when developing the distance learning quality
evaluation system, as shown in Table 1.

According to the principles shown in Table 1, appropriate selection of English dis-
tance learning quality evaluation indicators is made, and the selection results are shown
in Table 2.

As shown in Table 2, the selected distance learning quality evaluation indicators are
mainly divided into three layers, of which the number of first level indicators is 4, the
number of second level indicators is 11, and the number of third level indicators is 33,
which can comprehensively describe the actual situation of distance learning quality and
provide support for the accurate evaluation of English distance learning quality [4].

2.2 Collection and Processing of Evaluation Indicator Information

Based on the above selected evaluation indicators of English distance learning qual-
ity, determine the information collection method of evaluation indicators, and process
the collected information to provide a basis for determining the weight of subsequent
evaluation indicators.

If the evaluation experts want to make a comprehensive and objective evaluation of
the evaluated object, they must possess a large amount of evaluation information. Some of
this information is provided by the evaluated unit, and some needs to be collected by the
evaluation experts using various tools and methods. The evaluation system provides rich
auxiliary functions for experts to collect evaluation information [5]. From the perspective
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Table 1. Selection Principles of Teaching Quality Evaluation Indicators

principle Content description

Scientific Combined with the characteristics of distance learning, the setting of
evaluation indicators must be more scientific and reasonable, consistent with
the characteristics of distance learning. The indicator design cannot be static,
and can not be formulated only through historical data. It needs to use modern
information technology to dynamically follow up the participants in teaching
work, find new problems in time, and combine the dynamic with the static, so
as to ensure that the teaching quality evaluation indicators can change with the
development of the times, and ensure that the evaluation indicators are
scientific and reasonable

systematicness | In the process of teaching quality evaluation, we should also pay attention to
the relationship between various elements. Each step is an important part of
teaching work, and each step is closely linked. This requires us to pay
attention to the details and at the same time have an overall plan for the
development of the whole project. Each evaluation indicator must be closely
linked. In addition to considering the rationality of each indicator, it is also
important to maximize the effectiveness of the evaluation system

pertinence When selecting the evaluation indicators for the teaching quality of distance
education, we should fully consider these teaching characteristics and
teaching priorities, and develop a targeted evaluation system. For example, for
the evaluation of teaching preparation, in addition to the content of
courseware, we should also examine the applicability of questions, so that the
final evaluation criteria can be more effective

Orientation In order to give full play to the directional effect of teaching quality evaluation
indicators, it is necessary to study the full attributes of the distance teaching
process, master the key teaching environment, understand the problems
existing in the current teaching process, so that the problems existing in the
teaching process can be tailored to the case, develop appropriate technical
indicators, and guide the development of teaching work. Improve teaching
effect

of expert evaluation, there are many ways to collect evaluation information, and the
following five methods are commonly used, as shown in Table 3.

According to the contents shown in Table 3, and in combination with the research
needs, it is determined that the evaluation indicator information collection method is the
questionnaire method. The collection of evaluation indicator information often shows
the characteristics of incomplete information, inconsistent expression of information,
and being greatly affected by noise. Data cleaning smoothes noisy data by identifying or
deleting outliers, and fills in missing values to “clean” data. Therefore, the main tasks of
information processing are: missing value processing, smoothing noise data, redundant
information removal and information standardization.
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Table 2. Evaluation Indicators of English Distance Teaching Quality

Primary indicators

Secondary indicators

Level III indicators

Distance learning preparation

Distance learning resources

resources material

Network courseware

learning resource

Distance learning environment

information environment

Personal learning environment

Network virtual class or study
group

Student preparation

Technical support system

Online learning skills

Teacher competence

Multimedia Teaching
Technology

Prepare lessons for online
teaching

Distance learning activities

Teaching guidance

Real time communication
frequency

Asynchronous AC frequency

Network guidance

Teaching organization

Teaching arrangement

Compilation of teaching
documents

Implementation of course plan

teaching activities

teaching process

Discussion arrangements

Online Teaching Practice

Operation correction
requirements

Student assessment

Learning support

psychological support

Psychological adjustment

Complaint response

Emotional interaction between
teachers and students

Learning support

E-learning assessment

Learning guidance response

(continued)
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Table 2. (continued)

Primary indicators Secondary indicators Level III indicators

Learning technology response

Reform and development Teaching research teaching activities

Scientific research activities

Further study or training

reform in education Teaching evaluation reform

Discipline teaching reform

Network teaching reform

Table 3. Collection Methods of Evaluation Indicator Information

Collection method Evaluation information Evaluation method

Observation method Morphological information Site visit
Qualitative information

Interview method Morphological information Site visit
Qualitative information

Questionnaire method Morphological information Online assessment
Qualitative information
Quantitative information

Research method Qualitative information Site visit
Quantitative information Online assessment
Role playing Morphological information Online assessment

Qualitative information
Quantitative information

Wherein, the missing values are supplemented by regression estimation method, and
the expression is

Yy =Oto+ZOliﬁik (D

i=1

In Eq. (1), Y; represents the regression estimate corresponding to the missing value
of evaluation indicator information Xy ; ag represents the initial regression coefficient; o;
represents the regression coefficient corresponding to the i-th evaluation indicator infor-
mation; B represents the regression relationship between the i-th evaluation indicator
information and the missing value Xj.

This study uses morphological filtering to filter noise information, and the noise
filtering effect is shown in Fig. 1.

In order to facilitate the research, the evaluation index information after denoising
is recorded as {X1, X, --- , X;,} [6]. Due to the large number of evaluation indicators
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Fig. 1. Example of noise information filtering effect of evaluation indicators

and the impact of the collection process, the evaluation indicator information contains a
lot of redundant information. Covariance is used to measure the correlation between the
two evaluation indicator information. The calculation formula of covariance between
the information of two evaluation indicators is

n

X (X —X)(X; - X)
Cov(Xi, X) = = ——— ()

In formula (2), Cov(Xi, Xj) represents the covariance difference between the eval-

uation indicator information X; and Xj; X represents the average value of evaluation
indicator information; n represents the total amount of evaluation indicator information.
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According to the calculation result of formula (2), the redundancy information
determination rules are formulated as follows:

{ Cov(X,-, X,) > x* Redundancy 3)

Cov(X,-, X/) < x* Normal information

In Eq. (3), x™* represents the judgment threshold for redundant information, which
needs to be set based on actual evaluation indicator information.

The minimum maximum normalization method is used to normalize the evaluation
indicator information, and the expression is

7 = Xi — Xi—min @
Xi—max - Xi—min

In Eq. (4), Z; represents standardized evaluation indicator information; X;_min
and X;_max represent the minimum and maximum values of the evaluation indicator
information.

In summary, record the post-processing evaluation indicator information as
{Z1, 2>, -+, Zy} to provide support for subsequent research.

2.3 Determination of Weights of Distance Learning Quality Evaluation
Indicators

The weight of the evaluation index is directly related to the accuracy of the final evaluation
results, so the research uses the analytic hierarchy process to calculate and determine
the weight of the distance teaching quality evaluation index [7].

The calculation steps of distance learning quality evaluation index weight based on
analytic hierarchy process are as follows:

Step 1: Build the analytic hierarchy process framework.

It is generally divided into three layers, the top layer is the target layer, the middle
layer is the criterion layer or indicator layer, and the bottom layer is the scheme layer.

Step 2: Construction and assignment of judgment matrix.

According to the judgment matrix criteria, the proportion of each factor of a certain
level to a certain criterion is determined by comparing the influence of the lower level to
a certain criterion (or target) of the upper level. It is required to compare the importance
of each element in pairs. The importance is assigned as 1-9. The rules are as follows:

r; and r; are equally important

; 18 slightly more important than r;

r; is significantly more important than r;
r; is more important than r;

r; is extremely important than r;
2/4/6/8 the median value of the above judgment

i

®)

ajj =

O N N W=

In formula (5), a;; represents the importance of any two evaluation indicators r; and

r;, and there exists a; = i
J J ajj
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The judgment matrix can be constructed according to formula (5), and the expression
is

ail a2 ---ain
azl azp - - axp

ajj
Adnl Ap2 * - Anpp

In formula (6), A represents the judgment matrix.

Step 3: Hierarchical single sorting.

Hierarchical single ranking refers to the relative weight of each factor of all judgment
matrices against their criteria, and its essence is to calculate the weight vector. Apply and
principle to normalize and calculate each column of the consistency judgment matrix
to obtain the corresponding weight [8]. Normalize each column of the inconsistent
judgment matrix to approximate its corresponding weight, and calculate the arithmetic
mean of column 7 vector as the final weight. The calculation formula is

1 <& aj
w=sy Y @

" =1y agj
k=1

In Eq. (7), w; represents the weight value corresponding to evaluation indicator ;.

Step 4: Judge the consistency of the matrix.

In practice, consistency test is required to judge whether the matrix meets the general
consistency. Only when the general consistency is met can the logical rationality of the
judgment matrix be confirmed, and further analysis of the results is required. The steps
of consistency inspection are as follows:

a. Calculate consistency indicators CI, expressed as

cr = tma 8)
n—1

In Eq. (8), Amax represents the maximum eigenvalue of the judgment matrix A.

b. The corresponding average random consistency index RI was obtained through a
lookup table, as shown in Table 4.

c. Calculate consistency ratio CR, the expression is

CI

CR=—
RI

€))

In Eq. (9), CR If the value is less than 0.1, the consistency of the judgment matrix is
acceptable.

Step 5: Overall ranking and inspection of levels.

Overall ranking refers to the relative weights of all factors in the judgment matrix
and target layer. This weight is calculated from top to bottom and synthesized layer by
layer. If the relative weight of element mm in layer k — 1 is equal to the overall goal of~! =

T
(w’ffl, a)’z‘*l, el wﬁ’1> , and the individual sorting weight of element j in the upper
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Table 4. Average random consistency index R/ surface

Matrix order RI Matrix order RI

1 0 9 1.46

2 0 10 1.49

3 0.52 11 1.52

4 0.89 12 1.54

5 1.12 13 1.56

6 1.26 14 1.58

7 1.36 15 1.59

8 1.41 - -

T

level of layer nin partk is 8]].‘ = (8’fj, 8’2‘j, cee, 52) ,itis not constrained by j. The weight
of the dominant element is zero or in order 8 = (6]1‘_1, 8]2‘_1, cee Sﬁ_l T, indicating

that there are no k — 1-layer elements in the order of k-layer elements. Therefore, for
the total target k, the total order of layer elements is:
k kook K\ sk k-1
w =(a)1,a)2,-~-,a)n) =8 %" (10)
Similarly, consistency testing is conducted on the overall sorting results. Generally
speaking, if the weight of factor n in layer Bis w;(j = 1, 2, - - - , n), and if one indicator
B; of factor B in upper layer C has a consistency of CI; for a single sorting, and the

corresponding average random consistency index is R/}, then the consistency rate of the
entire hierarchical sorting of factor C is:

n
> wiCl;

cR=C1
= (11)

n
2 Rl
j=1

When the value of CR is less than 0.1, the consistency of the judgment matrix is
acceptable.

Through the above process, we have completed the calculation of the weight of
remote learning quality evaluation indicators and recorded it as {w1, w2, - - - , @, }, mak-
ing sufficient preparations for the subsequent acquisition of remote learning quality
evaluation results.

2.4 Acquisition of Distance Learning Quality Assessment Results

Based on the above results of the selection of English distance teaching quality evalu-
ation indicators, the results of indicator information processing and the results of indi-
cator weight calculation, the weighted average method is used to obtain the English
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distance teaching quality evaluation results, providing data support for the improvement
of distance teaching quality.

The weighted average method can not only comprehensively consider the weight
of experts in the evaluation of different indicators, but also consider the weight of each
indicator itself, which can maximize the accuracy of teaching quality evaluation results
[9]. The teaching quality evaluation result based on the weighted average method is

n
ri % Zi % w;
£= ’ZIT + & (12)

In Eq. (12), & refers to the evaluation result of the quality of English remote teaching;
2 represents the standardization factor; ° represents the error adjustment item of the
teaching quality evaluation results, which determines the accuracy of the teaching quality
evaluation results.

According to the calculation result of formula (12), set the English distance learning
quality evaluation rules as follows:

When the quality evaluation result £ of English remote learning is within the range
of [0, 0.2), it is considered that the quality of English remote learning is excellent.

When the quality evaluation result £ of English remote learning is within the range
of [0.2, 0.5), it is considered that the quality of English remote learning is good.

When the quality evaluation result £ of English remote learning falls within the range
of [0.5, 0.8), it is considered that the quality of English remote learning is average.

When the quality evaluation result £ of English remote learning falls within the range
of [0.8, 1], it is considered that the quality of English remote learning is poor.

Through the above process, we completed the evaluation of the quality of English
distance learning, and provided help for the development of English distance learning
and online education platform [10].

3 Experiment and Result Analysis

3.1 Determination of Weights of Distance Learning Quality Evaluation
Indicators

Calculate and obtain the weights of distance learning quality evaluation indicators
according to the procedures shown in Sect. 2.3, so as to facilitate the follow-up exper-
iments. The weights of distance learning quality evaluation indicators are shown in
Table 5.
n
As shown in Table 5, the weight complies with the rules: > w; = 1. It shows that

i=1
the accuracy of obtaining the weight value of distance teaching quality evaluation index

is high, and subsequent experiments can be carried out.

3.2 Determination of Experimental Parameters

The proposed method adds a parameter error adjustment item in the calculation of
teaching quality evaluation results €°. Its value is directly related to the accuracy of
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Table 5. Weights of Distance Teaching Quality Evaluation Indicators

Secondary indicators weight | Level III indicators weight
Distance learning resources 0.05 resources material 0.02
Network courseware 0.02
learning resource 0.01
Distance learning environment | 0.08 information environment 0.04
Personal learning environment 0.03
Network virtual class or study group 0.01
Student preparation 0.06 Technical support system 0.04
Online learning skills 0.02
Teacher competence 0.12 Multimedia Teaching Technology 0.08
Prepare lessons for online teaching 0.04
Teaching guidance 0.10 Real time communication frequency 0.05
Asynchronous AC frequency 0.03
Network guidance 0.02
Teaching organization 0.08 Teaching arrangement 0.03
Compilation of teaching documents 0.02
Implementation of course plan 0.03
teaching activities 0.18 teaching process 0.06
Discussion arrangements 0.02
Online Teaching Practice 0.01
Operation correction requirements 0.07
Student assessment 0.02
psychological support 0.04 Psychological adjustment 0.01
Complaint response 0.02
Emotional interaction between teachers | 0.01
and students
Learning support 0.12 E-learning assessment 0.05
Learning guidance response 0.04
Learning technology response 0.03
Teaching research 0.10 teaching activities 0.06
Scientific research activities 0.02
Further study or training 0.01

(continued)
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Table 5. (continued)

Secondary indicators weight | Level III indicators weight

reform in education 0.07 Teaching evaluation reform 0.01
Discipline teaching reform 0.03
Network teaching reform 0.03

teaching quality evaluation results. Therefore, before the experiment, it is necessary to
&2 Determine the best value.

Obtain parameters through testing € The relationship with the accuracy of teaching
quality assessment results is shown in Fig. 2.
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Fig. 2. Parameters ¢ Schematic diagram of the relationship with the accuracy of teaching quality
evaluation results

As shown in Fig. 2, when parameter ¢ is 0.6, the accuracy rate of teaching qual-
ity evaluation results reaches the maximum of 96%. Therefore, the optimal value of
parameter error adjustment item can be determined to be 0.6.

3.3 Analysis of Experimental Results

In order to verify the advanced nature of the proposed method, reference [5] method and
reference [6] method are selected as comparison methods 1 and 2, and combined with the
above experimental preparation content, a comparative experimental study on distance
teaching quality evaluation is carried out. In order to prove the application effect of
this method objectively, we choose the integrity of distance teaching quality evaluation
indicators, information signal-to-noise ratio and result accuracy as evaluation indicators.
First of all, completeness refers to whether the evaluation index can comprehensively
cover all aspects of distance teaching. By selecting a complete evaluation index, we can
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understand the quality of distance teaching more accurately, so as to carry out targeted
improvement and optimization. Secondly, the information signal-to-noise ratio refers to
the proportional relationship between the information provided by the evaluation index
and the noise. In the evaluation of distance teaching quality, the index with higher signal-
to-noise ratio can make the evaluation result more accurate and reliable. By eliminating
distractions and noise, we can get a more accurate picture of the true quality of distance
teaching, and evaluate and make decisions accordingly. Finally, accuracy is an important
attribute of the evaluation index, which reflects the degree of consistency between the
evaluation results and the actual situation. Choosing accuracy as the evaluation index
can ensure that the evaluation results of distance teaching quality are in line with the
actual situation. This helps us to find the problems and shortcomings in time, and take
corresponding improvement measures to improve the quality of distance teaching. To
sum up, the completeness, information signal-to-noise ratio and accuracy of distance
teaching quality evaluation indicators are selected as evaluation indicators, which can
help objectively prove the application effect of this method and provide scientific basis
for improving the quality of distance teaching. The specific analysis process of the
experimental results is as follows:

3.3.1 Analysis of the Integrity of Distance Learning Quality Evaluation Indicators

The number of distance learning quality evaluation indicators is too small to compre-
hensively evaluate the quality of distance learning, and the evaluation results obtained
are quite different from the actual results. It can be seen that the integrity of distance
learning quality evaluation indicators plays a vital role. The integrity of distance learning
quality assessment indicators obtained through experiments is shown in Fig. 3.
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Fig. 3. Schematic diagram of the integrity of distance learning quality evaluation indicators

As shown in the data in Fig. 3, under the background of different experimental
groups, the integrity of distance teaching quality evaluation indicators obtained after
the application of the proposed method is higher than that of comparison method 1
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and comparison method 2, with the maximum value of 96%, which indicates that the
selection of distance teaching quality evaluation indicators of the proposed method is
more accurate.

3.3.2 Signal to Noise Ratio Analysis of Evaluation Indicator Information

The SNR values of distance learning quality evaluation index information obtained
through experiments are shown in Table 6.

Table 6. Information SNR of Distance Teaching Quality Evaluation Indicators

Experimental group | Propose method | Comparison method 1 | Comparison method 2
1 89.45 45.12 52.10
2 90.12 32.00 41.23
3 82.10 41.02 42.58
4 95.46 36.59 44.75
5 90.12 38.45 52.31
6 84.45 51.20 40.12
7 71.02 41.29 48.78
8 85.44 52.78 42.13
9 86.32 53.64 32.05
10 85.12 52.18 36.58

Note: The unit is dB.

As shown in the data in Table 6, under the background of different experimental
groups, the signal-to-noise ratio of the distance teaching quality evaluation index infor-
mation obtained after the application of the proposed method is higher than that of the
comparison method 1 and comparison method 2, with the maximum value of 95.46%,
indicating that the proposed method has better information processing effect on the
distance teaching quality evaluation index.

3.3.3 Analysis of Distance Learning Quality Assessment Results

The evaluation results of distance learning quality obtained through experiments are
shown in Fig. 4.

As shown in the data in Fig. 4, under the background of different experimental
groups, the distance teaching quality assessment results obtained after the application of
the proposed method are consistent with the actual results, while the distance teaching
quality assessment results obtained by comparison methods 1 and 2 have alarge deviation
from the actual results, indicating that the distance teaching quality assessment results
obtained by the proposed method are more accurate.
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Fig. 4. Sketch map of distance learning quality assessment results

4 Conclusion

In order to improve the accuracy of English distance teaching quality evaluation on online
education platform, a new method is designed in this study. First, in the process of deter-
mining the quality evaluation index of English distance education, the selection principle
is clarified, and the appropriate evaluation index is screened. Secondly, the collection
method of evaluation index information is developed, and the obtained information is
processed. The AHP method is used to determine the weight of the evaluation index of
distance education quality. Finally, the weighted average method is used to obtain the
evaluation result of English distance teaching quality, so as to achieve a comprehensive
evaluation of its quality. The core of this method is to ensure the accuracy and reliability
of the evaluation index. The experimental results show that the evaluation results of dis-
tance teaching quality are consistent with the actual results and have a certain application
effect. Modern distance education evaluation is an open and dynamic practice process. It
needs to be adjusted in time according to changes in the actual situation, and constantly
corrected and enriched. The content of distance education teaching quality evaluation
conducted by the author is the core of distance education teaching quality evaluation,
but not the whole. Although the distance education teaching quality evaluation index
system established in this study has certain application value, it lacks a large-scale test
of reliability and validity, which is also the goal of the next study.
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Abstract. In order to solve the problem of the limited response ability of the
remote client terminal of the distance education platform, this study proposed a
cloud computation-based distance education platform for secondary vocational
mental health courses. This method first establishes the hierarchical structure sys-
tem of the education platform, optimizes the connection of typical functional mod-
ules and completes the design of the platform application architecture based on the
established platform structure system, then completes the construction of Open-
Stack cloud environment based on the cloud computing service model, and finally
configains the data center system based on the relevant mental health course infor-
mation. Realize the application of various platform technologies. The experimental
results show that the application of this platform can make the remote client termi-
nal instantaneous response rate reach the maximum value within 20 min, which is
8.6Mb/s. The response speed and the client terminal instantaneous response rate
are superior to the comparison method, which has certain application value.

Keywords: Cloud Computing - Mental Health Curriculum - Distance Education
Platform - Hierarchy - Function Module - Openstack Environment - Data Center

1 Introduction

In recent years, secondary vocational school “campus events” caused by mental health
problems have increased year by year, and the mental health problems of secondary
vocational school students have increasingly become the focus of attention of schools,
society and parents. The psychological quality of contemporary secondary vocational
school students not only affects their own development, but also relates to the improve-
ment of the quality of the whole nation, and more importantly, to the cultivation of
trans century talents. For contemporary secondary vocational school students, having a
positive and optimistic attitude towards life, good interpersonal skills, and healthy psy-
chological quality are important factors to ensure their growth and success, and are also
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the basic requirements of the society for high-quality talents. Therefore, it is increasingly
important to set up courses for students’ psychological health education in secondary
vocational schools [1]. The curriculum of mental health education for secondary voca-
tional school students generally takes scientific, systematic and focused teaching of
mental health knowledge to students, and timely education and guidance of students’
mental confusion and psychological problems as the main teaching task, so that students
can learn to adjust their own emotions appropriately while mastering relevant knowledge
and theories, and promote the development of physical and mental health.

At present, more than one hundred countries and regions have carried out distance
education. Since 1998, China has successively carried out pilot work of distance edu-
cation in many key universities. After more than ten years of development, distance
education has trained a large number of talents for the country, and more and more
people have benefited from distance education. The construction of the national net-
work education platform has also made great achievements. Each distance education
pilot unit has its own network teaching platform to provide online independent learning
services for distance education students. However, China has a vast territory, and the
informatization level in remote and poor areas and rural areas is limited, and the software
and hardware resources are scarce. As a result, the investment in distance education in
colleges and universities is uneven, and the education scale and development speed are
different, which makes the country unable to establish a unified standard for distance
education in colleges and universities. Although the remote education platform based on
virtualization and the remote education platform based on mobile embedded terminal
technology can keep the core network host running at a high speed for a long time, it is
difficult to improve the instantaneous response rate of the customer terminal to a high
level due to the particularity of the mental health course and the limited connection of the
lower level device terminals. Therefore, it does not meet the practical application needs
of strengthening the construction of the secondary vocational mental health curriculum
in the education platform system.

Cloud computing is an emerging network architecture with outstanding computing
and storage capabilities, which can be used to deal with various complex problems.
This research combines cloud computing technology with distance education system,
which can give full play to the advantages of cloud computing technology [2]. Use
cloud computing technology to uniformly manage the infrastructure resources required
for distance education, form a virtual resource pool, and provide cloud services for users
through the network. Distance education institutions can rent infrastructure in the cloud
at a lower cost, which is equivalent to having their own servers and other equipment, and
can easily deploy their own applications in the cloud. The on-demand service and elastic
expansion characteristics of cloud computing enable distance education institutions to
use cloud infrastructure according to their actual needs. When leased equipment is not
enough to support the growth of user access, it is only necessary to increase the lease
of equipment in the cloud without changing the application architecture, effectively
avoiding the waste of hardware resources, reducing development costs, thus significantly
increasing the scalability of the development platform.
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2 Architecture Design of Distance Education Platform

The design of distance education platform architecture needs to first solve the problem
of platform demand analysis, and establish the connection relationship between typical
functional modules with the help of the hierarchical structure of each platform.

2.1 Platform Demand Analysis

The distance education platform for mental health courses in secondary vocational
schools mainly uses the advantages of cloud computing technology, which can pro-
vide powerful computing and storage capabilities with the help of ordinary devices, to
develop a distance education platform on the cloud platform built by the OpenStack
project. In this way, we can reduce the waste of resources and reduce the development
cost of the distance education platform. In reality, physical devices are decentralized
and independent of each other. Virtualization technology can say that these decentral-
ized devices can be unified, and virtualization technology can be used to build a unified
virtual resource pool. The same type of physical devices can be integrated as a whole
[3]. The open source components provided by cloud computing system can uniformly
manage resources and provide infrastructure resource services for distance education
institutions.

The functional requirements of the platform are as follows:

(1) The platform should have the characteristics of cloud computing, which can
provide IaaS functions externally, organize distributed physical resources such as com-
puters, servers, etc. to form a hardware resource pool, and conduct unified management
and configuration. At the same time, a visual management interface should be provided
to simplify management operations.

(2) The platform should have a visual interface to facilitate user operation. Users can
register on the cloud platform, obtain certain permissions after verification, log in to the
cloud platform to rent resources in the cloud, and customize the resources they need.
The platform should have the authentication function of identity and authority to ensure
the security of the platform.

The solution expression of platform security application conditions is:

1 .
0= [=[1+(80)] (M

In the formula, p represents the registration characteristics of remote education end
users in the cloud platform system; o represents the response parameter indicating the
connection behavior; B represents the cloud resource sharing parameter; / represents a
customized vector of mental health course resources.

(3) Users can rent cloud devices, customize services and deploy remote education
platforms according to the actual needs of their applications.

(4) The main function of the distance education platform is to provide different
functions for ordinary users of the distance education platform, such as teachers, students
and administrators, respectively corresponding to the teaching, learning and management
functions of the distance education platform.
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The applied function expression of distance education of mental health course in
secondary vocational schools is:

UZX'Z

i=1
u=1

Vi Yu 2

8y

2

In the formula, i and u represent two randomly selected function approval vectors, y;
represents the parameter i based remote education platform response indicator, y, repre-
sents the parameter u based remote education platform response indicator, y represents
the average value of the remote education platform response indicator, § represents
the deployment permission of educational functions, and x represents the validation
coefficient of educational resources.

Formulas (1) and (2) are used to derive the demand analysis expression of distance
education platform as follows:

Y = (%)3 x [¢R2 — (0 x U)] 3)

In the formula, y represents the utilization parameter of educational resources, ¢
represents the development authority of the educational platform, ¢ represents the Par-
tition coefficient of mental health curriculum resources, and R represents the real-time
accumulation of educational resources.

For student users, they can use the distance education platform for independent
learning and various learning support services, such as learning exchange services such
as learning forums, homework resource download, score viewing, course selection and
other functions. For teacher users, the platform should provide teaching functions and
the function of communicating with students. For administrator users, it provides various
management functions, such as user management, score management, student informa-
tion management and other management functions, as well as related data statistics and
summary.

2.2 Platform Hierarchy

The distance education platform for mental health courses in secondary vocational
schools can be divided into two parts, one is the learning platform used by student users,
and the other is the management platform used by various administrators. The learning
platform mainly includes the functions of personal information management, video on
demand, course evaluation, learning exchange, information retrieval, etc. The manage-
ment platform mainly includes the modules of student information management, course
selection management, score management, resourcé management, user management,
etc. The specific function module diagram of the platform is shown in Fig. 1.

There are two main types of users of the learning platform: students and teachers.
Students and teachers have different permissions due to their different roles in the system,
but they use roughly the same functional modules. There are six major module functions:
login authentication module, learning support module, course module, course selection
score module, opinion feedback module, and personal center module. This structure
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Fig. 1. Functional Structure of Platform

mainly provides students with relevant support for online learning, mainly including
learning forums, interest groups, and online Q&A. These three parts provide students
with different learning exchanges; Task reminders are mainly used to remind the recent
Q&A plan and other information; The assignment resources mainly provide the upload
and download services of assignments. Students can view the relevant resources and
assignments of the selected courses, download the relevant assignment topics of the
selected courses, and submit the assignments online [4]. After submission, you can view
the status, scoring and other information of the job. Teachers can view their uploaded
resources, assign homework, download student homework, and upload the corrected
homework to the system after correction.

For the average application capability of the platform hierarchy, follow the expression
shown in Formula (4).

+00
Y &*|AT|
E= % 4)

»#0

In the formula, ¢ represents the upload parameters of remote education resources,
e represents the functional characteristics of the remote education platform application
module for secondary vocational mental health courses, AT represents the unit response
cycle of the remote education platform, and ¢ represents the user classification coefficient
in the education platform system.

Course selection score mainly completes the function of course selection and score
query. Within the specified time for course selection, students can select courses on the
platform, view the scores of the tested courses, and view their own course selection [5].
Teachers can view the performance statistics. Opinion feedback mainly provides two
functions, namely, the website letter and the dean’s mailbox, to feed back the opinions
or suggestions of students or teachers on using this platform. The Personal Center is
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mainly used to view personal related information, such as posts, messages, interest
groups created by users, etc. You can also modify your personal information and platform
password.

2.3 Typical Functional Modules

The typical functional modules of the distance education platform for vocational mental
health courses based on cloud computing include learning forums and interest groups.
The following analysis is made on their application capabilities.

(1) Learning Forum

The learning forum of the distance education platform provides the platform users
with a space for learning and discussion, which can solve the problems students encounter
atordinary times, and is an effective supplement to the real-time question answering mod-
ule. Teachers and administrators can fully communicate with students here. The learning
forum adopts the real name system. The forum is mainly divided into three categories:
public forum, professional forum and course forum. The public forum includes modules
related to system function modules, such as enrollment module, student status module,
educational administration module, etc., and information of corresponding departments
of major online education institutions [6]. The columns of the professional forum corre-
spond to the majors in the teaching plan one by one, providing professional discussions.
The curriculum forum comes from the actual curriculum in teaching, and students and
teachers can conduct curriculum learning exchange in the relevant curriculum forum.
The functional module division of the learning forum is shown in Fig. 2.

Examination Forum

Public forums

Textbook Forum ‘
Academic Affairs Forum ‘

Professional forums

Post

BBS
Course forum View Post ‘
Modify Post ‘
Student posting
Delete post ‘

Fig. 2. Functional module of learning forum

(2) Interest Groups

The interest group is set up by students themselves, which attracts students with the
same interest to participate in the discussion system. Users can freely create and apply for
the participation of users. The number of members sharing resources among members
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Fig. 3. Function module of interest group

of the same group can be up to 100, and this data can be adjusted by the administrator.
The main functions are shown in Fig. 3.

Students can browse all groups under interest groups after logging in. On the interest
group list page, students can view the name, founder account, founder name, creation
time, theme, number of visits and other information of all interest groups, and can filter
and query the interest group list by conditions. The filtering results are still returned in
the same form of list. Students can browse the group or apply to join the group according
to their personal interests and become members of the group only after being approved
by the group leader.

Students can create their own group, view my group and related group information,
and delete the group they created. Resource sharing within the same group. Group
members can upload resources for use by group members, and can leave messages in
the group to communicate with others [7]. Everyone can also delete their own uploaded
files, and the team leader can delete all files in the group. Students can invite others
to join or leave the group. The teacher’s operation of interest groups is consistent with
that of students. The administrator has the management function for the group, mainly
including group resources, adding, deleting, modifying and checking messages, deleting
groups, etc.

3 Platform Technology Implementation

According to the actual connection of the remote education platform architecture, build a
cloud computing service model, and configure the data center with the help of OpenStack
cloud environment system, so as to realize the smooth application of the remote education
platform for secondary vocational mental health courses based on cloud computing.

3.1 Cloud Computing Service Model

Cloud computing is divided into three different service modes from the perspective
of user experience, namely software services, platform services and infrastructure ser-
vices.Infrastructure is provided to users as a service. Here, infrastructure refers to all
available hardware resources including memory, storage devices, network devices, CPUs
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and other basic hardware devices. IaaS uses virtualization technology to form a unified
resource pool for all available hardware devices for efficient automatic management.
Ordinary users can rent equipment on the cloud platform. For educational users, “cloud”
refers to unlimited equipment resources in the network, which can be rented to obtain
infrastructure services and deploy their own applications on it. Although users cannot
control or manage the underlying physical devices in cloud computing, they can decide
which operating system to install and which applications to deploy on the leased devices,
and can also gain control over some network components, such as routers and firewalls.
As shown in Fig. 4.

SaaS P -
Application Terminal
software L Data analysis
. platform applications
services
. Storage of Remote
PaaS Education 8 .
. mental health education
platform service .
N X course service
services operation
resources assembly
Virtualization
Scale
5 . of mental health Automated
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Infrastruct Distance course deployment of
niras n.m ur . resources in remote
e Services Education Ny .
vocational education nodes
Platform
schools

Fig. 4. Cloud computing service model architecture

The platform includes application development platform, deployment platform, etc.It
is an abstract service based on infrastructure resources. Users do not need to care about
how the underlying cloud infrastructure operates, and it effectively avoids the complexity
of hardware facilities, such as the configuration and management of operating systemes,
servers, networks, etc. [8]. Users only need to deploy their own developed or purchased
applications on the leased platform, control the hosting environment of applications, etc.,
and do not need to care about the underlying infrastructure and development platform. It
has the advantages of convenient development, simplified deployment and maintenance.

Software services enable users to access applications through a browser on a client
such as a personal PC, without installing applications on their own computers or servers.
It is a new form for users to obtain software services. Users can subscribe to the software
services they need according to their actual needs. There is no need for complex hardware
equipment, professional developers and maintenance personnel, and software services
can be rented in the form of services only through the Internet, which greatly reduces
the cost of using software for users. In the software as a service layer model, it mainly
provides software services for customers, and these software are running in the cloud.

3.2 OpenStack Cloud Environment Construction

In order to solve the problem of high concurrency existing in traditional platforms, this
study builds a cloud platform for the following reasons: Through elastic resource alloca-
tion and horizontal expansion, the cloud platform can flexibly deploy computing, storage
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and network resources according to actual needs to cope with high concurrency pres-
sure. During high load periods, the system dynamically increases the number of servers
and allocates requests through load balancing technology to improve the throughput and
concurrent processing capability. Secondly, the cloud platform also has a certain auto-
matic scaling function, which can automatically expand and reduce resources according
to preset trigger conditions, which enables the cloud platform to independently adjust the
scale of resources according to the load situation, so as to achieve the purpose of efficient
use of resources. Finally, cloud platforms offer a variety of flexible storage options, such
as object storage, file storage, and databases, to meet the high-throughput read/write and
storage needs for large-scale data. In summary, building a cloud platform provides a
resilient and scalable solution for highly concurrent scenarios, ensuring that the system
can maintain stability, high availability and high performance levels in response to high
load stress. To build a cloud platform, you can simply install the required OpenStack
components on the infrastructure, and the running ability of OpenStack components fully
meets the requirements of cloud computing. Cloud computing is a computing method
that provides users with dynamic, scalable, and virtualized resources in the form of ser-
vices through the Internet. Users do not need to understand the infrastructure supporting
cloud computing. Cloud computing can also meet the needs of different fields, such
as scientific research and commercial fields. Cloud computing is not a new technol-
ogy. Long before the emergence of cloud computing, various related technologies were
developing and maturing, such as distributed processing technology, parallel processing
technology, grid computing technology, public computing technology and software as a
service technology.
The operation capability of OpenStack components is defined as:

AE 2
w=|—) +1 (®)]
dmax — qmin

In the formula, X represents the access parameters of the OpenStack component,
gmax represents the maximum value of the cloud platform response parameters, and
¢min represents the minimum value of the cloud platform response parameters.

The OpenStack cloud environment mainly includes a control node and a computing
node, which are used for testing the cloud platform. There can be multiple calculation
nodes in practical application. The steps for installing a control node and a computing
node are basically the same, but the main installed components are different. Before
installing OpenStack components, it is necessary to analyze the existing hardware envi-
ronment, select the appropriate operating system and determine the OpenStack version;
Then the installation and configuration of authentication server, computing service and
image service; Finally, the installation of storage service and Web control end [9]. For
cloud computing tasks, choose Ubuntu Server 14.04 as the operating system, and use
the Kilo version of OpenStack.

The statistics of OpenStack component computing power conform to the following
expression.

-

Q=<n~A)x\/s%+s§+-~-+sﬁ (6)
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In the formula, A represents the Kilo version running vector of the OpenStack com-
ponent, 1 represents the transmission efficiency of secondary vocational mental health
course resources in the OpenStack cloud environment, and s1, 2, - - -, S, represents n
randomly selected remote education service mirror response parameters.

Install the operating system, configure the network, database and other information
according to the process, and install the control node and computing node. The construc-
tion of an IaaS platform has been basically successful. In the cloud platform, each user
only needs to register an account, and then can configure different instances from the
image to operate resources independently, reducing the management work for the plat-
form administrator. Users can freely use resources, deploy applications, install software,
etc. in the cloud in a customized way.

Simultaneous Formula (5) and Formula (6) can define the OpenStack cloud
environment building expression as:

alf e
D=|- ~Q'§f-§ (7)

In the formula, d represents the educational account registration features on the
TaaS platform, f represents the deployment parameters of remote education resources
for mental health courses in secondary vocational schools, and ¢ represents the cloud
computing response vector in the OpenStack environment.

The OpenStack cloud environment consists of three roles: client, controller, and
computing node. The client has no special requirements for the machine and can be
built using any physical host within the same LAN segment; The controller is composed
of components such as Nova provided by OpenStack, which can be deployed on one
machine or different physical hosts depending on the deployment mode. The remote
education platform for secondary vocational mental health courses based on cloud com-
puting adopts the method of deploying the controller on a single physical machine. The
computing section consists of separate physical machines, which must support virtu-
alization technology. The main function of a computing node is to run a virtualized
instance and provide computing services.

3.3 Data Center Configuration of Education Platform

The data center has an embedded vCenter Server to deploy the vCenter Server, vCenter
Server components and Platform Services Controller on one server. On the contrary, the
centralized architecture separates the vCenter Server and Platform Services Controller
and deploys them on different servers. The specific configuration process is as follows.

Step 1: Use VMware vSphere Client to access the vCenter Server in the browser,
enter the vCenter user name and password, and log in to the vCenter Server.

Step 2: Create a data center in vCenter Server, and enter the name of the data center
“Distance Education Platform Data Center”.

The response capability of the distance education platform data center is defined as:

(8)
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In the formula, AH represents the accumulated distance education resource courses
in the secondary vocational open stack cloud environment, h represents the response
characteristics of the education resource vCenter server component,]’ represents the
response characteristics of the education resource of the platform service controller
project, and A represents the discrimination vector of the education resource.

Step 3: Select the Add Host option in the data center, and add the ESXi host to the
data center through the IP address. During the addition process, you need to configure
several configuration items, such as name and location, connection settings, and license
allocation, to complete the host addition.

In the vSphere virtualization environment, clusters are the basis for virtual machines
to achieve HA (high performance) and FT (fault tolerance). By default, there is only
one working network in the vSphere environment, a virtual switch vSwitch0O, and a
physical network card [10] connected to each ESXi host. To manage and use clusters,
a virtualized environment requires network redundancy and at least two shared storage.
To ensure network redundancy, you need to add another physical network card for each
ESXi host to connect to vSwitchO. Also add network storage for ESXi hosts.

The virtualization operation expression of the distance education platform data center

is:
Ku-(l>2. G(P-1) ©)
~\u

In the formula, u represents the connection parameters of the physical network card
in the data center, and / represents the virtualization fault tolerance vector of the data
center.

Using formula (9), the data center configuration expression is derived as:

+00 .
Y exX
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M=v- |K (10)

In the formula, ¥ represents the real-time response permissions of the data center
for vocational and mental health courses on the remote education platform, & represents
the remote education resource exchange parameters of the data center, X represents the
real-time transmission characteristics of the remote education resources in the platform
system data center, ¢ represents the calibration parameters of the education resources,
V. represents the remote education resource storage vector based on parameter c, and
Vo represents the initial value of the remote education resource storage vector.

Using formula (10), the operation expression of the distance education platform for
secondary vocational mental health courses based on cloud computing is derived as
follows:

w-M
B=— 1D
b
In the formula, @ represents the service parameters of the distance education plat-
form, b represents the real-time service characteristics of distance education resources
for mental health courses in secondary vocational schools.
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So far, the creation and the most basic configuration of the data center have been com-
pleted, and virtual machines can be created in the data center to provide the most basic
services for the remote education platform. After the basic configuration is completed,
the advanced configuration of the data center can be carried out to realize the advanced
features of vMotion, DRS (Distributed Resource Scheduler), HA (High Availability)
and FT (Fault Tolerance).

4 Example Analysis

In order to verify the practical value of the distance education platform for secondary
vocational mental health courses based on cloud computing, the distance education
platform based on virtualization, and the distance education platform based on mobile
embedded terminal technology, the following comparative experiments are designed.

4.1 Principle and Steps

In order to fully verify the practicability of the proposed platform, the instantaneous
response rate of the remote client terminal is selected as the platform performance index
for the following reasons: First, user experience is a key consideration, especially for
remote access and interaction scenarios. The instantaneous response rate of remote client
terminal can accurately measure the response speed of the system, so as to evaluate the
performance of the platform. Secondly, the instantaneous response rate provides a real-
time indicator, which can observe the performance of the system under high concurrent
load in time, help to detect potential problems early and take corresponding optimization
measures. In addition, it has the accuracy to directly measure the response time of user
requests after they reach the system, providing a reliable measure to evaluate the system’s
ability to handle them in real time under different loads. At the same time, the remote
client terminal instantaneous response rate is an intuitive indicator that can be widely
understood and applied to various roles such as system administrators, developers, and
decision makers to evaluate the performance of the platform and provide a basis for per-
formance optimization and improvement. To sum up, choosing remote client terminal
instantaneous response rate as platform performance index can comprehensively evalu-
ate system response speed, timely find performance problems, and provide reliable data
support for decision-making and performance optimization. For the education platform
system, without considering other interference conditions, the faster the instantaneous
response speed of the remote client terminal, the stronger the response ability of the ter-
minal system, which is more in line with the practical application needs of strengthening
the construction of secondary vocational mental health curriculum.
The specific implementation process of this experiment is as follows.

e Use the equipment elements shown in Table 1 to build the distance education
environment required for the experiment.

e Input the executive program of the remote education platform for secondary voca-
tional mental health courses based on cloud computing into the platform host, record
the numerical changes of the instantaneous response rate of remote client terminals
under the effect of the system, and the results are experimental group variables.
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Table 1. Distance Education Environment

Project Experimental equipment Instrument model

1 Distance education terminal STM32F103VCT6

2 Cloud storage server Stc89¢52RC kit

3 Teaching resource processor STM32F407ZGT6 Development Board
4 Data sharing chip PYNQ Linux 7010 chip

5 Terminal server Kintex-7 FPGA

6 Data Register EPM240 CPLD

e Input the executive program of the virtualization based distance education platform
into the platform host, record the numerical change of the instantaneous response rate
of the remote client terminal under the effect of the system, and the results are the
first control group variables.

e Input the remote education platform executive program based on mobile embed-
ded terminal technology into the platform host, record the numerical changes of the
instantaneous response rate of remote client terminals under the effect of the system,
and the results are the second control group variables.

e According to the variable data obtained, the experimental rules are summarized.

4.2 Data Processing

The following figure reflects the specific numerical changes of the instantaneous response
rate of remote client terminals in the experimental group, the first control group and the
second control group.

Second control group
mmmm  First control group
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Fig. 5. Instantaneous Response Rate of Remote Client Terminal
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Further analysis of the experimental data in Fig. 5 shows that, with the passage of
time, the instantaneous response rate of the remote client in the experimental group
shows a trend of first increasing and then decreasing. In the previous experimental stage,
with the increase of the number of concurrent requests, the instantaneous response rate
of the experimental group increased rapidly, reaching the highest value of 8.6 Mb/s.
However, the instantaneous response rate of the experimental group began to gradually
decline, indicating that the processing capacity of the system under high load conditions
is still limited.

Compared with the experimental group, the change trend of instantaneous response
rate of remote client terminal in the first control group was basically the same. At 30 min
into the experiment, the instantaneous response rate of the first control group reached a
peak of 7.2 Mb/s, which was slightly lower than the highest value of the experimental
group. This may be because the first control group used a similar architecture and resource
allocation, but the experimental group was better able to cope with high concurrency
due to the elastic and scalable nature of the cloud platform.

The instantaneous response rate of the remote client in the second control group
increased gradually after stabilizing in the early stage, and tended to decrease in the late
stage. Compared with the experimental group and the first control group, the instan-
taneous response rate of the second control group was significantly lower, and only
reached the highest value of 5.5 Mb/s at 35 min of the experiment. This may be because
the second control group did not adopt the elastic and scalable characteristics of the
cloud platform to effectively cope with high concurrent stress.

In summary, through further analysis of Fig. 5, it can be concluded that the exper-
imental group showed better response ability and the highest instantaneous response
rate in the high-concurrency scenario. The first control group, as the baseline group,
performed relatively well and was close to the experimental group. The instantaneous
response rate of the second control group was significantly lower because the elastic and
scalable characteristics of the cloud platform were not adopted. This further validates the
advantages and effectiveness of using the proposed platform to solve high concurrency
problems.

4.3 Experimental Conclusion

To sum up, the conclusion of this experiment is:

(1) The application ability of the virtualization based distance education platform and
the mobile embedded terminal technology based distance education platform in
improving the instantaneous response rate of remote customer terminals is relatively
weak, which is not enough to solve the problem of limited response ability of remote
customer terminals, nor to achieve the practical application needs of strengthening
the secondary vocational mental health courses in the construction of the education
platform system.

(2) The application of remote education platform for secondary vocational mental health
courses based on cloud computing has significantly improved the instantaneous
response rate of remote customer terminals. Compared with the virtualization based
remote education platform and the mobile embedded terminal technology based



Distance Education Platform for Mental Health Courses 109

remote education platform, it can better solve the problem of limited response capac-
ity of remote customer terminals, so as to realize the construction of the secondary
vocational mental health curriculum in the education platform system.

5 Conclusion

Aiming at the problem of poor response ability of the distance education platform of
mental health course in secondary vocational schools, a cloud-based distance educa-
tion platform of mental health course in secondary vocational schools is proposed and
designed. This paper establishes the hierarchical structure system of the education plat-
form by analyzing the platform requirements, optimizes the docking mode of typical
functional modules, then completes the construction of OpenStack cloud environment
based on the cloud computing service model, and finally completes the design of the dis-
tance education platform by configuring the data center system based on relevant course
information. The experimental results show that the client instantaneous response rate
of the proposed platform reaches 8.6 Mb/s at the 20th min, which is better than the com-
parison method. Thus, it can be shown that the distance education platform of the sec-
ondary vocational mental health course can give full play to the characteristics of cloud
computing technology, provide distance learning services and resource storage services
by using the powerful computing power of cloud computing technology, organize dis-
tributed infrastructure resources in the network by using virtualization technology, form
a unified resource pool, and automatically manage these resources by software. Provid-
ing IaaS services externally can effectively solve the problem of high concurrency on
traditional platforms, improve the instantaneous response ability of clients, and achieve
better application results.
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Abstract. With the rapid development of information technology, multimedia
distance education plays an increasingly important role in modern education. In
order to solve the problems existing in the existing teaching resource management
system, a multimedia distance education resource management system based on
knowledge mapping is proposed. The hardware configuration of the system is
improved based on at 45db80 chip. In order to ensure the operation of the hardware
configuration, the information classification management algorithm of the mul-
timedia distance education resource management system is optimized combined
with the knowledge map algorithm, and the information classification algorithm
and information management process are improved according to the knowledge
map algorithm, so as to realize the design of the multimedia distance education
resource management system. Finally, the experiment proves that the multimedia
distance education resource management system based on knowledge map is more
effective than the traditional management system, and the detection results can
reach more than 90%, which fully meets the research requirements.

Keywords: Knowledge Map - Multimedia Distance Education - Educational
Resources - Resource Management System

1 Introduction

With the rapid development of information technology, multimedia remote education
plays an increasingly important role in modern education. Multimedia remote educa-
tion resources include teaching materials in the form of videos, audio, teaching docu-
ments, etc., which are transmitted to students through networks and other communication
technologies, enabling them to receive high-quality educational resources at any time
and place. However, with the increasing number and diversification of distance educa-
tion resources, effective management and organization of these resources have become
increasingly complex.

The research on multimedia remote education resource management system has
important practical significance and application prospects. Firstly, effective resource
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management can improve the efficiency of educational resource utilization and the shar-
ing of high-quality educational resources. By establishing a comprehensive management
system, educational institutions can better organize and manage various types of teach-
ing resources, ensure timely updates, integration, and sharing of resources, and thereby
improve teaching quality and effectiveness. Secondly, the multimedia remote educa-
tion resource management system helps to meet the needs of personalized learning.
Different students have different Learning styles and rhythms. Through a flexible man-
agement system, students can choose appropriate teaching resources according to their
own needs to achieve the goal of personalized learning. In addition, the multimedia
remote education resource management system also helps to promote the development
of educational informatization. With the popularization and application of information
technology, utilizing multimedia remote education resources for teaching has become
a trend. An efficient resource management system can provide better technical support
and services, promoting the further development of educational informatization.

Reference [1] proposed a teaching resource management system based on Big data
analysis. The system structure includes application presentation layer, service middle
layer, Cloud storage layer and acquisition layer. The teaching resources are collected
through the teaching resources collection module and stored in the Cloud storage mod-
ule. After the division of teaching resources, they are input into the distributed file system
HDFS for management. Reference [2] proposed a teaching resource management sys-
tem based on the recommendation of Collaborative filtering. The system hardware uses
embedded framework technology, uses SN74LVC8T245 logic master as the hardware
central processing core, and carries out multi-dimensional feature matching process-
ing on resource data through embedded communication protocol. The software design
adopts the collaborative filtering mechanism. According to the multi-dimensional feature
processing results of the hardware on the recommended terms, collaborative filtering is
carried out on the term association information, so as to obtain the resource data with
the strongest correlation with the key words, and complete the resource management.

In order to improve the performance of distance education resource management, a
multimedia distance education resource management system based on Knowledge graph
is proposed. The overall research approach of this article system is as follows:

(1) Inorder to ensure the implementation of system management functions and the over-
all stability of operation, the hardware of the system is designed with the AT45DB80
chip as the core.

(2) The Knowledge graph is used to optimize the information classification management
algorithm of the multimedia distance education resource management system.

(3) According to the Knowledge graph algorithm, improve the information classifi-
cation algorithm and information management process, and realize the design of
multimedia distance education resource management system.

2 System Hardware Configuration

The overall functional design structure of the system refers to the composition of the
whole system, as well as the physical and logical relationship between various parts and
elements of the system. The main task of the overall structure design is to define each



Research on Multimedia Distance Education Resource Management System 113

functional module. The system combines the Windows XP operating system and later
versions or the Mac OS X 10 operating system and later versions. System requirements
for running Maya 2013 (64 bit); Windows: 7 SP1 operating system or XP x64 SP2
operating system; Mac OS X 10.7. x operating system; Red Hat Enterprise Linux 6.0
WS operating system. Windows and Linux Intel Pentium with AMD Athlon processor (or
later) supported by SSE3 instruction set. Macintosh: Macintosh computer with Intel 64
bit processor. Certified hardware accelerated OpenGL graphics card. Microsoft Internet
Explorer 8 Internet browser or later, Apple Safari web browser, or Mozilla Firefox
web browser. Correctly handle the internal relations of the modules, as well as the call
relations and data relations between them, define the internal structure of each module,
and display the hardware configuration of the distance learning resource management

system, as follows (Fig. 1):
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Fig. 1. Hardware Configuration of Remote Teaching Resource Management System

In the hardware configuration of the remote teaching resource management system,
the system requirements for running Unity3D 3.5.5: Windows: XP SP2 or later; Mac
OS X: Intel CPU & “Leopard” 10.5 or later. Core dual core Intel Core Duo processor or
higher end model. 1GB memory and above. NVIDIA GeFore GTX_560 graphics card
and higher or ATI Radeon HD_58_50 graphics card and higher configuration (desktop
computer); NVIDIA GeFore GTX460 graphics card and higher configuration or AMD
Radeon HD 7730M and higher configuration (notebook).

The peripheral circuit of the network chip can be connected with the external input
power supply of the remote communication management system. While fully coordinat-
ing the ratio of voltage and current, the scattered electronic flow can be integrated into
a bundle transmission form. Under the condition that the electronic input is maintained
continuously, the GND network chip will spontaneously change from the disconnected
state to the connected state, and feedback the stored electronic parameters to the lower
level execution structure of the system in combination with the three types of resis-
tance equipment components C, R, and M. The actual access resistance of type C resis-
tance equipment is relatively high, which can occupy a large number of transmission
voltage parameters in the case of high-level transmission. Then, according to the real
value matching relationship between type R resistance equipment and type M resistance
equipment, the subsequent electricity voltage division coordination is carried out. The
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L capacitor is located in the middle of the peripheral circuit of the network chip, which
serves as a link between the preceding and the following. It can properly dredge the
accumulated electrons while transferring the transmission current.

The multimedia distance education resource module uses ENC28J60 components as
the core to build the equipment, and the left and right ends are simultaneously equipped
with equal communication transmission interfaces. The left interface is connected to the
input end of the network communication data, and the right interface is connected to
the output end of the network communication data [3]. In the cloud computing network
environment, as the total amount of communication data to be transmitted changes, the
occupation status of the input interface will gradually change. Generally, when the total
amount of data to be input does not exceed 7.5x At 1015T, only the first 10 input ports
can reach full occupancy status; When the total amount of data to be input reaches 9.3 x
At 1015T, all input interfaces can meet the rated transmission standard, but the last
four interfaces can only maintain the intermittent input state. Compared with the input
interface, the output interface has a relatively strong transmission and connection capa-
bility. When the total amount of data to be input keeps rising, these physical interfaces
always have a strong connection capability until the cloud computing communication
information temporarily stored in the ENC28J60 element is completely transferred to
the application structure of the lower system (Fig. 2).
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Fig. 2. Structure diagram of multimedia distance education resource module

Based on the above hardware structure, further optimize the system sensor interface
circuit, separate the data plane and control plane forwarded by the bottom traffic switch
and bottom router, and improve the traditional vertical integration state; Then the network
switch is used as the device for traffic forwarding between the bottom traffic switch and
the bottom router; Finally, the controller is used to control and manage the logically
centralized devices, simplify the allocation strategy, and achieve reasonable allocation
of shared ip resources.
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3 Optimization of Basic Information Management Functions
of Distance Education Resources

The statistical resource module is mainly used to make statistics on the actual utilization
rate of different mathematical education resources. The module functions include the
indicator setting statistics function, the result analysis and processing function, and the
data report function.

The statistical resource module is mainly used to make statistics on the actual utiliza-
tion rate of different Mathematics education resources. The module functions include the
indicator setting statistics function, the result analysis and processing function, and the
data report function. The specific functions of the resource management module include
resource storage, maintenance of the resource library, review of resources, definition of
resource permissions, and management of resource classification systems. The resource
warehousing function specifically includes uploading individual resources and batch
importing. Uploading a single resource refers to the user using a browser to upload a
single resource in the user resource library [4]. Batch import refers to the user resource
library implementing inbound processing of resource packages through this function.
Defining resource permissions in the resource library includes defining the permissions
of resources, administrators, and users.

In the design process of path identification in traditional systems, it is affected by the
pop-up of the previous identification path, making it impossible for the new identification
path to be represented by a single identifier for a route. Under the Knowledge graph,
a route is represented by an identifier. Traffic will not be replaced or lost during the
exchange process, and can all flow into the backbone for identification processing. Once
leaving the backbone network, the pop-up logo reduces the mobility of the underlying
traffic switch, thereby reducing the number of tasks executed by the switch and avoiding
the occurrence of traffic packet forwarding delay. The resource identification format
adopts the MPLS multi-protocol identification exchange header format, as shown in
Fig. 3.
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Fig. 3. Resource ID Format

The resource ID format shown in Fig. 3 shows that this format represents at least
500,000 tunnel ids, which can be used as the alternative path for all devices on the ip
resource backbone network. Since the underlying traffic switch supports multi-protocol
identity exchange header format forwarding, to solve the problem of excessive exchange
information in the above contents, the classification management method of multimedia
distance education resources is adopted to solve the problem of excessive information
in the information controller and traffic switch of the whole network table entries, and
the non-overlapping table entries in the knowledge graph are used for acute specific
aggregation processing of each table entry. The network congestion problem is avoided
by adjusting the convergence density.
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The function of management resource classification system is mainly used to classify
mathematical education resources according to metadata and manage the classification
system. The function of setting statistics for classified indicators is mainly used by
administrators to set statistical parameters, so as to make statistics on different types
of mathematical education resources [5]. The result analysis and processing function
mainly displays the statistical results in the form of data and charts. The data report
function is mainly used to summarize and sort out the statistical data of educational
resources in various time periods and make tables. The specific functions are as follows:

(1) Count resource visits and publish the ranking list of visited resources.

(2) Implement resource statistics according to resource categories.

(3) Make statistics on resource distribution according to media format.

(4) Statistics of mathematical education resources downloaded, uploaded and browsed
by users.

(5) The statistics of mathematics education resources downloaded, uploaded and
browsed by time.

(6) Mathematics education resources download, upload, browse ranking.

(7) Upload company rankings.

The collection of teaching management resource information includes two key links:
link information collection and node information collection. Link information collection
is a process of in-depth integration of teaching management resources. On the premise of
removing redundant scheduling instructions, teaching management resource information
will be rapidly transmitted in the scheduling link. Selective retention of some resource
data with low correlation [6]. The collection process of teaching management resource
information is shown in Fig. 4.
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Fig. 4. Flow chart of information collection of teaching management resources

The resource management module mainly realizes the purpose of managing math-
ematics education resources by constructing and managing the resource base. The
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resource base constructed by resource management module includes platform resource
base and user resource base. The platform resource library is mainly maintained, con-
structed, and managed by the administrator. The user resource library is managed by
the user himself, including the resources uploaded by the user himself, which are not
collected by the platform resource library and audited. The resources in the user repos-
itory that are collected and audited by the platform repository are managed by the user
only after the user has collected them. On the basis of the known time series of teaching
management resources to be controlled, the parameter conditions such as the member-
ship function and fuzzy rule of knowledge graph will not change, and the fuzzy control
coefficient between adjacent resource data becomes the only variable that affects the
definition result of optimization parameters.

4 Optimization of Classified Management Function of Multimedia
Education Resources

In combination with the dynamic network scenario of the knowledge map, all teach-
ing management resources can be divided into multiple components according to the
available spectrum occupancy rate. When the scheduling request disappears, the SDON
architecture will fully release the original spectrum resources, thereby changing the ini-
tial location of teaching management resource data and completing a dynamic schedul-
ing migration operation. Throughout the entire migration operation, the spectrum rate
occupied by teaching management resources is always kept at k, and the upper limit of
virtual resource migration is never exceeded d. Based on this, the dynamic scheduling
and migration standard calculation process of teaching management resources can be
expressed as:

d
G=[]6- 1]z 2vVdk+9* (1)
=1

Among them, G represents the dynamic scheduling and transfer standard for teaching
management resources, s represents the minimum value condition for virtual resource
transfer, z represents the occupancy cycle frequency of the SDON architecture, and
and ¢ represent two different dynamic transfer coefficients, respectively. All parameter
conditions related to teaching management resources are put into the formula, and then
the new scheduling algorithm can run smoothly according to the above operation process.
According to the multiprotocol ID exchange header format, we designed the classified
management of teaching resource scheduling paths, and the results are shown in Table 1.

According to the classified management scheme of multimedia distance education
resources, the task of resource classification is realized under the knowledge map. There-
fore, the classified management of multimedia distance education resources is also ana-
lyzed from three aspects: network sharing structure, control platform and infrastructure.
The bottom layer traffic exchange protocol interacts with the network device to realize
no idle connection of the bottom layer network device. The periodic receiving behavior
is used to obtain the link table item information, and the table item rules are distributed
to the underlying infrastructure through the control platform. After the traffic converges,
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Table 1. Classified Management of Multimedia Distance Education Resources

Network sharing Task scheduling database
structure Identity management Table Item Classification and
Adjustment Management of
Multimedia Distance
Education Resources
control platform Topology information information Table Item Distribution
discovery acquisition Rules
Underlying Network devices support traffic exchange protocols
infrastructure Backbone network Backbone network Backbone network
entrance 1 entrance 2 entrance 3

the control platform can submit the traffic to the network structure for resource shar-
ing [7] through an external interface. The knowledge map can be used to complete the
separation of traffic forwarding and control plane from forwarding plane. On the imple-
mentation layer, the multimedia distance education resource classification management
function can be used to avoid the impact of scheduling on the underlying traffic forward-
ing and maintain high forwarding efficiency. From the physical point of view, the design
concept of overlay network structure is adopted to analyze the remote transmission of
teaching resources, as shown in Fig. 5.
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Fig. 5. Classification management of resources in physical state

The IP resource management and allocation scheme designed from the physical point
of view needs to install a server at the traffic switch, and use the APP traffic detection
software to schedule the traffic. The software can sense the network transmission quality,
and feedback it to the control platform in real time for the controller in the platform to
calculate, thus completing the distribution of the traffic switch table items. Use APP
detection software to summarize the classified management results of multimedia dis-
tance education resources, and analyze the remote transmission of teaching resources, so
as to provide a basis for the design of IP resource management and allocation scheme in
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a logical state [8]. The information processing algorithm is optimized by combining the
information processing flow of multimedia distance education resource management. If
the information set of the multimedia remote education resource management system is
H, the information set can be divided into F' layers, with a common feature of A and an
abnormal feature of B, then any information feature of the dataset will be collected:

W — G — HX (Ea, Eb) o
G + Fk(Ea, Eb)

In the above formula, E represents the level of information feature resolution during
system operation; E represents the data fusion value. Further combining cloud computing
and Euler algorithm to calculate the relationship value between the dependent variable
Ay (x,) of the information management program and the independent variable Bx(y,) of
the teaching program, the specific algorithm is as follows:

On the premise that the total amount of teaching management resource data can meet
the control demand, the deterministic and non deterministic relations are planned and
integrated. When using the mathematics education resource management platform, users
can put the resources they want to collect in their own favorites at any time for future
use. At the same time, users can also add the resources in the favorites directly to the
related resources to build hyperlinks and network knowledge bases of related knowledge.
According to the generation mode of cloud concept, the knowledge map can be divided
into two parts: forward generation and reverse generation. Among them, the knowledge
map of forward generation can establish a standard normal cloud structure according to
the distribution characteristics of resource data to be scheduled. The knowledge map of
reverse generation uses the mapping relationship between resource data to be scheduled
to build a new cloud drop unit. Let |x|, x’ and X represent the expectation, entropy and
super entropy values of the Knowledge graph respectively, and use the above variable
values to express the forward and reverse occurrence characteristics of the Knowledge
graph as follows:

aG—x)?

z=]]B Ay &7 @)
D

2= )A+Bx(y)" 2007 (5)

Among them, z represents the positive occurrence characteristics of the Knowledge
graph, 7 represents the reverse occurrence characteristics of the Knowledge graph, y
representing a random resource data to be scheduled, m represents another random
resource data to be scheduled, but b # m, « represents the standard scheduling coefficient
of the normal cloud, if x represents the basic operational parameters of the cloud drop
unit. Construct a complete time series of teaching management resources. Let Upax
represent the upper limit value of teaching management resource data, and Upyi, represent
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the lower limit value of teaching management resource data. The joint formula (4)
can express the deterministic and non deterministic relationship between the controlled
management resources as follows:

Unmax a@_x/)z
- rilwp —wa) + Ay(x,) 2G—x)2
q9=X = ©)
Unin ZUmaX
Umdx 2
q z y(yD
=X Z 2UminAy — Bx(yn)m — 292 /2(w1 + w2) @)
Umm

Where, g and g respectively represent the deterministic and non deterministic rela-
tionship between the management resources to be controlled, 6; and 6, respectively
represent two different variable definition standards, i and u respectively represent the
data value results of teaching management resources when the standard is obtained, and
w1 and w, represent two different scheduling time nodes. y(w) is artificially defined
as the time series of teaching management resources to be controlled, B represents the
average value of two different scheduling time nodes, and the simultaneous formula (2)
can express y(w) as:

yoo = [[[]1+ @+ 9F——227 ®)
0B—-G)—z+z
In the above formula, @ represents the scheduling coefficient after normalization,
e represents the time quantitative factor of teaching management resources, and g rep-
resents the establishment condition of sequence cycle. For the standard teaching man-
agement resource data set, the adjacent two data always maintain the same scheduling
frequency, but because the storage space occupied by the data itself is different, the
fluctuation peak and valley values in each frequency cycle are also different [9]. In order
to better determine the control and optimization parameters of teaching management
resources, A is defined to represent the scheduling frequency coefficient between adja-
cent resource data, @ represents the average value of the fluctuation peak value in the
frequency period, and k represents the average value of the fluctuation valley value in
the frequency period. Using the above variables, the calculation results of the control
and optimization parameters of teaching management resources can be expressed as:

N= [ Dy +]]1-at ) yw)+Inrldr 9)

*\\éa‘

Where a represents the attribute function parameter of the knowledge map, ¢ rep-
resents the fuzzy scheduling rule, and In r represents the logarithm of the maximum
scheduling operator r based on the natural number. Integrating all the above theoretical
basis, the optimization control processing of teaching management resources based on
knowledge map is completed.

Let «g represent the minimum recommended quantity index of University Online
Learning Resources Based on multiple intelligent algorithms, y represent the average
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access quantity of University Online Learning users in unit time, 81 and f, represent
two different search conditions of learning resources, p; and p represent two different
storage vectors of learning resources, and W represent the application storage conditions
of online learning resources in the first level host, W,, indicates the application storage
conditions of online learning resources on the host at the n th layer. Then:

N(ap — DB — -
Ho(E) = []1- 2 )y{ﬁ‘ P2 S 500 W — paWid (10)

i=1

The evaluation results are graded, converted based on the measured values of the test
system, and marked with 0—100 numerical grades respectively. The benchmark image of
each test system and the score of the tested system are sorted out. The consistency of the
scores shall be tested. The teaching contents in different stages and the different testing
contents and teaching cycles in the same testing stage shall be evaluated respectively.
The two groups of scoring values shall be compared and checked. If the difference
between the scoring values is more than 20 points, it shall be regarded as the system
testing results and be discarded. If the effective scoring times given in the same testing
stage are less than 85% of the total scoring times. Cancel all the scores, and finally
calculate the average score, standard deviation and 95% confidence interval [10] of the
two states of each test image. Based on the above algorithm, the B/S model is applied
to the client information management scheme to standardize the running steps of the
online management system software of colleges and universities, as follows:

1. Input the teaching plan of colleges and universities. Teachers of courses generally
input the teaching plan of the next semester at the end of the semester in class.

2. To modify a college teaching plan, if the administrator or user finds that there is an
error in the teaching information that has been entered, or wants to modify the plan,
he can apply to the superior for approval, and then the relevant staff or the teacher in
the classroom will re authorize the teacher to complete the second correct information
entry.

3. Forthe statistical query of information, all users of the system have their own statistical
functions and query permissions. The query methods include individual query and
combined structure query.

4. The purpose of entering and exporting teaching plans and storing backups is to ensure
that information is not leaked, so the system will automatically check the existing data
regularly, and automatically start the backup if there is a risk of data loss. Ordinary
users have no permission to back up, only the system administrator has.

Based on the above steps, we can standardize and classify the massive educational
information, so as to effectively meet the research requirements of multimedia distance
education resource management.

5 System Test

In order to verify the operation effect of multimedia distance education resource man-
agement system based on knowledge map, the operation effect of traditional online
management system is compared.
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In order to ensure the rationality and effectiveness of the experimental detection
effect, the experimental environment and parameters are standardized.

The experimental environment selects Intel Pentium I V166MXGHz configuration,
SVGA graphics card, memory of at least 168 MB, and storage space of more than
80 GB. Windows NT Information Server 4.2 and Windows 2000/xp, TCP/IP version
network protocol are selected for the Web server operating system. Database: Microsoft
SQL Server 2000. The browser is Internet Explore 5.2.buildSDN experimental platform
of Floodlight+Mininet. The virtual switch of model 2.4.0 is used inside, which can
realize the bottom switching equipment, and support path identification and table item
release functions. Floodlight runs on a separate virtual switch and provides a control
platform for the knowledge map. It is mainly responsible for monitoring the network
link load and dynamically adjusting the table entries; Mininet is used to design the
network topology and support information interaction between the network structure
and the control platform on Floodlight. The protocol data packet is transmitted to the
host through the programming language script language, and the traffic is poured into the
backbone network. The following table reflects the details of the experimental parameter
settings of the model machine in the experimental group and the control group under
the same experimental environment (Table 2).

Table 2. Experimental Parameter Setting Table

Parameter experimental group control group
EMT 60 60

/(min)

CEC 0.52 0.52

IMD 64.17 64.17

/(%)

1PQ 0.63 0.63

IDD 71.24 71.24

I(T)

In the above table, the EMT parameter represents the experimental time, the CEC
parameter represents the implementation coefficient of the knowledge map, the IMD
parameter represents the ideal extreme value of the matching difference, the IPQ param-
eter represents the ideal dispatching authority amount, and the IDD parameter represents
the ideal extreme value of the fragmentation degree. To ensure that the experimental
results have strong persuasiveness, the experimental parameters of the experimental
group and the control group are always consistent.

In the above experimental environment, the operation stability of the traditional
system and the system in this paper is recorded. For the convenience of recording, the
operation and detection results of the online management system of higher education
in this system are recorded as A, and the detection results of the traditional comparison
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system are recorded as B. The specific experimental results are shown in the following
figure (Fig. 6):
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Fig. 6. Analysis of Experimental Results

Based on the above monitoring results, it can be seen that the multimedia remote
education resource management system proposed in this paper based on the knowledge
map has obvious stability effect in the application process. Because of the traditional
system, it further simulates the resource congestion problem in the network, uses 60
services as the experimental object, and concentrates these 60 services between switches
1 and 2. That is, between the subnets 168.11.0.0/9 and 168.12.0.0/9, the two links are
congested. The knowledge map is mainly used to represent a route by an identifier. In this
process, there will be no replacement or loss, and all of them can flow into the backbone
for identification processing; However, in the process of designing path identification in
traditional systems, the impact of the pop-up of the previous identification path will make
it impossible for the new identification path to realize that one route can be represented
by one identification. In order to illustrate that the method of knowledge mapping is
more effective than the traditional system for rational allocation of IP resources, it is
necessary to compare the two methods, collect and report the current network information
of the path, and uniformly schedule the path to the background router through the path
quality detection service for path selection, so as to control the classified management
of multimedia distance education resources; However, the traditional system directly
schedules the traffic, which is easy to cause traffic packet delay, jitter, packet loss and
other problems in the link. In order to illustrate that the knowledge mapping method is
more effective than the traditional system for ip resource management and allocation, it
is necessary to compare the two methods.

Select 5 virtual switches, and the table entries generated are random. Analyze the
table entries of the converged virtual switches by counting the number of table entries.
The actual number of aggregation table items is shown in Fig. 7.
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Fig. 7. Actual Aggregation Table Item Quantity

As shown in Fig. 7, according to the statistical results of aggregated table items,
the traditional system and the knowledge map management system are used to compare
and analyze the table items in each switch after aggregation. The results are shown in
Table 3.

Table 3. Table Items of Switches with Different Methods

Number IP Range Traditional system Knowledge Graph
management scope Management System
Management Scope
1 168.11.0.0/9—168.12.0.0/9 168.32.0.0/9— 168.12.0.0/9
168.35.0.0/9 —
168.15.0.0/9
168.11.0.0/9 168.43.0.0/9— 168.21.0.0/9
—168.12.0.0/9 168.45.0.0/9 —
168.24.0.0/9
168.30.0.0/10 168.72.0.0/10 168.35.0.0/10
—168.35.0.0/9 —168.78.0.0/9 —
168.42.0.0/9
2 168.48.0.0/9 168.78.0.0/9 168.11.0.0/9
—168.48.0.0/9 — —
168.145.0.0/9 168.128.0.0/9
3 168.128.0.0/9 168.145.0.0/9 168.11.0.0/9
168.128.0.0/9 168.188.0.0/9 168.192.0.0/9
4 168.192.0.0/9— 168.188.0.0/9 168.11.0.0/9
168.192.0.0/9 — —
168.193.0.0/9 168.187.0.0/9
5 168.187.0.0/9 168.193.0.0/9 168.11.0.0/9
168.187.0.0/9 168.199.0.0/9 168.193.0.0/9
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By comparing the IP range after the convergence of the traditional system and the
IP range after the convergence of the knowledge map management system in the table,
it can be seen that the accuracy of the resource management range can be effectively
improved by using the knowledge map management system, which cannot be verified
by using the traditional system. By comparing the exchange items in the classification
management of multimedia distance education resources between traditional systems
and knowledge map management systems, it can be seen that the knowledge map method
is more reasonable for resource allocation. In conclusion, it is feasible to use knowledge
mapping management system to manage and allocate ip resources.

6 Conclusion

Aiming at the security requirements of network teaching information in colleges and
universities, a multimedia distance education resource management system based on
knowledge map is proposed. The fusion of knowledge map technology has the advan-
tages of low cost and high reliability, which can effectively solve the problem of low
monitoring accuracy in traditional management systems. Although the system has good
application prospects, the stability of the system needs further investigation.
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Abstract. In order to improve the quality of Chinese online education personal-
ized course content push service, the weighted information entropy is introduced
to design and research the content push service of Chinese online education. Based
on the interest preference of Chinese online learning of foreign students in col-
leges and universities in China, complete the construction of personalized portrait
of foreign students in colleges and universities in China; extract features from
the contents of personalized courses of Chinese online education; calculate the
similarity between the contents and images of various courses by using weighted
information entropy; and realize the push of the contents of personalized courses of
Chinese online education of foreign students in colleges and universities in China
by using collaborative filtering algorithm. Through comparative experiments, it
is proved that this method can improve the classification and push precision of
course content, shorten the execution time and recovery time.

Keywords: Information Entropy - College Students Studying in China - Chinese
Education - Online Education - Personalization - Online Courses - Content Push

1 Introduction

At present, colleges and universities to study in China exist in a variety of circumstances,
the need for Chinese language learning to adapt to China’s higher education. Specifically,
from the perspective of nationality distribution, students are mainly from Thailand, South
Africa, Morocco, Bangladesh, Kazakhstan, South Korea and other countries. Students
come from non-English-speaking countries and need to be assisted by a second or even
a third language. From the source of students, it is divided into academic students and
non-academic students, of which non-academic students accounted for the majority. At
the language level, some students had taken short-term courses before they came to
China, and could understand the basic classroom language and dialogue. At the age
level, degree students are exchange students, while non-degree students include college
preparatory students and social workers from all over the world. From the point of view
of internal needs, the students with academic qualifications are the auxiliary study of
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the course of this major for the completion of Chinese teaching; the students without
academic qualifications are divided into the students with normal communication and
exchange in life, and other students can continue to study the professional contents of
the selected major only after they have systematically studied Chinese and passed the
HSK examination. According to the curriculum arrangement and standards, the students
studying in China not only have the knowledge and content of Chinese, but also have the
cross-cultural content, such as the advanced study of Chinese culture courses [1]. The
following courses are offered according to the types of teaching and students’ needs: HSK
training course, Chinese comprehension, Chinese reading and writing, Chinese spoken
language, Chinese listening and Chinese culture. Many foreign students cannot come to
China to study Chinese, they need to study Chinese and take Chinese examinations in
advance. Therefore, we need to pay attention to their online learning.

Make use of the information and network platform to integrate the Internet and
Chinese international education, make use of the advantages and characteristics of the
network, create new opportunities for the development of Chinese international edu-
cation, make Chinese international education adapt to the new development. With the
increasing demand for Chinese language learning all over the world, how to provide
effective Chinese language learning resources and Chinese language learning platforms
for foreign students in colleges and universities will become an important task for the
development of international Chinese language education. The construction of online
course content resources is an important basis for promoting the development of Chinese
language learning of foreign students in colleges and universities.

The motivation for researching personalized course content push methods for Chi-
nese online education for international students is to meet their personalized learning
needs, improve learning effectiveness, increase learning motivation and interest, and pro-
vide diverse learning resources. By customizing course content and adjusting it according
to students’ learning progress and ability level, it can better help international students
understand and master Chinese language knowledge. At the same time, various types
of textbooks, learning materials, and multimedia resources are provided to enrich stu-
dents’ learning experience. This personalized course content push method can enable
international students to actively participate in learning, improve the effectiveness and
efficiency of learning. In recent years, a large number of Chinese learning platforms and
Chinese learning resources have been emerging, which has brought trouble to the use of
Chinese learning resources by college students. Under this background, it is extremely
urgent to carry on the push research to the on-line Chinese teaching curriculum. A
scholar [4] has proposed a trust awareness recommendation approach based on a deep
sparse automatic encoder to generate the user’s potential characteristics, using reliability
metrics to select implicit ratings to enhance rating profiles for users with insufficient rat-
ings. Reliable enhanced rating profiles and trust statements can be used as input to deep
sparse autoencoders to generate the user’s potential characteristics. Calculates similarity
between users and makes recommendations. One scholar [5] created an initial glossary
of terms from the existing user learner profile and used the course ontology to determine
the exact needs of users. Metadata is initially classified using the XGBoost algorithm,
and core data sets are classified using rich user terms. Then, the concept similarity is
calculated by genetic algorithm to calculate semantic similarity, which is recommended
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to users. In practical application, all kinds of push methods do not need the user to pro-
vide a clear goal, but can directly find the information that the user may be interested in.
However, there are still some drawbacks in the application of push method. For exam-
ple, the resources pushed for users are too similar to the content of user history query
records. Based on the introduction of weighted information entropy, this paper tries to
design and study the individualized push method of Chinese online education curriculum
resources. The innovation of this research lies in the use of weighted information entropy
to calculate the similarity between course content and image, and the combination of
Collaborative filtering algorithm to achieve the construction of personalized image of
foreign students in Chinese universities and the push of online education course content,
S0 as to meet their interest in online learning in China.

2 Personalized Portrait Construction of Chinese Online Education
for Foreign Students in Colleges and Universities

In the online Chinese education for college students studying in China, the basic infor-
mation of college students studying in China and the data that can indicate the users’
interests and preferences shall be obtained, and these information and data shall be
cleaned and converted to generate labels through statistics and analysis, and the con-
struction of personalized portraits of the users of the online Chinese education platform
for college students studying in China shall be completed [6]. In order to improve the
accuracy of the push method, a personalized portrait of Chinese online education for
college students in China is constructed by integrating the interests of college students
in China, and the interest of college students in China is represented by a spatial model:

U ={(T,W1); (To, W2); - -+ ; (T, W)} (D

In the formula, U represents the spatial model representation of the user interest of
the university students studying in China; 71, T3, ..., T, represents the dimension label
of the user interest of the university students studying in China; Wy, Wa, ..., W, repre-
sents the weight of a dimension label of interest. When creating the personalized portrait
of Chinese online education for foreign students in colleges and universities, the corre-
sponding portrait is generated according to the classification number of the contents of
the education courses read by foreign students in colleges and universities. Assuming
that the number of occurrence of the classification number at the end of the users of
the returned university students in China is greater than or equal to m, the label in the
portrait shall be “classification number”, and the weight shall be “the number of times
the corresponding course content of the classification number has been borrowed by the
returned university students in China”, and m shall be the subsequent filter parameter
condition. In addition, in the content of online Chinese education courses, there are also
user message boards, comment data and other resource information of some overseas
students of colleges and universities in China. For this part of content, the method of
manual labeling may be adopted [7] to take the key words in the resource information as
the portraits of overseas students of colleges and universities in China, and continue to
assign weight to the personalized portraits of overseas students of colleges and universi-
ties in China in accordance with the specific content of messages and emotions contained
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in comments of overseas students of colleges and universities in China [8]. Based on the
above contents, we can not only describe the users of Chinese online education, but also
reduce the operation burden of Chinese online education platform and provide favorable
conditions for the subsequent courses.

3 Feature Extraction of Chinese Online Education Courses

Firstly, it is necessary to determine the distribution of the content data of online Chinese
education courses. In the environment of heterogeneous data storage of the content data
of online Chinese education courses, the preference for decision-making characteristics
of the content data of online Chinese education courses shall be introduced, and the
integration of the personalized portrait of users of overseas Chinese students of colleges
and universities in China and the content characteristics data of online Chinese education
courses shall be realized [9]. In this process, the following formulas may be used:

B P(x)
B ; (Vi(x) — Pi(x))

Q(x) )

In the formula, Q(x) represents the characteristic data of the content of online Chinese
education courses obtained through the above operation; P(x) represents the personalized
portrait label of the users of overseas Chinese students of colleges and universities
corresponding to the characteristic data; V;(x) represents the characteristic value of
all the content of online Chinese education courses; P;(x) represents the personalized
portrait label of the users of overseas Chinese students of colleges and universities
corresponding to a specific content of online Chinese education courses. On the basis
of the above formula, the integration of the personalized portraits of foreign students in
colleges and universities and the feature data of the content of online Chinese education
courses needs to be completed, and on the basis of this, the integration of the feature data
of the content of online Chinese education courses itself is also required. The process
can be expressed by the following formula:

S=¢* - 5+¢"-A 3)

In the formula, S represents the objective function for feature extraction of the con-
tent of a Chinese online education course; ¢° represents the weight coefficient for feature
extraction under § push delay condition [10]; and ¢# represents the feature extraction
weight when the consumption is A in the feature extraction of a certain Chinese online
education course content. Based on the above operations, the integration of various
resources in the Chinese online education curriculum should be realized. After the inte-
gration, the characteristic data should be reconstructed in multi-dimensions [11]. The
data can be reconstructed by the method of fusion and matching, and the reconstructed
data can be imported into the Chinese online education course content push database.
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4 Course Content Similarity Calculation Based on Weighted
Information Entropy

Weighted information entropy is a measure of data uncertainty. It is the information
entropy of weighted data. In information theory, entropy is a measure of uncertainty
of random events. It represents the average amount of information contained in all
events in a set of events. Weighted information entropy takes into account the weight of
each event when calculating entropy, which can be any positive number [12]. Weighted
information entropy can be used in data compression, data classification, data analysis
and other fields. The implementation steps are shown in Fig. 1 below:

Calculate the similarity between two
information items

Evaluate the probability of each information
item's value

Information entropy Calculation Based on
Information Item Value Probability and
Information Item Similarity

Fig. 1. Flow of information entropy calculation

In order to improve the efficiency of pushing and reduce the burden of pushing,
weighted information entropy [13] is introduced to calculate the similarity of Chinese
online education courses.

During the calculation, the information entropy is used to describe the push
probability of the course content:

HE ke ®
p PL P2 -+ Pn

In the formula, X represents a random variable for discrete course content; p rep-
resents X push probability distribution. The lower the information entropy is, the more
orderly the curriculum content is, and the higher the information entropy is, the more
chaotic the curriculum content is. Assuming that the information entropy of a certain

course content in the Chinese online education course can be expressed as H (X ), the
following formula may be used as the basis for calculation:

H(X) = rly(x)] (&)

In the formula, y(x;) represents the logarithmic negative value of the probability
of a given course content being pushed; r represents the result of the ordered degree
measurement of Chinese online education content [14]. Convert formula (5) further to
the following formula:

- 1
HX)=Y pi log, - (6)
i=1 !
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In the formula, p; represents the probability that category I of an online Chinese
course is pushed. The information entropy can be used to describe the confusion degree
of the content information of online Chinese education courses, and to provide a basis
for judging the unity of the content information. When there is only one category in the
content of a Chinese online education course, the value of p; is 1 and the value of H (X)
is 0. When the probability of pushing n classifications is the same, then p; turns to the
reciprocal of the number of classifications, that is 1/n, H (X ) has the maximum value,
log, n. After the content similarity of Chinese online education courses is calculated,
the basis for subsequent collaborative filtering of the course content is provided. On this
basis, we can also measure the similarity between the content of Chinese online education
courses and the interest of foreign students in China. Assuming a grade difference of
D between one user A and another user B for the same course content, the following
formula can be used to calculate the value of g:

g = lga — gl = (ld1l, |dzl, - - - |dul) @)

In the formula, g4 means that user A scores the content of Chinese online education
courses; gg means that user B scores the content of Chinese online education courses;
dy, dy, ..., d, means that user A scores the difference between user B and user A on each
item of Chinese online education courses. After calculating the difference between user
A and user B on the content of the same Chinese online education course, this difference
is analyzed in frequency. Classify the difference value and calculate the probability of
each classification. Assuming that in the process of frequency statistics, g is subdivided
into M values, in extreme cases, when each value of g is different, M = N exists; when
each value of g is the same, M = 1 exists. The total frequency of g occurrence can be
obtained by summarizing the frequency of the occurrence of a category. The weighted
information entropy of g is calculated in combination with the above formula (6). The
range of information entropy is 0—oo. When the value of information entropy is 0,
the similarity between user A and user B is very similar. By using the above methods,
we can not only calculate the similarity of two universities’ students studying in China,
but also calculate the similarity of many universities’ students studying in China. For
example, suppose that between user A and user B, the g value of user A is 1, and the
g value of user B is 2; between user A and user C, the g value of user A is 3, and the
g value of user C is 4, and if the similarity between user A and user B is 1, then the
similarity between user A and user C is also 1. Based on the above logic, we determine
the similarity between all the users of Chinese online education courses, and carry out
subsequent collaborative filtering and push of the courses.
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5 Collaborative Filtering Push of Chinese Online Education
Course Content Resources

Through the above calculation, we can get the similarities between the contents of
Chinese online education courses and those of foreign students in China, and feedback the
preferences of foreign students in China. For several users of Chinese online education
courses, a user rating matrix can be established according to the way shown in Fig. 2.

cl c2 c3 c4 c5 c6 c7 ¢c8 9 cl0ecll
ul rl, 5

u2 r2,2 r2, 8

u3 r3, 4 r3, 1

ud|r4, 1 r4, 7

ub 5,7 5, 1

ub 6, 4 6,8

Fig. 2. Scoring matrix of university students studying in China for course contents

In Fig. 2, u represents foreign students from universities in China, c represents the
content of the course, and rij represents the results given by users of foreign students
in universities in China. The gray areas in the image indicate that university students
coming to China did not receive or grade the course content. In Fig. 1, RIJ can be divided
into two types: explicit feedback and implicit feedback according to the specific forms
of Chinese students’ behavior. Based on the feedback results given by overseas students
from colleges and universities in China, the following formula is used as the threshold
for collaborative filtering of resources:

Sim(A, B) x (r4 — rp)

S =t TN G a, B)

®)

In the formula, f represents the collaborative filtering threshold for resources; r4
represents the scoring results given by user A for all the evaluated push course content;
Sim(A, B) represents the similarity of scoring results given by user A and user B for
the same push course content; and rp represents the scoring results given by user B for
all the evaluated push course content. Take the value of f as the basis for collaborative
filtering of resources. If the threshold of collaborative filtering of resources for a given
course content is calculated and the result is greater than f after calculation, the course
content does not meet the push conditions and is filtered from the push results[15]; if
the result is less than or equal to f, the course content meets the push conditions and is
retained in the push results and displayed on the real interface for overseas students in
China, so as to achieve the individualized course content of online Chinese education
for overseas students in China (Fig. 3).
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Data collection

!

Personalized image construction

!

Feature extraction

Weighted Information Entropy for
Calculating Similarity

Collaborative filtering algorithm
pushes course content

Fig. 3. Flow chart of the algorithm implementation

6 Experimental Results and Analysis

6.1 Experimental Preparation

133

But this method is still at the stage of theoretical research. In order to popularize this
method and evaluate its effect, we need to design and compare experiments on the basis
of existing research. Therefore, the following will take the design of comparative exper-
iments to test the effectiveness of this method. Using literature [4] method and literature
[5] method as the control group, this paper compares and analyzes the recommendation

effects of three recommendation methods in the same experimental environment.

In order to test the effectiveness of the content push method of Chinese online
education personalized course for foreign students in colleges and universities in China,
a simulation experiment is conducted (Table 1).

Table 1. Test environment

Environmental parameter Parameter value

CPU Intel Cy Young G4900
RAM Kingston DDR4 2400 16G
(ON) Windows 10
Programming languages Java

Programming environment Eclipse3.2

The resources used in the experiment are a university database, which extracts Chi-
nese online education courses and other related contents for foreign students in China
as data sets. The dataset contains 20, 000 pieces of data and is divided into five datasets,

as shown in Table 2.
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Table 2. Data sets tested

Data set number Sample size
1 2000
2 1000
3 3000
4 1500
5 2500

6.2 Comparison of AUC Indicators

The AUC value is chosen as the evaluation index. The AUC value refers to the surround-
ing area under the work characteristic curve ROC. The higher the AUC value is, the
better the effect of the recommendation method is, the more reasonable the subsequent
recommendation is. In the course of the experiment, three recommendation methods are
set up to classify the personalized course content of Chinese online education for foreign
students in colleges and universities in China with the data volume of 200 Mbits to 1000
Mbits, and in the course of classification, the ROC values of each of them are calculated
according to the following formulas:

ROC = ( —L)/L )

In the formula: / means the data of the correct classification of the personalized
course content of online Chinese education for overseas Chinese students in colleges and
universities; L means the total data of the personalized course content of online Chinese
education for overseas Chinese students in colleges and universities. The ROC values
of the three recommended methods are calculated according to the above formulas, and
the results are drawn as the experimental results shown in Fig. 4.

Proposed
Reference [5] method

Method \/ —
~

0.8

go0.6- 7 T X
~= e " Referénce [4]
______________ Method
0.4
0.2

| | | |
200 400 600 800 1000
Data volume/Mbits

Fig. 4. Comparison of AUC values
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As can be seen from the two curves in Fig. 4, the ROC value of this method is
obviously higher than that of Reference [4] Method and Reference [5] Method. There-
fore, through the above experimental results, it is proved that the proposed method can
classify the content of personalized course of Chinese online education for foreign stu-
dents in China accurately in practical application, and provide more favorable conditions
for pushing the content of personalized course of Chinese online education for foreign
students in China.

6.3 Comparison of Push Accuracy

Based on the comparison of the three methods, 5 international students were selected as
the experimental volunteers, who were numbered A, B, C, D and E. Three push methods
are used to push the corresponding Chinese online education personalized course content
according to the students’ preference. Compared with the click rate, the push precision
is quantified. The results are recorded in Table 3.

Table 3. Comparison of click-through rates for push course content

User Click through rate of this Reference [4] Method click | Reference [5] Method
method (times/100 Mbits) | rate (times/100 Mbits) click-through rate
(times/100 Mbits)
User A |23.65 9.22 15.52
UserB |24.72 8.54 16.34
User C | 25.86 6.26 12.76
UserD |27.24 7.25 14.36
UserE | 29.55 9.62 15.33

From the experimental results in Table 3, it can be seen that the click-through rate of
the proposed method is more than 22 times, the click-through rate of the reference [4]
method is less than 10 times, and the reference [5] method is less than 17 times. It can
be seen that the Chinese online education personalized course content pushed by this
method is more welcomed by the overseas Chinese students, and more in line with the
actual needs of the Chinese online education personalized course content.

6.4 Implementation Time Comparison

The average execution time of this method is 238 ms, the average execution time of
reference [4] method is 467 ms, and the average execution time of reference [5] method
is 512 ms. Compared with other methods, the implementation time of this method is
significantly reduced, and the speed of content push is accelerated. The efficiency of this
method is higher (Fig. 5).
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6.5 Reliability Comparison

In order to test the reliability of the method, some unstable conditions are artificially
created. When the method changes in the working environment of the platform, the
result is shown in Table 4. It can be found from Table 4 that the method of pushing
the individualized course content of Chinese online education for foreign students in
colleges and universities in China has reached a stable state in a short time, with the
scope of [100.2, 184.2], while the time for the method of reference [4] method and
reference [5] method to reach a stable state is obviously prolonged, with the scope of
[105.6, 390.9] and [319.5, 405.6], respectively, which indicates that the method of this
paper is more reliable, more able to adapt to the change of external environment, and
has stronger robustness.

Table 4. Reliability Comparison

Degree of change in
working environment

This method achieves
steady state time/ms

Reference [4] method
to reach steady state
time/ms

Reference [5] method
to reach steady state
time/ms

Very large 184.2 390.9 405.6
Big 167.7 207.1 388.6
General 130.6 189.8 341.5
Small 114.7 158.2 327.6
Very small 100.2 105.6 319.5

The method proposed in this paper stands out from traditional approaches in several
aspects. Firstly, it demonstrates superior application performance by providing different
results tailored to different types of overseas Chinese students. The classification of
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course content based on personalized interests achieves higher ROC and AUC values,
enabling the delivery of courses that align with the specific preferences of individual
overseas Chinese students.

Furthermore, the verified method in this paper successfully pushes personalized
course content for online Chinese education to overseas Chinese students over 22 times.
This indicates a significant level of interest among university-level overseas Chinese
students in the content recommended by the proposed method, surpassing the outcomes
of alternative approaches. The average time required for content push in this method is
238, which is remarkably fast. This not only enhances user satisfaction but also facilitates
regular online education activities for overseas Chinese students in universities.

It is worth noting that the method in this paper exhibits greater stability compared
to other approaches when subjected to external disturbances. The recovery time from
disturbance to stability is significantly shorter at 18.24 ms. This reliability contributes
to the overall effectiveness and comprehensive promotion of the proposed method.

In conclusion, the distinctive features of this method, including its ability to deliver
personalized course content and its superior stability and reliability, make it a valuable
technical support for online Chinese education among college-level overseas Chinese
students.

7 Closing Remarks

Based on the introduction of weighted information entropy, this paper puts forward
a method of pushing the content of Chinese online education personalized course for
foreign students. Based on the analysis of user portraits of foreign students in Chinese
colleges and universities, this paper extracts the features of personalized course con-
tents of Chinese online education. Through experiments, the advantages of the push
method are verified from the classification accuracy and push accuracy of the course
content. From the analysis of execution time and reliability index, the performance of
push method is verified. In the practical application, if we can push the content of Chinese
online education for the students in China according to the above ideas, we can not only
provide the service, but also promote the overall operation quality of the platform. In
future research work, we will build an online learning platform to provide an interactive
and social learning environment for international students, encourage them to commu-
nicate, share experiences and resources with each other, and enhance the interactivity
and sociality of learning.
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Abstract. There may be situations of resource dispersion, information isolation,
and duplicate construction among different universities, resulting in low efficiency
and uneven quality of resource utilization. Therefore, studying how to estab-
lish a resource sharing system for innovation and entrepreneurship education in
universities is of great significance. The conventional university innovation and
entrepreneurship education resource sharing system mainly uses the Web Server
system to process service requests, which is susceptible to the impact of service
binding and retrieval, resulting in long system query time. Therefore, it is neces-
sary to design a new university innovation and entrepreneurship education resource
sharing system based on the cloud service platform. The hardware part is designed
with FPGA chips, IDE controllers, and PIO transmitters. The software part is based
on the cloud service platform to build an education resource sharing scenario, con-
struct an education resource sharing architecture, and design an innovation and
entrepreneurship education resource function module to shorten the time for edu-
cation resource sharing. Integrating hardware and software to achieve resource
sharing of innovation and entrepreneurship education in universities. The system
testing results indicate that under the preset testing environment, the performance
of the university innovation and entrepreneurship education resource sharing sys-
tem designed in this article based on the cloud service platform is good, and all
functional modules have passed the system testing, proving that the designed edu-
cation resource sharing system has a certain degree of reliability and has made a
certain contribution to promoting the development of university innovation and
entrepreneurship.

Keywords: Cloud Service Platform - Universities - Innovation -
Entrepreneurship - Sharing of Educational Resources

1 Introduction

The research background of the resource sharing system for innovation and entrepreneur-
ship education in universities lies in the current problems of dispersed, isolated, and
repetitive construction of innovation and entrepreneurship education resources among
universities [1]. To address these challenges, establishing a resource sharing system is of
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great significance. This system can integrate innovation and entrepreneurship education
resources from various universities, providing comprehensive resource support, includ-
ing high-quality teaching content, entrepreneurship cases, and mentor guidance [2—4].
Through resource sharing, the cultivation of innovation and entrepreneurship abilities
can be promoted, and the diversity of teaching quality and methods can be improved. At
the same time, resource sharing systems can also improve resource utilization efficiency,
avoid duplicate construction and resource waste [5]. In addition, the system also promotes
innovation and entrepreneurship research and practice, providing a broader platform for
academic exchange, cooperation, and incubation and transformation of innovation and
entrepreneurship projects [6]. In summary, studying the resource sharing system for
innovation and entrepreneurship education in universities is of great significance for
improving the quality of innovation and entrepreneurship education, promoting the cul-
tivation of students’ innovation and entrepreneurship abilities, and promoting innovation
and entrepreneurship research and practice.

Reference [7] proposed a teaching resource sharing system based on Microser-
vices architecture, and built an education resource cloud sharing architecture based on
Microservices architecture. On this basis, Design education resource collection module,
education resource attribute annotation module, education resource storage module and
education resource retrieval module, provide users with education resource collection,
upload, storage and retrieval services, and realize the operation of university education
resource cloud sharing system. Reference [8] proposes an education resource sharing
system based on the VEM framework, which consists of four levels: preprocessing, fea-
ture extraction, classification, and sharing of teaching resources through collaborative
work. In the preprocessing stage, redundant information is removed to reduce system
storage space. The feature extraction module uses the semantic Adjacency matrix to
calculate the feature value of the vocabulary in the resource and select the vocabulary
with larger feature value. In the classification module, the Hyponymy and hypernymy
is used to build a classification framework, calculate the relationship strength between
each word pair, and achieve classification according to the different strength. Store the
resource numbers that have completed the classification separately, and teachers can
directly search for the completed resource sharing. Although the above two systems can
achieve the sharing of educational resources, they have the problem of long sharing time
and are difficult to meet the user’s usage needs.

A university innovation and entrepreneurship education resource sharing system
based on cloud service platform is proposed to address the problems existing in the
existing education resource sharing system. By combining FPGA chips, IDE controllers,
and PIO transmitters, the sharing function of the system is achieved. The software
part achieves rapid sharing of educational resources by building sharing scenarios and
building a cloud platform sharing architecture.
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2 Hardware Design

2.1 FPGA Chip

Educational resource sharing system uses FPGA chip as processing chip.In addition to
the FPGA configuration chip and the memory chip necessary to run the SOPC system,
peripheral interfaces related to system functions are added to the peripheral devices [9].
Most processing tasks and peripheral drivers in SOPC system can be implemented in
FPGA chip, and its composition block diagram is shown in Fig. 1 below.

VAG
FT245

VGA
OUTPUT M3128
4BIT
RGB
[
SDRAM IDA

FLASH% CLK

Fig. 1. FPGA chip composition block diagram

As shown in Fig. 1, FPGA is the core processor, and all designs in this paper are
based on FPGA.EPCS4, M3128, FT245 and USB BLASTER form the configuration
circuit of FPGA.EPCS4 stores the load file of FPGA. After the system is powered on,
the system will transfer the load file into the FPGA to generate logical circuits. FLASH
is used to store the running code of NIOS II in case of power failure. When the system is
powered on, NIOS II starts from FLASH and loads the code into memory. SDRAM and
SRAM are the memory of NIOSII soft core runtime. The IDE adapter cable converts
the signal sequence to the sequence required by the IDE hard disk and connects it to the
hard disk. VGA and PS2 are used for data display and external control of the system to
complete human-computer interaction [10].

This paper uses the FPGA development board DE1 as the development platform.
The DEI development board is a multi-functional FPGA development board developed
by Youjing Company. The FPGA model it uses is the EP2C20 of Cyclone II series.
There are abundant peripheral interfaces on the DE1 development board, which can
connect a variety of external devices, including audio interface, VGA interface, RS232
interface, SD card interface and PS/2 interface. In addition, the DE1 development board
also provides two sets of 40 pin general GPIO interfaces, which enables it to expand a
variety of functions. In addition, the crystal oscillator on the DE1 development board
can provide 50 MHz, 27 MHz and 24 MHz clocks, which can meet the requirements of
general design.
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The FPGA adopts Cyclone II EP2C20 of Altera Company, which has about 18000
logic units, 240000 bit on-chip memory, four phase-locked loops and 52 9-bit hardware
multiplier memories. Its logic resources are rich and cost-effective. The main modules
involved in this design are NIOSII. CPU, various peripherals in SOPC system, IDE
interface controller and VGA controller. After testing, the total logic resources used in
these four parts account for about 50% of all FPGA resources, so the logic resources of
FPGA can meet the system requirements and leave a large space for expansion.

Another important parameter of FPGA is the capacity of on-chip memory. The on-
chip memory of Cyclone II series is generally insufficient. Because of the need to open
up memory for two CPUs, and the implementation of NIOS II CPU also requires a lot
of on-chip memory. Therefore, off chip SDRAM and SRAM are required. The SRAM
used by the DE1 development board is 512 K bytes, and the SDRAM is 8M bytes, which
can meet the system requirements.

2.2 1IDE Controller

IDE interface is a hard disk interface protocol jointly defined by CDC, Compaq and
Western Digital and finally recognized by the American National Standards Institute,
also known as ATA/ATAPI interface protocol. Due to the continuous development of
technology, people have higher requirements for the transmission speed of stored data,
which leads to many problems in the use of ATA/ATAPI interface protocol. After contin-
uous improvement, a total of 7 versions have been produced, namely ATA/ATAPI-1 to
ATATAPI-7.Among them, ATATAPI-7 has not been widely used, and only Maxtor has
launched a series of hard disks adopting ATA/ATAPI-7 standards. To maintain product
compatibility, each new version is based on the old version and can support subsequent
versions.

ATA/ATAPI - 6 is also called ATA/ATAPI 100 because it can theoretically make
the transmission rate of the hard disk reach 100MB/s. It can use 40 pin and 80 pin
transmission cables, and ATA/ATAPI-6 protocol still supports lower versions. Devices
using ATA/ATAPI-4 and ATA/ATAPI-5 protocols do not need to update the version,
but can directly use the ATA/ATAPI-6 interface. This not only makes users who have
already invested no longer have to waste money to update their equipment, but also
enables equipment manufacturers to update product versions without losing their original
customers. In this way, their enthusiasm for using new technologies has been greatly
improved. This has greatly promoted the development of ATA/ATAPI protocol *.

The minimum unit of hard disk data storage is sector, that is, at least one sector must
be read or written every time data is read or written. The addressing mode of hard disk
sector includes physical addressing mode (CHS addressing) and logical addressing mode
(LBA addressing).Physical addressing refers to addressing using the physical storage
form of hard disk. The physical address consists of “track number - head number - sector
number”. Logical addressing refers to numbering the sectors in the hard disk from 0,
and the sector number is the logical address.



University Innovation and Entrepreneurship Education 143

ATA/ATAPI-6 protocol adopts LBA addressing mode. The conversion of head and
track in physical addressing will take a long time. LBA addressing can avoid this problem.
LBA addressing speed is faster when carrying out mass data transmission. ATA/ATA-
6 protocol specifies the mechanical parameters of IDE interface, and the connection
interface of IDE controller is shown in Fig. 2 below.

40 pin

AN

40
10 pin

T LTt

Fig. 2. IDE controller connection interface

It can be seen from Fig. 2 that the left part is the signal line, with a total of 40 pins,
of which 20 pins are not connected. The right part is the hard disk jumper, with ten pins
in total. The jumper is used to set the number of the hard disk in the PC to determine
whether the hard disk is the primary hard disk or the secondary hard disk. The connection
of the hard disk jumper of different manufacturers is different. Only one hard disk is
used in this article, so the hard disk is set as the main hard disk. The hard disk used needs
to be shorted with jumper caps for pin G and pin H to indicate that the hard disk is the
main hard disk. If you want to set the hard disk as a slave hard disk, you need to use a
jumper cap to short the C and D pins.

The host sends commands and relevant parameters to the disk device controller
through registers, and controls the disk device controller to execute relevant commands.
The host can master the command execution of the disk device controller by reading
the contents of the register.CS0, CS1, DA2, DA1, DAO are the address signals of the I/0
register, and the storage parameters are shown in Table 1 below.
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Table 1. Deposit Parameters

CSO CS1 CS2 CS3 CS4
N A N N A
A N A A A
A N N N N
A N A A N
A N N N A
A N A N A
A N A N N
A N N A A
A N N A N
N N X X X

Table 1 shows that there are as many as 63 commands defined in ATA/TAIP-6 pro-
tocol, and some of them are only applied in specific transmission modes. Here we only
introduce the four main commands used in this article: READ SECTOR (S), WRITE-
SECTOR (S), READ DMA, and WRITE DMA. The command codes of the four com-
mands are 20H, 30H, C8H, and CAH. To execute the above commands, the system
needs to first write the required parameters to the relevant registers, and then write the
command values to the command registers.

IDE hard disk has two transmission modes: PIO and DMA. DMA transmission
mode can be divided into two types: multi word DMA transmission mode and serial
DMA transmission mode. Register transmission must use PIO transmission mode, and
data transmission can use both modes. Each transmission of PIO mode group data
needs to achieve a complete preparation timing and end timing. The actual time of data
transmission is only a small part of the whole time sequence. A small amount of data
in PIO mode has little impact on the speed, but it will greatly reduce the transmission
efficiency when a large amount of data is transmitted. And every transmission requires
CPU participation, which will take up a lot of CPU time, reducing the overall efficiency
of the system.

PIO transmission mode can be used when the amount of data is small. DMA mode
only needs to realize the preparation timing and end timing once for each group of
data transmission.Its preparation timing and ending timing are more complex than PIO
mode.The advantages of DMA transmission are not obvious when the amount of data
is small, but the efficiency and speed of transmission will be greatly improved when
the amount of data is large.According to the above discussion, the system adopts the
mixed use of PIO mode and DMA mode.This is because the design task is to store
a large amount of data to the disk, while reading data only needs to be completed in
the PC.Therefore, when storing data to the hard disk, the amount of data is large, and
DMA transmission mode is adopted.When reading data from the disk, the amount of
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data is small, and PIO transmission mode is adopted. The structure block diagram of
IDA controller is shown in Fig. 3 below.

DMA
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Module
Control
Transmi Data channel
ssion module
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cre check IDE
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asynchronous fifo

Fig. 3. IDA Controller Structure

It can be seen from Fig. 3 that the synchronization design makes the timing control of
the whole system more simple, and it is easy to avoid many timing problems. If multiple
clocks are used, the same clock source and cabling resources cannot be used for cabling
during system integration. Different clock sources provide clocks at different times,
which will lead to different clock delays between different modules, causing problems
with data retention time and reducing data transmission speed. In this design, the whole
system uses the same clock, avoiding the clock matching problem caused by using mixed
clocks. In addition, the trigger resources of FPGA are very rich, while the combinational
logic resources are relatively small. The synchronous design can make full use of the
advantages of FPGA.

Avalon bus interface is responsible for communication with NIOS II CPU. This
article uses it as an interface for custom peripherals. It is used to receive the control
commands and related parameters of the CPU, respond to the read operation of the
CPU, and provide the running results of the IDE controller to the CPU. The IDE con-
troller data is converted to the Avalon bus format for transmission. The module con-
trol and PIO transmission module is responsible for interpreting CPU commands and
controlling the operation of the entire IDE controller. It converts CPU commands into
operations that need to be executed. For example, after receiving DMA read commands
and sector addresses, it sets the registers that need to be read and written to execute DMA
read commands, stores the relevant parameters in the registers, or reads the contents of
the relevant registers and judges the operation of the IDE interface controller. As PIO
transmission is closely related to the above contents, PIO transmission will also be real-
ized in this module. It includes the realization of register transmission timing and PIO
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transmission protocol. After realizing the signal timing required for PIO transmission,
it transmits the signal value to the IDE interface module, and controls the transmission
outside the IDE interface module.

2.3 PIO Transmitter

The timing used for PIO transmission is the same as that used for register transmission
except for the width of the data line. The PIO transmission data line is 16 bits, and the
register transmission is 8 bits. The PIO implementation circuit and module control circuit
all use register transmission timing. In order to reduce FPGA resource consumption, this
design uses the method of module reuse to implement them in one module. In this way,
half of the logic resources can be saved, and the transmission speed will not be affected.
The module block diagram of the PIO transmitter is shown in Fig. 4 below.

Command Execution
Module

!

counter

!

Read write selection
module

!

timing generator

Fig. 4. PIO transmitter module block diagram

As shown in Fig. 4, the module receives information from the following three reg-
isters: w_r_ flag is used to receive disk device initialization, PIO read, PIO write, DMA
transfer and other operation commands;file_ reg_ _addr is used to receive the address
of the register to be operated: addr__reg is used to receive the sector address of the data
to be read or written. The command execution module receives CPU instructions and
sector address values from the Avalon bus interface, and implements the PIO read, PIO
write protocol, and DMA transfer protocol command parameter writing. This module
is based on the_r_The CPU command received by the fag register prepares the relevant
register parameters required, and controls the timing generation module to store them in
the corresponding register or read the contents of the register. The read/write selection
module is used to select the data transmission direction. The transmission conversion
conditions at this time are shown in Table 2 below.
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Table 2. Command transmission conversion conditions

Conversion conditions Content description

1 The host starts PIO transmission

2 Activate the disk and write PIO transmission commands and
parameters

3 Disk device is fully turned on

4 BSY =0,DRQ =0

5 BSY =1

6 BSY =0,DRQ =1

7 Interrupt enable is closed and data register reading is completed

8 Data register read incomplete

9 Data register reading completed, execute all commands

It can be seen from Table 2 that combined with the above command transmission
conversion conditions, the commands issued by the system can be executed to improve
the operating reliability of the system.

3 Software Design

3.1 Building Educational Resource Sharing Scenarios Based on Cloud Service
Platform

In the education resource system, it mainly includes two subjects: user group and resource
group. The user group is mainly composed of students, teachers and other members of
the public, while the resource group mainly refers to a large number of digital education
resources existing in the education resource system, such as teaching materials, coaching
materials, handout courseware, books and journals, teaching audio and video, exercise
books, examination questions, etc. The cloud service platform is a large-scale virtual and
extensible platform, which can use infrastructure as IaaS, platform as PaaS and software
as SaaS. Therefore, according to the characteristics of the cloud service platform, this
paper has built an educational resource sharing scenario, as shown in Fig. 5 below.
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Fig. 5. Educational resource sharing scenario

It can be seen from Fig. 5 that student users are the main body of the education
resource system, so they are also the main group using education resources. If you want
to recommend resources to students more accurately, you must design a resource rec-
ommendation scheme specifically for the characteristics of student user groups. Student
users are learners. It is precisely because they need to increase knowledge that they
need educational resources, so there is a demand for learning. Different students have
different characteristics in terms of learning background, learning style, learning ability,
etc., while different educational resources have different characteristics in terms of back-
ground information, material type, difficulty, etc. Paying attention to students’ person-
alized characteristics and selecting appropriate resources for them can more effectively
improve students’ learning efficiency, stimulate students’ interest and improve students’
learning pleasure, Make students enjoy the learning process more.

Just like the diversity of students’ demand for resources, the types of educational
resources are also very diverse. The resource model we have established should not
only distinguish the differences of resources, but also reflect the basic characteristics
of resources. The characteristics of educational resources mainly include background
information, material types, difficulty, etc.

The effective information of resources to students is calculated through a series of
matching algorithms. We can think that when the amount of effective information of
educational resources for student users is relatively high, the student user will be more
matched with the educational resources. Students can meet their needs better by learning
the resources, so we can recommend the resources to the students. On the contrary, if the
amount of effective information of educational resources for student users is relatively
low, the matching degree between the two is also relatively low. It is considered that
this resource cannot meet the needs of students, so it is unnecessary to recommend this
resource. The resource matching similarity can be calculated according to the above
sharing scenarios and resource allocation principles cos 8, , as shown in (1) below.
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b-c

cos) = ——
D] * |c|

(1)
In formula (1), b and ¢ respectively represent resource matching vectors in different

Vector space. At this time, in order to measure the correlation between resources, Pearson

correlation coefficient p(x, y) needs to be calculated, as shown in (2) below.

DX ¥ Yi — nXyi
(n—1)

In formula (2), x; and y; respectively represent the correlation vector, n represents
the matching dimension, and Hamming distance refers to the total number of different
bits of characters at the corresponding position of two strings of the same length. It can
also be used to calculate the difference between two vectors. Formula D is shown in the
following (3).

px.y) = 2)

n
D= x @y 3)
i=0

In formula (3), the values of each one-dimensional feature of two vectors are character
based. It is difficult to calculate the similarity between two vectors with character based
values using traditional methods. Here, we introduce an encoding method that represents
the strings of each dimension of the vector using the corresponding binary encoding.
Therefore, we can assume a binary vector. The calculation equations SI and RI are shown
in (4) and (5).

SI = {So, S1, ..., Sn} 4)

RI ={rg, 11, ..., N} &)

In formulas (4) and (5), So, S1, ..., Sy represents the resource matching vector before
using binary encoding, and rg, ry, ..., 7y uses the resource matching vector after using
binary encoding. Based on the analysis of the similarity calculation methods of the above
vectors, it can be seen that the Pearson correlation coefficient calculation requires at least
two overlapping parts of the two vectors. When the overlapping parts are less than two,
the Pearson correlation coefficient cannot be calculated, This is very unfavorable for
calculating the correlation between two vectors; Although cosine similarity can be used
to calculate the similarity of any two n-dimensional vectors, its solving process is very
complex; The calculation of the Hamming distance of the two vectors is very simple, and
the accuracy of the results is also very high. Therefore, this paper uses the calculation
of the Hamming distance as a measure of the similarity of the basic information vector.
D(SI/RI) is calculated as follows (6).

D(SI/RI) =) Sy ®ry (6)
i=0

The above education sharing scenario can effectively improve the system throughput
and make the system run more smoothly.
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3.2 Building an Educational Resource Sharing Architecture

The overall function of the educational resource sharing platform studied in this paper
is divided into two parts: the Web end and the client end. The Web end includes the edu-
cational resource sharing platform, personal real name cyberspace and the background
management system of the sharing platform. Clients include PC client, Android client
and IOS client. Ordinary users and administrators can upload and share various educa-
tional resources on the sharing platform. Resources can only be viewed, downloaded
and displayed in the foreground and client software after being reviewed and released
by the administrator.

This paper mainly studies the unified management, standardized processing, dis-
tributed storage and real-time retrieval of uploaded resources under the support of
Hadoop technology, so that users can use various resources more quickly and conve-
niently for learning and communication. The users of the educational resource sharing
platform mainly include six categories: students, teachers, parents, super administra-
tors, ordinary administrators and tourists who have not registered with the system. The
continuous expansion of the scale of educational resources, the variety of types, and
the different ways of expression make the sharing of educational resources become the
bottleneck of the development of distance education and online education. In order to
unify and standardize the information representation and storage among educational
institutions, so as to retrieve the resources needed by users more efficiently and accu-
rately, it is necessary to design and develop a resource sharing platform suitable for
massive educational resource storage and retrieval. The platform is composed of three
systems: resource sharing platform, real name cyberspace and client software. Users can
freely jump between the three systems to carry out personalized learning, collaborative
learning and communication. The designed educational resource sharing architecture is
shown in Fig. 6 below.

It can be seen from Fig. 6 that the resource sharing platform is divided into two mod-
ules: front and back. The front desk provides access for ordinary users and tourists, and
the back desk is the interface for administrators to manage the system. The front desk
provides users with multi-functional basic education resource services, such as curricu-
lum resource ranking, resource retrieval, resource upload and download, resource online
demonstration, resource sharing and other functions. At the same time, the platform also
adopts an effective integral incentive mechanism to encourage users to actively share
all kinds of high-quality teaching resources and achieve the convergence of high-quality
resources. The background provides a good interface for administrators to manage the
whole system. Administrators can manage users, roles, resources, logs, exams, and
credits by category.

Real name cyberspace mainly provides learning, social and management services,
and provides effective learning and social environment for teachers, students and parents,
such as online learning, lesson preparation and office, social interaction, etc. Users can
not only work and study in their own learning space, but also enrich their after-school life
on the social platform. The client software is an effective expansion of resource sharing
platform and network real name space, providing support for online teaching and com-
munication of teachers, enriching teaching forms and improving the traditional teaching
mode. Teachers, students and parents can also conduct instant messaging, file exchange
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Fig. 6. Educational resource sharing architecture

and mutual learning through the client, which greatly promotes the communication and
cooperation among users.

3.3 Design Innovation and Entrepreneurship Education Resource Function
Module

The resource sharing platform is mainly responsible for the effective organization of
basic education resources and user resources, the centralized collection and construction
of basic education resource database, and the provision of educational resource sharing,
resource evaluation, resource display, social interaction, online learning, mutual learning,
online office and other functions for basic education authorities, teachers, students and
parents. The cross platform instant messaging capability is provided through the client
software to facilitate users to access the platform through multiple terminals at any time,
anywhere, and provide the background management system to manage various resources
and maintain the application system to ensure the stable and efficient operation of the
entire platform. According to the platform architecture, the entire educational resource
service platform includes three parts: the resource sharing platform Web end, personal
real name cyberspace and client software. Its specific functions are as follows:

(1) Web front desk: including login, resource ranking, resource search, resource details
view, resource upload, resource display, resource evaluation and resource download;

(2) Web end background: including portal management, user management, role man-
agement, space management, resource management, exam management, score
management and log management;

(3) Personal real name cyberspace includes teacher space, student space, parent space
and their common functions, providing users with online office, online learning,
social interaction and other functions.
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(4) The client software is an extension of the resource sharing platform and personal
real name cyberspace functions. It not only includes the main functional interfaces
provided by the first two parts, but also adds instant messaging, lesson preparation,
homework and other functions, and provides support for online teaching, specifically
including the PC side, Android side and IOS client. The top-level structure of the
functional module is shown in Fig. 7 below.

portal site

—

back-stage
management

o

Space

—

client
software

PC Androad 10S

Fig. 7. Top structure of function module

It can be seen from Fig. 7 that the Web end is mainly divided into two modules:
portal and background management system. The foreground function module is mainly
the platform for ordinary users and tourists to carry out relevant operations, while the
background management system provides interfaces for various administrators to mon-
itor and manage the entire system. The super administrator is mainly responsible for
the management of key functional modules, and grants various roles and permissions to
corresponding ordinary administrators. It details the responsibilities of administrators,
precisely controls the permissions of administrators at all levels, facilitates dynamic addi-
tion and expansion, and provides the most favorable guarantee for the good operation
of the platform.

4 System Test

In order to verify the running performance of the designed university innovation and
entrepreneurship education resource sharing system based on cloud service platform,
this paper builds a test platform, runs the system designed in this paper, and conducts
system testing, as follows.

4.1 Test Preparation

This education resource sharing system includes clusters and three types of servers. One
is the database server, which installs Oracle10g database, followed by the Web server,
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which deploys eight Tomcat6 servers, uses load balancing strategies to improve the
performance of the entire platform, and finally is the application server, which contains
multiple client software servers, including the client master server, resource server, HTTP
search server, file transfer server, chat server, desktop sharing and whiteboard server.
The virtual environment built by the system consists of two physical machines
and four virtual machines. A management machine manages other machines through
VMware Vcenter. The specific hardware configuration of the environment required for
application server, database server and client software is shown in Table 3 below.

Table 3. Test Environment

to configure application server database server

hardware configuration CPU: CPU:
Intel(R)Core(TM) Intel(R)Core(TM)i7-47
90@3.6 GHz 90@3.6 GHz
i7-47 Memory: 16 GB (Samsung
Memory: 16 GB (Samsung DDR3 1600 MHz)
DDR3 1600 MHz) Hard disk: Seagate
Hard disk: Seagate ST1000DM003-1H162
ST1000DMO003-1H162 (1TB/7200 rpm)
(1TB/7200 rpm)

software configuration Windows Server Windows Server
2008 2008

network environment 100M LAN 100M LAN

Table 3 shows that the Java EE container on the test server side uses Tomcat 6.0.23.
Tomcat server is an open source web server jointly developed by Apache, Sun and other
companies. It meets the test requirements. After the above test environment is configured,
subsequent system tests can be carried out.

4.2 Test Results and Discussion

Under the above configured testing platform, system testing can be carried out by adjust-
ing the testing instructions, importing different numbers of resource files, comparing and
verifying the system with reference [7] system and reference [8] system, and record-
ing the query time of resource files for the three systems. The test results are shown in
Table 4.

From Table 4, it can be seen that the file resource query time of the system in this
article is the shortest among the three types, proving that the designed system has good
operational performance, reliability, and certain application value. This is because the
system in this article optimizes queries from both hardware and software aspects, thereby
shortening query time.



154 Y. Jia

Table 4. Test Results

Number of resource | The query time of this | Query time of Query time of
files system (s) reference [7] system | reference [8] system
(s) (s)

20 1.5 9.6 7.8

40 1.6 10.2 9.6

60 1.7 11.4 10.4

80 1.8 12.3 11.2

100 1.9 13.2 13.5

120 2.0 14.2 14.9

140 2.1 15.1 15.7

5 Conclusion

The integration and collaborative sharing of innovation and entrepreneurship educa-
tion resources can not only effectively avoid the idleness of internal resources and the
duplication of resources among universities, but also strengthen the complementary
advantages of resources among universities. Only scientific and reasonable integration
of innovation and entrepreneurship resources and improvement of the utilization rate of
innovation and entrepreneurship education resources can comprehensively improve the
quality of innovation and entrepreneurship education and cultivate high-quality inno-
vation and entrepreneurship talents that adapt to economic and social development.
Combined with the current innovation and entrepreneurship background, this paper uses
the cloud service platform to build an effective university innovation and entrepreneur-
ship education resource sharing system, and carries out system testing. The results
show that the designed innovation and entrepreneurship education resource sharing sys-
tem has good operation performance, reliability, and certain application value, and has
made certain contributions to promoting the development of university innovation and
entrepreneurship.

The university innovation and entrepreneurship education resource sharing system
based on cloud service platforms has many advantages, but there are also some limita-
tions. Firstly, establishing such a system requires corresponding technical support and
infrastructure, including requirements for cloud computing, network, and data storage.
This may impose certain restrictions on some universities with limited resources or poor
technical conditions. Secondly, in the process of sharing educational resources, it is an
important challenge to ensure that the personal information and sensitive data of teachers
and students are fully protected, and to strengthen data security and privacy control. In
addition, the use and management of the system require relevant technical training and
support to ensure that users can fully utilize the system’s functions.

The future development direction can further expand and improve the university
innovation and entrepreneurship education resource sharing system based on cloud ser-
vice platforms. Firstly, it is possible to enhance the intelligence and personalization of



University Innovation and Entrepreneurship Education 155

the system, providing users with more accurate recommendations and customized teach-
ing content through technologies such as data analysis and machine learning. Secondly,
various innovation and entrepreneurship resources can be further integrated, including
innovation and entrepreneurship projects, investors, and corporate partners, to build a
more complete innovation and entrepreneurship ecosystem. In addition, it is possible
to strengthen the connection with other universities, enterprises, and social resources,
promoting deep integration of industry university research cooperation and innovation
and entrepreneurship practices. Finally, through an open platform architecture, third-
party developers can be encouraged to participate, enrich the system’s functions and
applications, and provide more diverse educational services and support.
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Abstract. With the development of globalization and the increase of international
communication, the appreciation of English literature has become an important
part of English learning for many learners. English literature appreciation aims
to help students understand and appreciate the artistic value, cultural connotation
and language expression of English literary works. The imbalance of resource
allocation is the main reason why the application host can not accurately retrieve
teaching information. In view of the above problems, a retrieval system for English
literature appreciation teaching resources based on mutual information entropy is
designed. According to the calculation result of mutual information entropy, the
generalized entropy function is solved, and then based on this, the processing
of teaching resources is completed, so as to achieve the acquisition of teaching
resources based on mutual information entropy. Improve the retrieval architecture,
and through the definition of resource retrieval methods, realize the application of
various technical means, and complete the design of English literature apprecia-
tion teaching resource retrieval system based on mutual information entropy. The
experimental results show that the application of the above retrieval system can
make the maximum balance of resource allocation reach 95%, which solves the
problem that the application host cannot accurately retrieve teaching information
due to the imbalance of resource allocation.

Keywords: Mutual Information Entropy - English Literature Appreciation -
Teaching Resources - Resource Retrieval - Generalized Entropy Function -
Retrieval Architecture - Ratio Balance

1 Introduction

English literature refers to literary works written in English. English works in American
literature can be counted as part of English literature, but they are usually treated as
an independent and important discipline; The same is true of Irish literature. Although
there are many repetitions between English literature and English literature, they include
literature from other regions and languages in Great Britain, so they are two different
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concepts. In academic circles, “English literature” is often analyzed and criticized in
departments or projects devoted to “English research”. The reason is that the former
colonies of England have developed their own English literature, and the English used
in these places is different from each other [1]. So English literature has developed
various branches with the changes of English in the world. Literary appreciation is
to obtain aesthetic pleasure and spiritual satisfaction through the interpretation of the
language symbols of the works. It is divided into three stages: perception, taste, and
understanding. It has differences and consistency, certainty and uncertainty. It is the
reader’s psychological activities such as imagination, association, emotion, thinking,
and recreation based on the understanding of literary works to meet aesthetic needs, to
pursue the readability and interest of theoretical works.

The construction of educational resources is to integrate educational and teaching
resources by means of information technology, and finally build an interactive and mul-
timedia shared resource warehouse. The purpose of building an educational resource
database is to serve education. Therefore, we should fully consider the needs of educa-
tion in terms of both content and function, so that students, teachers and other educators
can easily and timely obtain the information they need and have usability. On the basis of
understanding the needs of users, we must carry out anti demand analysis, that is, combin-
ing with the actual situation, scientifically analyze and express the demand information
provided by users from a more professional perspective. At present, the construction of
basic education resources exists: there are many ways to construct education resources,
but the two main ways are: 1. Directly purchase the existing commercial education
resources products in the market; 2. Organize school teachers to develop educational
resources by themselves. With the continuous expansion of data on the Internet, there are
a lot of valuable education information, and online education resources have gradually
become an important source of education resource database construction. At present,
there are many kinds of educational resources on the Internet, which provide learners
with a wide range of choices and broad space for development.

For the construction of English literature appreciation teaching project, the verti-
cal retrieval system based on Lucene and the retrieval system based on Grassberger
estimate judge the unit cumulative amount of teaching resource information according
to the two parameters of browsing times and authoritative sources, and analyze and
read XML documents related to teaching tasks with the help of the open source soft-
ware package Dom4j. However, the above two types of systems cannot guarantee the
balanced allocation of teaching resources, so it is easy to make the application host
unable to retrieve accurate teaching information. In information theory, mutual informa-
tion entropy is the average amount of information contained in each received message,
also known as information entropy, source entropy, average self information amount
[2]. Here, messages represent events, samples, or characteristics from a distribution or
data flow. In the information world, the higher the entropy, the more information can
be transmitted. The lower the entropy, the less information can be transmitted. Litera-
ture [3] designed a density-based clustering algorithm based on MapReduce based on
weighted grid and information entropy. Based on the spatial distribution of data points,
an adaptive partitioning strategy (ADG) was proposed to carry out adaptive partition-
ing of grids. A weighted grid construction strategy (NE) is designed, and a density
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computing strategy (WGIE) is designed to calculate the density of the grid based on
weighted grid and information entropy. A core cluster computing algorithm based on
MapReduce (COMCORE-MR) is proposed to compute the core cluster of clustering
algorithm in parallel. Literature [4] Visualizes citation navigation using Litmaps, the
ultimate scientific discovery platform. It provides an interface for discovering scientific
literature, exploring areas of research, and discovering articles that are highly relevant
to the map. Litmaps provides quick-start options to import articles from the reference
manager, keyword search, ORCID ID, DOI, or using torrent articles. This paper uses the
research strategies of keyword search and Open Educational Resources (OER).To solve
the above problems, a new retrieval system for English literature appreciation teaching
resources is designed based on the principle of mutual information entropy. Based on
the principle of mutual information entropy, a complete generalized entropy function
is defined, and the necessary search conditions are combined to realize the on-demand
processing of teaching resources. Generalized correlation function is used as the classi-
fication feature of information entropy, and support vector machine classifier is used to
realize the classification retrieval of English literature appreciation teaching resources.
By improving the connection form of the search structure and combining the necessary
search conditions, the design of the English literature appreciation teaching resource
retrieval system is completed.

2 Acquisition of Teaching Resources Based on Mutual Information
Entropy

Obtaining teaching resources is a necessary link to build a retrieval system for English
literature appreciation teaching resources. Supported by the principle of mutual informa-
tion entropy, a complete generalized entropy function is defined and necessary retrieval
conditions are combined to achieve on-demand processing of teaching resources.

2.1 Calculation of Mutual Information Entropy

Mutual information entropy is an important concept in information theory, which can
be used to describe the statistical correlation between two systems, or the extent to
which one system contains information about another system. The dependence between
two variables can be measured by calculating the information entropy of two variables
and the gap between their joint entropy, which can be used to express the amount of
information shared between two variables.

Generally speaking, mutual information entropy can represent the received random
variable p Post acquired variables about teaching resources O Information quantity of:
it can measure the degree of the reduction of the uncertainty of the other when one of
the two variables is known, indicating the degree of statistical constraints between two
random variables. For example, if 0 and p Independent of each other, then the random
variable is received O Will not get any information about p And their mutual information
entropy is 0. Discuss another extreme case, if O and p One to one correspondence, they are
mutually deterministic functions, without any uncertainty, and share all the information
transmitted. In this case, mutual information entropy and O (or p) The uncertainties
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provided separately are the same, and the mutual information entropy is equal to O
Entropy of (p Entropy).When O and j It is also applicable to this situation when it is the
same random variable.

Therefore, mutual information entropy can be used to measure the correlation
between specific classes when they are divided. When the amount of information is
large, it indicates that there is a large correlation between the two, and vice versa.

The calculation formula of information entropy is:
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Among them, § Represents the information transmission coefficient of teaching
resources, B It indicates the probability of the retrieval of English literature appreciation
teaching resources, x It represents the evaluation variable of teaching resource infor-
mation, 7 It refers to the unit accumulation of English literature appreciation teaching
resource information.

The amount of information contained in a random event is only related to the prob-
ability of the event. The lower the probability of an event occurring, the greater the
amount of information contained in the received information when the event actually
occurs. That is, when the probability of an event occurring is infinitely close to 0, the
amount of information corresponding to its occurrence will be very large, otherwise
the amount of information will be very small. The mutual information entropy can be
obtained by calculating the mathematical expectation of the amount of information.

The calculation result of mutual information entropy is:
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i Represents the unit expectation parameter of the information entropy index.

Mutual information entropy can not only describe the linear correlation between
variables, but also effectively characterize the nonlinear correlation. The mutual infor-
mation entropy feature in information theory has a high accuracy rate when retrieving
English literature appreciation teaching resources in a low SNR environment, so it is
feasible to use it as a classification feature.

2.2 Generalized Entropy Function

The teaching resource detection system based on mutual information entropy function
performs Wigner bispectrum analysis on the real target echo or deception jamming signal,
calculates their DSWB, and uses singular value decomposition to achieve dimensionality
reduction, and then uses the equidistant algorithm to obtain the dimensionality reduc-
tion with the LFM information WB, the information entropy of the data after singular
value decomposition and the joint entropy between the two. The generalized correlation
function is calculated as the classification feature of teaching resource information, and
the classification recognition of deception jamming signal is realized by SVM classifier.
The specific function operation steps are as follows:
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The retrieval system receives teaching resource information and mutual information
entropy parameters.

Wigner bispectrum analysis is carried out on the teaching resource information to
obtain the three-dimensional WB retrieval data.

DSWB is calculated to obtain two-dimensional DSWB data of time retrieval fre-
quency, and singular value decomposition is used to reduce the dimension of mutual
information entropy.

The information entropy of the data after dimensionality reduction and singular
value decomposition, as well as the joint entropy between them, is calculated by using
the equidistance algorithm and the linear resource information WB.

The generalized correlation function is calculated as the classification feature of
information entropy, and the SVM classifier is used to realize the classification and
retrieval of English literature appreciation teaching resources.

The process of defining the generalized entropy function of English literature
appreciation teaching resource information is shown in Fig. 1.

Real detection
targets for
teaching resources

Wigner Bispectral
Analysis

DSWB data for
teaching resource
information

Whether it conforms to mutual
information entropy function

Definition of SWM Classification of
Generalized Entropy (<& Teaching Resource
Function Information

End

Fig. 1. Flow chart of definition of generalized entropy function of teaching resource information

The solution to the generalized entropy function of English literature appreciation
teaching resources information satisfies the following expression:
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where, e - r Represents two randomly selected entropy increasing vectors, and e # r
The inequality value condition of is always true, y It represents the real-time retrieval
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characteristics of English literature appreciation teaching resources, umax Represents
the maximum value result of the joint entropy parameter, umi, Represents the minimum
value of the joint entropy parameter.

For a given number of teaching resource information, the larger the grid is divided,
the more points will be in the grid, and the calculation of average probability will be more
accurate, but the joint probability distribution obtained will change more smoothly, and
the mutual information entropy will be lower; The smaller the lattice is, the greater the
possibility that the joint probability distribution will change in a short distance, the more
intense the change fluctuation, and the greater the mutual information entropy. Therefore,
it is very important to select the appropriate lattice size for accurate estimation of mutual
information entropy.

2.3 Processing of Teaching Resources

Since the query text input by the client on the query interface is natural language, the
system must carry out a series of processing on the query text to automatically extract
the key features of the query conditions and query objectives from the query English
literature appreciation teaching resources. The process is as follows:

Query text — word segmentation — removing invalid words — extracting keywords
— expanding synonyms.

Match the subject term after the extended synonym with the content description field
in the database to find the records that meet the conditions.

For query text segmentation, the maximum positive matching algorithm is
used.Relevant files used in word segmentation include: word segmentation dictionary
(lastdictionary. Txt) and word segmentation function (fcresultl).

After the invalid words are removed, there are still some words in the string, which
are meaningless to describe the characteristics of the query target. Therefore, it is nec-
essary to extract words that can describe the characteristics of the query target from the
remaining strings.

Using formula (3), the invalid words of English literature appreciation teaching
resources information based on mutual information entropy can be expressed as:
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R Represent the descriptive characteristics of English literature appreciation teaching
resources information, y Indicates the evaluation parameters of invalid words of resource
information, E’ Represents the forward matching vector of resource information, Egy
Indicates the initial value of the teaching resource information matching parameter.

Because there are a large number of synonyms and synonyms in the information
of teaching resources, it is difficult for users to list all the words expressing the same
concept when querying, so it is easy to miss the inspection and the recall rate of the
system is not high [5].



162 X. Jiang and H. Chi

The result of solving the processing conditions of English literature appreciation
teaching resources is as follows:
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¢ Indicates the calibration parameters of the transmission direction of English lit-
erature appreciation teaching resources information, y Represents the feature extrac-
tion coefficient of teaching resource information retrieval, 51~ s2~ --- ~ 5, express n
Unequal teaching resource information string definition vector, whose values belong to
(0, +00) Value range of, g Represent resource information description parameters based
on mutual information entropy.

The user’s description of the query target in Chinese natural language on the query
interface is presented in text form on the query interface. The retrieval system calls this
descriptive text query text. The system should automatically extract the key features of
the query conditions and query targets from the query text, and then find the records that
meet the conditions in the database[6]. However, computers cannot directly understand
natural language, which requires the processing of query text. Natural language word
segmentation is a necessary part of query information processing.

3 Design Scheme of English Literature Appreciation Teaching
Resources Retrieval System

On the basis of the principle of mutual information entropy, the design of the retrieval
system for English literature appreciation teaching resources is completed by improving
the connection form of the retrieval architecture and combining the necessary retrieval
conditions.

3.1 Retrieval Architecture

The construction of retrieval architecture is based on metadata. The so-called metadata
is a kind of structured data about the information or data of English literature appreci-
ation teaching resources. It is a structured description of information resources, and it
is machine understandable information for a specific application to describe resource
attributes[7]. The structural characteristics of metadata can more accurately describe the
semantics of resources, so that web data can be transformed from machine readable to
machine understandable.

There are many metadata standards. RDF standard metadata can make the data
compiled by web developers more consistent and effective in documents, and its main
role is to describe and obtain metadata. RDF provides a basic dismissal for encoding,
exchanging and reusing metadata on the web.

The commonly used RDF data model is the triple representation, and its basic object
types are: Resource, Property, and Statement. Resources are identified by the unique
resource identifier URI. Attributes are used to describe the common characteristics of
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resources. Declarations are composed of a resource, a property and the value of the
property. Each declaration is a triple of “object, attribute and value”, which is equivalent
to the subject, verb and object in the sentence.

The complete teaching resource retrieval architecture is shown in Fig. 2.

Retrieval Structure of English Literature Appreciation
Teaching Resources

Teaching resource Object Property
metadata Value

RDFS glossary

English Literature
Appreciation
Teaching Resources
structured data

XML query documents with semantic features

Semantic Space of
Teaching Resource
Information

Subject, verb.
object

Fig. 2. Retrieval structure of English literature appreciation teaching resources

The RDF data model provides an abstract and conceptual framework for defining
and using data. The data described according to the RDF specification is expressed in
XML code to generate XML documents with semantic characteristics.

RDFS forms a complete semantic space. It provides the rules for using properties,
defines a domain dictionary, organizes the dictionary with a type hierarchy, and provides
aricher vocabulary to describe classes and class attributes.

Table 1 shows the composition of the RDFS vocabulary of the retrieval schema.

Table 1. RDFS vocabulary of teaching resource retrieval architecture

Metalinguistic object First level project object Secondary project objects
Information category item rdfs: Resource ~ rdfs:Class Rdfs ~ subClassof and
~ rdfs:Property rdfs:subPropertyof
Resource Properties rdfs:domain ~ rdfs:range RDFS - DAML + OIL
and OWL
Constraint effect Apollo~ OILEd- OntoEdit~ WebODE - Protege
OntoSaurus ~ OKBC

In order to achieve fast and accurate automatic word segmentation and part of speech
tagging, it is necessary to consider the elimination of segmentation ambiguity, the recog-
nition of unknown words and the elimination of multi category parts of speech in each
link. In consideration of the above reasons, as well as the rapidity and practicality required
by the system, the resource retrieval system has established a vocabulary dictionary based
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on mutual information entropy. The dictionary is saved in the dic folder under the system
directory with the file name lastcitian.txt.

3.2 Resource Retrieval Method

The retrieval method of English literature appreciation teaching resources with mutual
information entropy as the core is as follows: first, refer to the resource type of the target
information source, and with the help of a vocabulary dictionary, build the ontology of
related fields; The second step is to obtain the resource information in the information
source, and refer to the corresponding ontology built to make semantic annotation of
the obtained data and store it in the metabase; The third step is to extract relevant
concepts from the user’s query statements, process the concept semantics with the support
of ontology technology, and find qualified semantic information documents from the
metabase; Finally, the retrieved results are processed and returned to the user [8] (Fig. 3).
The general retrieval model is shown in the following figure.

User interface of teaching resource retrieval

system
h 4 -
- Teaching Resource
Information .
N R Information
Concept Extraction K
Ontology
;
v
Concept Semantic
P na H Resource Lookup ‘
processing
A
\ 4
Semantic
. Result processing
annotation
A
A 4

A teaching resource information library
containing semantic data

Fig. 3. Teaching resource retrieval model

Ontology is the key to realize the retrieval of teaching resources; The document library
contains semantic information after semantic annotation; The feature items matched by
the system are no longer keywords but domain concepts in the ontology; Conceptual
semantic processing is the semantic expansion of user retrieval conditions under the
guidance of ontology.

The following principles should be followed in the process of constructing the
retrieval system of English literature appreciation teaching resources based on mutual
information entropy:

(1) Analyze the discipline characteristics of resources, and construct the corresponding
ontology of learning resources and knowledge.
(2) Create a metadata database containing semantic descriptions for learning resources.
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(3) Word segmentation is required to convert the query statement entered by the user
into a keyword set.

(4) Semantic expansion is needed to improve the recall and precision of retrieval.

(5) The retrieval result set should be processed to meet the needs of users.

Using formula (5), the resource retrieval expression followed by the system host is
derived as follows:

oo .
1)
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Among them, a Represents the return coefficient of the teaching resource search
results, d Metadata definition vector representing English literature appreciation teaching
resources, AD Represents the unit cumulative amount of teaching resource information
in the metabase, f Represents the ontology retrieval coefficient.

Referring to the conceptual structure of knowledge point ontology, the corresponding
semantic description of concepts is added with RDF (Resource Description Framework)
language, and stored in the metadata base in the form of XML documents.Based on
the concept structure of knowledge point ontology, the corresponding concept semantic
information of teaching resources is expanded by using automatic semantic reasoning
technology.

3.3 Key Technology Realization

The resource database building module in the English literature appreciation teach-
ing resource retrieval system based on mutual information entropy allows users to
upload learning resources to enrich the resource database, and simply describe and label
resources according to the hierarchical relationship of knowledge points. In traditional
retrieval systems, announcers usually use keywords to annotate resources. This standard
method is simple and efficient, and is widely used; In the semantic web, such annotation
information is no longer the keyword of natural language, but the concept, data attribute
and value defined in the ontology.

regulations g It represents the semantic annotation features of English literature
appreciation teaching resources, and the solution result is:

2

1 -
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¢ Indicates the description parameters of teaching resources, h Data attribute
assignment vector representing teaching resource information.

There are two methods of semantic annotation: manual annotation and machine anno-
tation. Among them, the manual annotation means that the standard direction is deter-
mined by the annotation personnel and the annotation items describing the resources are
determined by themselves according to a certain process and under the guidance of the
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ontology. This method is strictly constrained by the ontology model, and the workload of
annotation personnel is large, and the efficiency of annotation completion is low. There-
fore, many researchers are committed to the automatic (or semi-automatic) technology
of semantic annotation [9]. This semantic annotation process has both the simplicity and
efficiency of traditional keyword based annotation and the structural normalization of
ontology based annotation, which is an efficient way of semantic annotation.

The calculation formula for the result of the semantic standard of English literature
appreciation teaching resources is:

7 (-5)

jReal time coding vector representing semantic information of teaching resources, ¢
Represents automatic dimensioning parameters, ¢ The key value coefficient representing
the information of English literature appreciation teaching resources.

Semantic reasoning has different meanings in natural language and machine lan-
guage. The semantic reasoning in the teaching resource retrieval system is based on
people’s understanding of objective things, which is the deepening of understanding and
the transfer of semantic expression; Semantic reasoning in machine language does not
extend conceptual relationships as it does in natural language. It can only process formal
symbolic expressions. It deals with logical relationships between symbolic objects [10].
In the semantic retrieval system, the symbolic object of machine language represents the
concept of natural language, and the ontology structure defines the semantic relation-
ship between concepts. The semantic reasoning of symbolic objects is completed using
ontology technology. In a word, semantic reasoning is to enable computers to understand
and understand the conceptual structure and metadata information of domain ontology,
and complete the transformation from one concept to another with defined logical rules.

Using formula (8), the semantic derivation expression of English literature appreci-
ation teaching resources is:

+00 2
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A Represent the logical authentication parameters of the retrieval system for English
literature appreciation teaching resource information, H The transfer behavior vector
representing the teaching posture information under the condition of mutual information
entropy.

In the retrieval system, semantic reasoning is expressed in the form that when the user
enters a query statement, the system returns the reasoned result set to the user one by one,
in order to meet the different needs of the user. The main function of online semantic
reasoning is to expand the relevant semantics based on the query statements entered
by the user. Its life cycle occurs in the session phase of interaction with the user. This
online reasoning relationship is also called conditional extended semantic reasoning.
The feature of this retrieval method is that it can expand the connotation and extension
of the query conditions entered by users, which will inevitably reduce the workload of
users in multiple retrieval. After the user submits the initial query statement, after the
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semantic expansion of the query statement, he or she will get a set of query statements
with high relevance to the query statement. This set of query statements obtained through
online semantic reasoning will greatly improve the recall and precision of information
retrieval.

On the basis of formula (9), the execution conditions of key retrieval technologies
can be expressed as:

X:.iiov/ L (10)
b? ¥ x§
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Among them, b Represent the semantic reasoning features of teaching resource infor-
mation based on mutual information entropy, z Query parameters representing English
literature appreciation teaching resource information, ¥ Represents the real-time query
coefficient of the resource information to be retrieved, £ It represents the semantic
expansion coefficient of English literature appreciation teaching resource information.

Under the support of mutual information entropy, the system host should also avoid
repeating the value of semantic annotation parameters in the process of executing
the retrieval instructions in order to achieve on-demand retrieval of English literature
appreciation teaching resources.

4 Example Analysis

This paper takes the English literature appreciation teaching resource retrieval system
based on mutual information entropy, the vertical retrieval system based on Lucene,
the estimation retrieval system based on Grassberger, the literature [3] system and
the literature [4] system as the experimental objects.According to the ratio of teach-
ing resources information under the influence of different methods, the retrieval ability
of host components to teaching information was analyzed.

4.1 Experimental Environment

Use the equipment components shown in Table 2 to build the operating environment of
the teaching resource retrieval system.

In order to ensure the absolute fairness of the experimental results, in addition to the
different experimental methods, the connection forms of other equipment components
in the experimental group and the control group are always consistent.

4.2 Principle Description

For English literature appreciation teaching resources, in the process of implement-
ing information retrieval, the balance of resource allocation affects the precise retrieval
ability of host components to information parameters. Without considering other inter-
ference conditions, the higher the balance of resource allocation, the stronger the host
components’ ability to accurately retrieve information parameters; On the contrary, if
the balance of resource allocation is relatively low, it means that the host components
have relatively weak ability to accurately retrieve information parameters.
The specific implementation process of this experiment is as follows.
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Table 2. Operation environment of retrieval system

Project | Component Name Equipment model

1 Resource information sharing chip BASE version XC7K325T kit

2 Teaching Resource Master Microprocessor | S3C2416XH-40 main control CPU

3 Data information storage BGA-676 SOC CORTEX-A9

4 Resource sharing host S3C2410AL-20 equipment

5 Information encryption component Stc89¢52RC programming motherboard
6 Information trigger DS3231MZ + SOIC-8 clock chip

Connect the application equipment at all levels in Table 2 on demand to provide a
stable transmission environment for English literature appreciation teaching resource
information.

Input the executive program of the English literature appreciation teaching resource
retrieval system based on mutual information entropy into the application host, record
the numerical changes of the resource allocation balance under the action of the
system, and the results are experimental group variables.

Input the executive program of Lucene based vertical retrieval system into the appli-
cation host, record the numerical changes of resource allocation balance under the
action of the system, and the results are the control (1) group variables.

Input the executive program of the retrieval system based on the Grassberger estima-
tion into the application host, record the numerical changes of the resource allocation
balance under the action of the system, and the results are the control (2) group
variables.

The document [3] system executive program is input into the application host to
record the numerical change of resource allocation balance under the action of the
system, and the result is the control (3) group variable.

The document [4] system executive program is input into the application host to
record the numerical change of resource allocation balance under the action of the
system, and the result is the control (4) group variable.

Integrate the variable data obtained and summarize the experimental rules.

4.3 Discussion of Results

The following figure reflects the changes of experimental values of resource allocation
balance in the experimental group, control (1) group, control (2) group control (3) group
and control (4) group (Fig. 4).

Experimental group: With the extension of the experimental time, the balance of

teaching resources in the experimental group kept increasing, and by the end of the
100min experiment, its maximum value reached 95.0%.

Control (1) group: The numerical change trend of the balance of teaching resources

allocation in control (1) group is the same as that in the experimental group, but its
average level is relatively low. By the end of the 100min experiment, its maximum value
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Fig. 4. Balance of resource allocation

can only reach 67.9%, which is 27.1% lower than the maximum value of the experimental
group.

Control (2): Control (2) The balance of teaching resources allocation maintained the
trend of increasing first and then decreasing. At the 50th minute, the maximum value
was 35.0%, which was 32.9% lower than the maximum value of control (1) group, and
60.0% lower than the maximum value of the experimental group.

Control (3): The value of the system teaching resource allocation balance in literature
[3] has a large trend of change, and the maximum value is 51%.

Control (4): The change trend of the value of the system teaching resource allocation
balance in reference [4] is basically the same as that in control (3), and the maximum
value is 43%.

To sum up, the conclusion of this experiment is:

e The application of the retrieval system based on Grassberger estimation can only keep
the balance of teaching resources at a low numerical level, so the application of this
system cannot solve the problem of unbalanced resource allocation.

e Although the application of Lucene based vertical retrieval system has properly
improved the numerical level of the balance of teaching resources, it still does not
meet the actual application needs.

e The application of the literature [3] system and the literature [4] system has appro-
priately improved the numerical level of teaching resource balance, but it still cannot
meet the needs of practical application.

e Compared with the vertical retrieval system based on Lucene and the retrieval system
based on Grassberger estimation, the application of the retrieval system of English
literature appreciation teaching resources based on mutual information entropy has
greatly improved the numerical level of the balance of teaching resources allocation,
which can better solve the problem of unbalanced resource allocation, thus ensuring
the accurate retrieval ability of the application host for teaching information.
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5 Conclusion

The retrieval system of English literature appreciation teaching resources based on
mutual information entropy mainly has the following application characteristics:

(1) The user’s query text is segmented and part of speech tagged using the self used word
segmentation function. Remove function words and default words from the query
text after word segmentation, extract nouns, verbs and idioms, obtain the subject
content of the target media teaching resources required by the user terminal, and
expand the extracted subject content.

(2) It supports natural language query and establishes a friendly interface of human-
computer interactive multimedia resource retrieval system. Users are allowed to
input query text in natural language, and some text features such as file type, file
size, etc. can be selected from the drop-down box to reduce the query range.

(3) The user terminal can intuitively observe the semantic characteristics of the search
results and related teaching resources on the result output interface, and can enter
the webpage where the media is located through the hyperlink on the interface.

In addition, since the system host searches English literature appreciation teach-
ing resources indiscriminately, the actual value range of teaching resource information
should be expanded as far as possible when defining the expression of mutual information
entropy. The analysis of user query text should be further deepened. Conduct semantic
analysis on user query statements, add weight to the obtained subject words, further
determine the retrieval focus, and improve the retrieval accuracy. This is necessary for
the further development of the system, but it is also the most difficult part to upgrade
and realize. With the expansion of the database scale, when the query conditions are
nested too much, the retrieval speed is relatively slow. The database retrieval algorithm
should be further optimized to accelerate the speed and improve the practicability of
the system.The system has some limitations in the semantic understanding and infer-
ence of user query, and can not accurately capture the user’s intention and demand. In
future studies, by introducing more advanced natural language processing technology,
expanding data coverage, establishing user feedback mechanism and providing diver-
sified search methods, the retrieval system of English literature appreciation teaching
resources based on mutual information entropy can be further improved, and its retrieval
accuracy, comprehensiveness and user experience can be improved.
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Abstract. In order to improve the adaptability of online education personalized
course push resources and user demand resources, and reduce the push time, a
new push method is designed for online education personalized course content of
Public art education courses in colleges and universities. A collaborative filtering
algorithm is introduced to determine the target content to be pushed. Through
screening similar users, we can master the demand directions of different types
of users for course content, and realize the calculation of user preferences. We
introduce convolution neural networks to train the data information in the convo-
lution layer of convolution neural networks, obtain the characteristic parameters
of course content, and conduct directional extraction of course content of public
art education. We introduce a weighted fuzzy calculation method to determine the
recommendation levels of course content in combination with the spatial expres-
sion of course content, and realize the active recommendation of course content.
Experimental results show that the proposed method can reduce the discrepancy
between the content of push-forward course and user’s demand, and ensure a
higher adaptability between the content and user’s demand.

Keywords: Convolution Neural Network - Fuzzy Weighting - Collaborative
Filtering Algorithm - Resource Push - Teaching Resources - College Education -
Public Art Education

1 Introduction

The public art education in colleges and universities refers to the public art courses set
up in colleges and universities to improve students’ artistic quality, aesthetic quality,
cultural taste and understanding and understanding of art forms under different cultural
backgrounds. Public art education in colleges and universities is different from profes-
sional art education in that it provides students with basic knowledge and skills of art
literacy for all subjects. The development of public art education in colleges and uni-
versities can not only improve students’ aesthetic ability and cultural quality, but also
enhance their creativity and imagination. Public art education can make students more
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open-minded and broadened horizons, but also can promote students’ emotional expe-
rience and enhance students’ mental health [1]. However, college public art education
is facing some difficulties. Public art education is generally not the major of a student,
and students may have limited time and energy to learn, so it is difficult to gain as much
artistic culture and experience as possible in a short period of time. Online art educa-
tion in colleges and universities refers to art-related learning activities through online
platforms under the network environment. Online public art education in colleges and
universities can learn independently according to individual needs and time without time
and space constraints. Compared with the traditional public art education in colleges and
universities, online public art education in colleges and universities is more convenient
and flexible [2]. With the popularization and development of modern Internet technol-
ogy, large-scale online open courses have become a new and popular trend in the field of
education. With the characteristics of openness, free and accessibility, online teaching
platform provides learners with diversified and high-quality online courses, which are
not limited by time and place. Compared with the traditional teaching, the large-scale
online open course provides a more flexible learning style for learners. Learners can
learn according to their own schedule and requirements. In addition, the online teaching
platform has no limit on the number of participants, and provides interactive, multime-
dia and other forms of online learning experience for learners through various teaching
methods and forms, so as to enhance students’ participation and learning enthusiasm,
and enhance the quality and effect of courses. In a word, the large-scale online open
course is an innovative form of education, which is loved by many learners with its
flexibility and universality.

In today’s globalization and informationization, online education has become the
mainstream trend in the future. With the improvement of people’s life quality, the demand
for art is higher and higher. With college public art online education, students can learn
art-related knowledge and skills to meet their needs and interests. The significance of
online education of public art in colleges and universities lies in solving the limitation
of time and space under the traditional education mode. College public art online edu-
cation can improve people’s learning enthusiasm and self-learning ability, and make
learning more personalized and customized, attract more students to participate in art
education. However, there are some difficulties in public art online education in colleges
and universities. Because of the large amount of tedious steps and the complexity of
information, the traditional scientific research elective system faces great challenges.
Choosing courses not only needs time and energy, but also may bring stress and bad
experience to students. The problem of information overload and difficult screening
also makes it difficult for students to find valuable learning resources they need. These
problems greatly hinder the improvement of students’ academic performance and learn-
ing experience. Therefore, the accurate search and recommendation of online teaching
resources has become a significant research topic.

Some scholars have proposed the use of cloud computing technology to build an e-
learning resources recommendation system, featuring the use of Google cloud services
to recommend learning resources based on students’ needs and an incentive module to
urge students to enhance learning [3]. Some scholars propose to use machine learning
technology to provide a new Dirichlet framework for online teaching platform, which
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can provide users with curriculum suggestions according to their preferences and behav-
iors. Using Latent Allocation to mine text, using decision tree to generate decision rules,
using Self Map to evaluate courses, and using rule-based fuzzy system to predict user
preferences. In addition, the feature selection method is used to select important cri-
teria for forecasting user preferences [4]. Another proposal is to design an enhanced
e-learning hybrid recommendation system that adaptively matches learners’ learning
patterns and rules according to their behaviors and semantic relationships. Semantic
extension methods including DBpedia and WordNet ontology are used to expand terms,
and various mood analysis models are introduced to improve the accuracy and effec-
tiveness of recommendation system. Text reviews in e-learning resources are classified
into fine-grained emotional categories and applied to rating forecasts [5]. The methods
mentioned above put forward different application techniques for searching and recom-
mending learning resources, but when they are applied to public art education courses
in colleges and universities, the problems such as frequent collapse of use, great time
consumption and loose relevance of recommended contents are likely to occur due to
the complexity of resource types and the large number of users concurrent [6], which
brings great trouble to users. According to the market users’ experience feedback, the
existing recommendation systems have the characteristics of large deviation between
recommendation resources and users’ individual needs.

In order to solve the problem of poor application of traditional method in the process
of individualized content push of college public art education courses, an algorithm is
designed. Based on the calculation of user preferences based on Collaborative filtering
algorithm, the Convolutional neural network method is used to achieve the directional
extraction of Public art education curriculum content in colleges and universities. The
personalized course content of online education was actively pushed through weighted
fuzzy calculation, and the effectiveness of this study was verified through experiments.
The main innovations of this approach are as follows:

(1) According to the personalized demands of college students, the user preferences
are calculated based on the information such as the user’s web browsing history
and search history. The collaborative filtering algorithm is used in this process to
preliminarily delineate the user’s resource push resources and reduce the calculation
amount.

(2) Using the convolution neural network algorithm to extract the resources within the
user’s preference range, through the cycle training related keywords, the course
content resources with similar content are traversed and extracted, and a complete
set of related resources is obtained.

(3) The weighted fuzzy algorithm is used to rank the weight of the course contents in the
resource set, determine the relevance importance of the content resources, and give
priority to the content resources with the highest relevance to users’ interests and
preferences, thus realizing the personalized recommendation of online education
resources for public art education courses in colleges and universities.

This method can provide learners with more personalized art education curricu-
lum resources, and also provide new ideas and methods for the research of adaptive
recommendation algorithm.
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2 User Preference Calculation Based on Collaborative Filtering
Algorithm

In order to accurately push the individualized course content of public art education
online in colleges and universities, this paper introduces collaborative filtering algorithm
[7]. In this process, it is necessary to identify the target group of public art education
curriculum content push, through the screening of similar users in the group, to master
different types of users’ demand for public art education curriculum content. Collect
user’s personal information, through the analysis of information, generate a user demand
resource score matrix [3]. The matrix expression is as follows.
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In formula (1): S means the matrix expression of the grading of the curriculum
contents required by users; s, means the scoring indicators of the curriculum contents
required by users. By using the scoring matrix, the users who push the course content
are screened, and the users with the same needs are classified into a same category.
At the same time, the use of collaborative filtering algorithm to classify resources [8].
Randomly push the content of a public art education course for one user, and calculate the
user’s preference for the pushed content. According to the calculation results, master the
user’s demand for public art education curriculum content. The formula for calculating
user preference is as follows.
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In formula (2): B represents user preference; L represents course content category;
X represents collaborative filtering algorithm; J represents automatic clustering param-
eters; and k represents recommended capacity within courses. According to the above
formula, the user preference based on collaborative filtering algorithm is calculated.

3 Orientation Extraction of Course Content Based on Convolution
Neural Network

On the basis of the above design contents, convolution neural network [9] is introduced
to conduct directional extraction of the contents of online teaching courses of public art
education in colleges and universities. Considering the large amount of content resources
of online teaching course of public art education in colleges and universities, the initial
course content is input on the network interface. In the convolution layer of convolution
neural network, the data information is trained to get the characteristic parameters of the
course content. This process is illustrated by a formula.
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In formula (3): w represents the characteristic parameters of course contents; r rep-
resents the convolution layer in convolution neural network; c represents the training
processing of data information; f represents distributed fusion; a represents reorganiza-
tion model; and y represents characteristic attributes. On the basis of the above contents,
using the semantic representation tool in convolution neural network [10], the course
contents are divided into several categories, and the course contents with the same char-
acteristics are clustered in space, so as to make the transition from high-dimensional
data to low-dimensional data and ensure the uniformity of data format in the terminal.
This process is illustrated by a formula.
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In formula (4): G represents the unified processing of data format in the termi-
nal; N represents high-dimensional data; K represents semantic representation tools; H
represents the number of course contents with the same characteristics; N represents
low-dimensional data; and j represents cluster centers. After finishing the treatment, we
set up the content reorganization model of online teaching course of public art education
in colleges and universities. At the same time, the design of directional extraction target
function [11], so that users have the demand for curriculum content, the terminal can
provide users with real-time curriculum content push services. The expression of the
extraction objective function is as follows.

2
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In formula (5): F represents the expression of the extraction objective function;
represents the fusion of parameters; My represents the directed set; and v represents the
hash table. According to the calculation formula, the content of the course is extracted
from the nodes of convolution neural network to meet the real-time demand of college
students for the content of public art education online course.

Based on the preference of college students, this paper constructs a model of course
content extraction, and obtains the sample statistical regression analysis result as shown
in Fig. 1.
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Fig. 1. Sample statistical regression analysis

4 Active Push of Course Content Based on Weighted Fuzzy
Computation

After completing the above research, the weighted fuzzy calculation method [12-14] is
introduced to calculate the recommended level of the course content. The formula is as
follows.

2
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In formula (6): « represents the recommended level of course content; A represents
the amount of access control; § represents the position of nodes in space; D represents
the associated attributes of course content; and z represents weighted fuzzy coefficients.
On this basis, the proposed boundary data range of fitness matrix is designed to deter-
mine the corresponding data processing accuracy. According to the different categories
of curriculum content and the attributes of corresponding curriculum content, the sub-
ordination degree is assigned, and then the feasibility of pushing curriculum content is
analyzed through the adaptation of pushing curriculum content and user demand cur-
riculum content. [15]. Through this way, improve the university public art education
curriculum content of comprehensive push ability, realize the initiative to recommend
the curriculum content. Design this process as shown in the following formula.
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In formula (7): 4 means active recommendation of course content; y means fitness
matrix; w means suggested range of boundary data; ¢ means precision of data processing.
In accordance with the above method, the active recommendation of curriculum con-
tent based on weighted fuzzy calculation is realized, and the individualized curriculum
content push algorithm is designed.
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S Experiment and Result Analysis

5.1 Experimental Preparation

But this method is still at the stage of theoretical research. In order to popularize this
method in colleges and universities or relevant institutions in the education market
(Fig. 2), we should evaluate its comprehensive performance on the basis of the existing
work. Therefore, the following will take the design of comparative experiments to test
the effectiveness of this method.

User preference calculation based on
collaborative filtering algorithm

|

Orientation extraction of course content
based on convolution neural network

Active push of course content based on
weighted fuzzy computation

End

Fig. 2. Algorithm Flow

In order to ensure the authenticity of the test results and the objectivity of the data,
the public art education majors in a key university in a certain area are selected as
experimental sites to recommend online education courses. According to a university
official, the school launched a comprehensive public art education program last year,
and set up special subjects to give students special guidance on public art education 3—5
h a week. But public art is closely related to personal tastes and interests. The effect of
ordinary education is not ideal. Students are not only weak in learning consciousness,
but also poor in art identification. Therefore, after signing the relevant agreement with
the person in charge of the college, it is decided to carry out the test of the application
effect of the design method in the college. To test the application performance of the
individualized content push algorithm of online art education courses designed in this
paper.

Before carrying out the experiment, the public art education resources of the public
art education course of the university in the past half a year shall be collected together
with the online resources of the public art education course of the university obtained
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through the network to form a data set, and the data sources are various, including
the development data of the relevant majors and market- related industries, the public
art education course resources of the university, the art performance resources, etc.
Statistical data samples are divided into two categories: value resources and general
resources. The statistical data are collected and sorted as the test data in the comparative

experiment. As shown in Table 1 below.

Table 1. Comparative Experimental Sample Data

Data volume (piece)

Data Properties

200000

Total number of data

140000 Value resources
600000 General resources
175000 test data

25000 contrasting data

The university’s public art education curriculum resource data set includes more than
adozen art projects, each with 30 to 50 courses, with art appreciation, drama appreciation,
drama and dance as an example. Some online teaching resources are shown in Fig. 3

below.

Fig. 3. Example diagram of online instructional resources

After the statistics of the experimental test samples is completed, the method designed
in this paper is used to recommend the contents of public art education courses for
students participating in the experiment. In the process of recommendation, collaborative
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filtering algorithm is introduced to extract users’ history learning behavior and web
browsing data, and user identity model is established to calculate user preference. On
this basis, convolution neural networks are introduced to conduct directional extraction
of university public art curriculum resources (existing resources). Through the weighted
fuzzy calculation of the recommended resources, the active and accurate push service
of public art resources is provided for users.

5.2 Push Performance Verification

Taking a college student user as an example, through the analysis of information such as
history learning behavior and web browsing data, it is found that the user’s main interest
is oil painting, among which Richard Schmid is the most frequent keyword search. In
this case, the push interface of this method is as follows:

Richard Schmid (1934-2021)

is one of the most outstanding
painters and art educators in
the contemporary world. Born
.. in Chicago, Illinois, USA in
1934.
His earliest artistic influence
came from his grandfather,
Julian Oates, an architectural
sculptor. Starting at the age of
12, he began to study and
] study characters, landscapes,
. and anatomy, and continued
to study classical painting
techniques under the
guidance of William H.
% Mosby at the Chicago School
of Artin the United States.

Fig. 4. Push interface

Figure 4 shows that this method can effectively push the personalized content of
public art education online teaching. The content pushed is closely related to the user’s
interests, and more push content can meet user needs.

5.3 Verification of Fitness

In the process of pushing the individualized course content of public art education
courses online in colleges and universities, the probability distribution density of the
content resources of public art education courses that college students click on or actively
retrieve is calculated as follows:

- 1
=L Foalkir] ©

i>1



Design of Push Algorithm for Individualized Course Content 181

In the formula (8): Q shall mean the probability distribution density of the recom-
mended resources clicked or actively retrieved by the user; e shall mean the number of
times searched by the user; ¢ shall mean the valid range of probabilities; R shall mean the
number of iterations; i shall mean the number of times of data mining. When the result
is close to 1.0, the probability of students to click or retrieve the personalized course
content resources is higher, and the adaptability of the proposed method is higher. Ran-
domly select a college student user to participate in this experiment, according to the
background record data, statistical experimental results, as shown in Fig. 5 below.

Time/s

Fig. 5. Trend of probability distribution density for proactive retrieval of push resources

Based on the experimental results shown in Fig. 5 above, it can be seen that as the
time of browsing the Web increases, the data of user behavior obtained by the terminal
increases, and the probability distribution density of users clicking or actively retrieving
the push resources of public art education personalized curriculum content increases.
When the time of browsing the Web reaches 6 s, the probability distribution density of
users clicking or actively retrieving the push resources tends to 1.0, that is, the fitness
between the push resources of personalized curriculum content and the user demand
resources tends to 100%. It can be proved that the algorithm designed in this paper is
effective in practice, and can improve the adaptability between the public art education
personalized course content and the user resources.

5.4 Difference Degree Contrast

On the basis of the above design contents, literature [3] method, literature [4] method
and literature [5] method are introduced, and these methods are compared with the push
algorithm designed in this paper. Using the method of this paper and the traditional
method, we push the individualized course content of public art education to different
users. The difference between push resource and user demand is used as evaluation index
to calculate the evaluation index. The formula is as follows.
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In formula (9): P represents the difference between push resources and user needs; a;
represents push resources; ay represents user needs resources; n represents push times;
and u represents average errors. According to the above formula, the smaller the value of
P is, the smaller the difference between the public art education personalized curriculum
content push resources and the user’s demand is, the better the push effect is; the greater
the value of P is, the greater the difference between the public art education personalized
curriculum content push resources and the user’s demand is, the worse the push effect
is. The statistical results are shown in Fig. 6 below.
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Fig. 6. Comparison of the difference between push resources and user requirements

Based on the experimental results shown in Fig. 6 above, it can be seen that the
difference of the proposed method between the public art education personalized cur-
riculum content push resources and users is small, with an average of 2.1. On the other
hand, literature [3] method, literature [4] method and literature [5] method have sig-
nificant differences in the average of 9.5, 7.8 and 6.1. It shows that the method can
push the similar public art education personalized curriculum content, which makes the
user experience of college students better, and is conducive to promoting the public art
education curriculum.

5.5 Push Time Comparison

In order to further verify the application performance of the personalized course content
push algorithm designed in this paper, five experiments were repeated to test the key-
words of 10 different public art education courses by using the methods of document
[3], document [4] and document [5] as the comparison methods. The results are shown
in Table 2 below:
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Table 2. Push Resource Time/ms

group The method of this Reference [3] Reference [4] Reference [5]
paper Methods Methods Methods

1 146 501 387 586

2 251 533 339 688

3 188 496 376 641

4 267 467 540 689

5 207 528 486 643

mean value 211.8 505 425.6 649.4

From the Table 2, we can see that the speed of pushing the individualized curriculum
content of public art education courses varies greatly among different methods. Under
the application of this method, the pushing resource consumption is the shortest, aver-
aging 211.8 ms, while the pushing resource consumption of document [3] method, doc-
ument [4] method and document [5] method is high and fluctuating, averaging 505 ms,
425.6 ms and 649.4 ms respectively. The results show that this method can get the indi-
vidualized course content of public art education with high response speed, and enhance
the satisfaction of college students.

Compared with other methods, the proposed algorithm can reduce the difference
between the push resource and the user’s requirement, and ensure the higher adaptability
between the push resource and the user’s requirement.

6 Concluding Remarks

In this paper, we design an algorithm to push the individualized content of online art
education courses in colleges and universities, and use convolution neural network to
extract the content. After completing the design, the experiment proves that the method
can reduce the difference between the personalized course content resources and the
needs of college students, ensure the adaptability between the personalized course con-
tent resources and the needs of users, and reduce the overall push time. The purpose of
this study is to provide some technical guidance for the rapid implementation of public
art education in colleges and universities, and to enhance students’ awareness of public
art. In future research, multiple methods can also be considered for combination and
integration to further improve the accuracy and effectiveness of personalized course
content push algorithms. At the same time, attention should also be paid to issues such
as privacy protection and data security to ensure that students’ personal information is
appropriately protected.
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Abstract. The construction of online courses is the key to the modernization
of education. Due to the backwardness of the application means of the existing
network course automatic generation system, the network course automatic gen-
eration takes a long time and the function of the network course is less perfect.
In order to solve the problems such as long time and imperfect function of high
school physical network course automatic generation, this paper puts forward the
design and research of high school physical network course automatic generation
system based on multi-agent. Take high school physics as the research subject,
determine the principles that need to be followed in the automatic generation of
online courses, build the automatic generation framework of online courses, design
the database of online courses, construct and configure multi-agent according to
the automatic generation requirements of online courses. The multi-agent value
decomposition stage and the multi-agent communication mechanism design stage
enable the multi-agent to have the corresponding function of automatically gener-
ating network courses, which can automatically generate the required high school
physics network courses. The experimental data shows that after the application
of the design system, the minimum time spent for automatic generation of online
courses is 16 s, and the maximum value of functional perfection of online courses
is 99%, which fully proves that the application performance of the design system
is better.

Keywords: High school physics - Automatic generation - Online courses -
Reinforcement learning - Multi-agent

1 Introduction

At the end of the last century, advanced information technologies such as network tech-
nology, Web Services, IPv6 and so on continued to emerge, and went deep into various
industries. The development trend characterized by extensive application of informa-
tion technology appeared in life, education, scientific research, national defense, urban
construction and other fields. Education informatization was proposed under this back-
ground. Network education and network resource construction are the key to information
education. Vigorously promoting the construction of network courses not only meets the
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requirements of information technology, but also meets the needs of popular education
and lifelong learning. ICT in education requires continuous reform of educational ideas,
enrichment of educational means, innovation of teaching methods, and transformation
of the interrelationship between the four elements (teachers, students, textbooks, and
media) in the teaching structure, namely, the transformation of teacher centered teaching
into student-centered teaching, and the transformation of collective face-to-face teach-
ing of teachers into inquiry learning and collaborative learning guided by teachers. The
teaching of fixed course content has changed to the extensive application of a variety
of learning resources and learning environments [1]. The informatization of education
in colleges and universities requires the addition of informatization equipment, the use
of informatization means, the development of informatization classroom teaching and
practical teaching in education related fields and departments, and the realization of
informatization in the whole process and in all directions of education. The purpose is
to spread new educational ideas, establish new teaching models, improve educational
quality, improve educational environment, and cultivate innovative talents in the new
century, realize the modernization of education.

“Curriculum informatization is the key content and way to realize education informa-
tization”. The carrier of curriculum informatization is the network, and the main com-
ponent is network education. Network education has broken the traditional curriculum
model. In addition to the training of students at school, it also meets the requirements of
distance education, adult education, autonomous learning, exchange learning, person-
alized learning, and special education. The construction of educational informatization
resources requires the transformation of traditional curriculum resources into network
resources. The curriculum form, curriculum subject, teaching environment, learning
environment and teaching media are different between them. Network education is the
main method to solve the problem of unbalanced allocation of teaching resources in tra-
ditional education, and promote the realization of popular education, universal education
and lifelong learning. With the development of information education, online education
has also had a comprehensive and rapid reform and development. Various online courses
have sprung up like mushrooms, and various course websites have emerged as the times
require. More and more colleges and education related units have joined the ranks of
developing and launching online course websites. Due to the high level of professional
technology required for website development, most of the websites of online courses are
currently developed by the course responsible units or teachers who contact professional
companies or professional technicians for pre production and post maintenance. There-
fore, the actual production, development, operation and maintenance process involves
the difficulty and speed of communication between both parties. At present, the demand
for online courses is large, the construction speed is slow, the teaching mode is outdated,
the curriculum is difficult to modify, maintain, update, the development efficiency is
low, and the operation and maintenance cost is high. Therefore, the majority of online
course teachers urgently need an automatic generation system for online courses, which
can automatically generate the required course website by defining the website struc-
ture and setting the plate columns by themselves. It is also able to update and maintain
the generated course website in terms of data addition and deletion, online evaluation,
message interaction, homework submission and correction [2].
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The construction of online courses in foreign countries has developed earlier. At
present, there are many mature teaching management software development platforms,
such as EduCommons system, Sakai system and Moodle system. From the perspective
of application, there are few automatic generation systems for online courses in China,
and there are few software development platforms that integrate information based cur-
riculum design mode and high-level website design. The automatic generation system
of online courses has high application value and great demand, but few high-level prod-
ucts have been developed. At present, the online course automatic generation system
based on fuzzy clustering and the online course automatic generation system based on
FCM clustering are widely used in China. The quality of the generated online courses is
poor, so the design of the high school physics online course automatic generation sys-
tem based on multi-agent is proposed. According to the characteristics of online course
website and the needs of users, B/S mode is adopted to realize the automatic genera-
tion of online course. Multi-agent can transform the problem of automatic generation
of online courses into a Markov decision process of limited distributed observations,
which simplifies the automatic generation of online courses to the maximum extent.
Through multi-agent training stage, multi-agent value decomposition stage, multi-agent
communication mechanism design stage, combined with the specific needs of users to
automatically generate high school physics online course.

2 Design of Automatic Generation System for High School Physics
Network Course

2.1 Automatic Generation Architecture Building Module of Online Courses

Take high school physics as the research subject, determine the principles that need to be
followed in the automatic generation of online courses, build the automatic generation
framework of online courses, and provide support for the subsequent module design.

To establish the principles of online curriculum design, we should refer to the prin-
ciples of traditional teaching courses, and also combine educational theories, educa-
tional objectives under the new situation, and specific curriculum characteristics. Under
the information education environment, the curriculum culture has undergone trans-
formation, focusing on the construction of teaching research community and teaching
community; Curriculum research insists on returning to the life world, integrating with
humanism, and moving towards reflective practice; The quality evaluation system of
curriculum construction is improved, from a single quality view to a diversified quality
view, and from an academic quality view to an adaptive quality view, which will help to
improve the overall quality of subject teaching and promote the sustainable development
of the curriculum [3].

From the perspective of comprehensive quality assessment of system design, this
paper proposes that the development of modern online courses should follow the
following three principles, as shown in Table 1.

At present, there are mainly two operation modes of network application software:
C/S mode and B/S mode. The former is more troublesome to upgrade and maintain,
while the latter is easy to expand applications and upgrade and maintain. Therefore, it
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Table 1. Principles for Automatic Generation of Online Courses

ranking | principle Content description

1 Principle of directionality | Online courses must achieve certain teaching and
education goals. The automatic generation system must
be able to design online courses that can construct
learning tasks according to certain teaching goals,
organize students to explore collaborative learning, guide
learners to achieve dynamic learning activities, and
achieve the expected learning results

2 Principle of universality | Online courses are open to public learning. Learners’
knowledge level, learning ability and learning
characteristics are different. The system design should
take into account the universality of the audience. The
way of knowledge organization and presentation should
be flexible, and the establishment of knowledge modules
should take into account the development

3 Human nature principle | Learners are the main body of cognition and active
constructors of knowledge meaning. Website design and
development should be integrated with humanism. The
development concept should change from curriculum
based to personality based. Each module should be
arranged according to students’ basic learning ability and
actual needs. The content should be practical, consistent
with learners’ cognitive laws, and provide services for
students

has developed rapidly and been widely used in recent years. Based on the characteristics
of online course website and user needs, the online course automatic generation system
in this paper adopts B/S operation mode. Users can enter the website to browse and
access the course content by sending a request to the web server through the browser on
the client side. Based on the principles shown in Table 1, combined with B/S operation
mode and multi-agent technology, an automatic generation framework of online courses
is built, as shown in Fig. 1.

The system adopts a three-tier structure of user layer, business layer and data layer.
Among them, the user layer provides a user interface for user operation, and users can
fill in data, send requests, and view required information; The business layer is located
between the user layer and the data layer, which acts as a bridge for data transmission.
The BusinessFacade class is defined in this system to realize the specific business func-
tions of this layer; The data access layer provides access to external systems such as
databases, mainly involving ADO.NET database access technology. The DataAccess
class is defined in this system for implementation [4].

The above process completed the construction of the automatic generation frame-
work of online courses, laying a solid foundation for subsequent research.
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Fig. 1. Schematic diagram of automatic generation framework of online courses

2.2 Database Design Module

Through the analysis of the system function, the following data demand information is
summarized according to the requirements of the automatic generation system of online
courses in this paper:

One administrator can manage multiple students/columns/information
/links/assessments/assignments/posts;

One student can be managed by multiple administrators;

One student can access multiple columns/information/links
/assessments/assignments/posts;

One column/information/link/evaluation/assignment/post can be managed by mul-
tiple administrators;

One column/information/link/evaluation/assignment/post can be accessed by multi-
ple students.

Through the analysis and demand summary of the above system functions, more
than 10 data items have been designed, some of which are shown in Table 2.

The background database of the system should include administrator information,
student information, column information, “information” information, link information,
evaluation information, homework information, posting information and other relevant
information, and ensure the safety, integrity and standardization of the data. The SQL
Server background database designed in this system is JPKCMdf, which defines more
than ten data tables, including ADMIN, STUDENT, BLOCK, INFO, LINK, TEST,
HOMEWORK, and ARTICLE. Due to space constraints, it will not be detailed.

The above process completes the database design and provides support for the
subsequent multi-agent construction.
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Table 2. Data Item Information Table

number | data item information
1 Administrator Information | User ID, password, authority, email, phone, etc.
2 Student information User ID, password, student number, name, grade,
department, major, class, etc.
Column information Column ID, name, type, display method, etc.
4 Information Information ID, title, category, creator, creation time,
content, additional information, etc.
Link Information Link ID, address, name, etc.
6 Evaluation information Evaluation ID, title, description, release time, end

time, number of problems, etc.

7 Job information Assignment ID, name, teacher, start time, end time,
content, status, etc.

8 Post information Post ID, title, content, publisher, publishing time, etc.

2.3 Multi Agent Construction Module

Agent, as its name implies, is an entity with intelligence. Its English name is Agent.Based
on the cloudAIAs the core, build a system of stereoscopic perception, global collabora-
tion, accurate judgment, continuous evolution and openness. Multi agent can transform
the problem of automatic generation of online courses into a Markov decision-making
process with limited distributed observation, which can simplify the automatic gen-
eration of online courses to the greatest extent. Therefore, this section constructs and
configures multi-agent [5].

There are many independent agents in the multi-agent system. Each agent can inde-
pendently perceive and collect information about the environment. These agents share
the same environment and often serve a common goal. The interaction process between
multi-agent and environment is shown in Fig. 2.

Joint status
> Agent | »
Joint rewards Joint action
Joint status
» Agent 2 »
Joint rewards Joint action
Joint status
> Agentn >
Joint rewards Joint action

environment S

Fig. 2. Schematic diagram of interaction process between multi-agent and environment
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From the perspective of one of the agents, the interaction process is not very different
from that in the single agent system. However, because the environment is shared, each
agent can execute actions into the environment, and the transfer of environment state is
not only determined by one agent, but also determined by all agents. For example, agent
in Fig. 2 n status of s}, possibly with agent 1 to n all relevant. This mutual influence and
coupling makes the analysis and optimization of multi-agent systems more complicated
than that of single agent systems.

From the perspective of a single agent, the multi-agent system does not have the
Markov property, but from the perspective of the combination of all agents, that is, if
the multi-agent as a whole is regarded as a super agent, the Markov decision process
of a single agent can be extended to the multi-agent system. Assume that the number
of multi-agent in the system is n, then the joint state space can be expressed as S =
S x 82 x .- x 8", where, S’ represent agent i state space; The joint action space can
be expressed as A = A! x A% x --- x A", where, A’ represent agent i space for action.
At the moment ¢, federation status s, € S in joint action a; € A will be changed and
transferred to s,y the transfer probability is determined by the joint state probability
transfer function of the environment, and the expression is

P=SxAxS (1)

In Formula (1), P it represents the transition probability.

At the same time, the environment will return a joint reward r; = {rtl, rtz, e, rt"}
In the cooperative multi-agent system, the multi-agent will optimize a common goal, so
generally speaking, the environment will return the same reward for each agent, that is,
the agent i rewards for i and Agents j rewards for 7] it is the same. The environment
only considers the common impact of joint actions on the environment, but does not care
about the merits of each agent’s decision-making.

The multi-agent subsystem constructed above is used to transform the automatic
generation problem of online courses into a distributed observation constrained Markov
decision process, which can be defined as a seven tuple, expressed as

F=(S,A,P,R,Z,0,n) 2)

In Formula (2), F it represents the result of problem transformation automatically
generated by online courses; R it means joint award; Z it represents the mapping func-
tion inside the observation information simulation environment; O it represents the
observation information of agents.

All agents need to learn a cooperation strategy to maximize the cumulative discount
reward. The calculation formula is

o = Eg, [Z ﬂ’rﬁ] 3)

In Formula (3), o represents the cumulative discount reward calculation result; E,[-]
it represents the calculation function of multi-agent cumulative discount reward; 8’ indi-
cates the auxiliary parameter for cumulative discount bonus calculation; 7; it represents
an agent i policy.
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Through the above process, the construction of multi-agent is completed, and the
problem of automatic generation of online courses is transformed into a Markov decision-
making process with limited distributed observation, which facilitates the realization of
automatic generation of online courses.

2.4 Implementation Module of Automatic Generation of Online Courses

Through the application of multi-agent, the realization of automatic generation of online
courses can be divided into three stages, namely, multi-agent training stage, multi-agent
value decomposition stage and multi-agent communication mechanism design stage
[6]. After passing the above stages, the multi-agent can automatically generate the cor-
responding functions of online courses, and automatically generate the required high
school physics online courses according to user needs.

2.4.1 Multi Agent Training Phase

At present, the mainstream multi-agent reinforcement learning methods are mainly
divided into two types. One is that agents communicate before making decisions, so
as to master more comprehensive information and “negotiate” a cooperative strategy.
This method requires agents to learn an efficient communication strategy. Therefore,
the problem is mainly from when to communicate, what to communicate. How to carry
out communication in these three aspects; The other method is to use centralized train-
ing and distributed execution. Each agent only uses its own observation information to
make decisions during the execution process, but all agents are trained together dur-
ing the training process, so that agents can easily obtain global information and learn
cooperation strategies [7]. The multi-agent training program is shown in Fig. 3.

simulation environment

olrw fal onrw fan

! T

| |
A 4 4

Experience Pool

[
A 4

Centralized training channel

v v

Ql Qn

v v

Fig. 3. Multi agent training program
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Because the agent can only observe a part of the observation information in the multi-
agent scene, and then make a decision based on the limited observation information, the
decision is often a local optimal action rather than a global optimal action. In order to
enable agents to learn a globally optimal strategy as far as possible, researchers have
proposed a centralized training and distributed execution mechanism, which divides the
training process and execution process of agents, making the two processes relatively
independent. In the process of implementation, agents make decisions according to
their local observation information, which meets the objective requirements; After the
execution, all agents train together according to the global information during the training
process. The advantage is that agents can not only obtain the global information for
training, but also train together with other agents, making it easier for both parties to
learn a cooperative strategy [8]at the same time. Figure 3 is the schematic diagram of
centralized training and distributed execution mechanism. The lower part of the diagram
represents centralized training, the upper part represents distributed execution, and the
strategies of agents 1, is responsible for making decisions in the execution phase to
generate samples and storing the samples in the experience pool, and then its state
action value function Q;, responsible for using the global sample in the training phase
7;, update so that 77; continuously update to the global optimal strategy.

Central-V is a basic centralized training and distributed execution algorithm. It uses
Actor Critical as the infrastructure to directly train a centralized state value function V (S)
as a Critical, each agent maintains a policy network by itself 7;(O;) used for distributed
decision making, and passed the V (S) to calculate performance advantages A(O;, A;) to
update ;(O;) the specific update gradient calculation formula is

o = w1g(Ai0;) - A(O;, Ay )

In Eq. (4), « it means ;(O;) update gradient of;  (A;|0; ) it represents a state value
function V (S) time series difference error of, used to measure O; down execution action
A; performance improvement.

Since Central-V is only a simple Actor Critical method, use V (S) as the dominant
function, the timing difference error of V (S) is not enough [9]. Therefore, COMA first
learns a global state action value function Q(S, A) then, based on the counterfactual idea,
a new dominance function is proposed, whose expression is

Ai(S,A) = 0(S,A) — Zm(AiIOi)Q(S, (A_i, A) ®)

In Formula (5), A; (S, A) it represents the dominance function.

Through the advantage function shown in Eq. (5), the agent can compare the actions
that have been executed with other actions to optimize its own strategy 7;, preparing for
the automatic generation of online courses.

2.4.2 Multi Agent Value Decomposition Stage

The multi-agent value decomposition method takes centralized training and distributed
execution as the basic training architecture, and its core idea is to construct the indi-
vidual value function of agents Q;(O;, A;) and global valued functions Qyy1 (S, A) the
expression is



194 H. Chi et al.

Qt()tal(SvA) = ;[Ql (019A1)a Q2(02a A2)9 Tt Ql’l(Ons An)] (6)

In Formula (6), ¢[-] it represents the relationship between the individual value
function and the global value function of the agent.

Through relationships ¢ individual state action value function of agent can be used
0i(0;, A;) to approximate the global state action value function Qyyq(S, A) and then
update it in the stage of centralized training Qyoqi(S, A), via Qo1 (S, A) go through
relationships ¢ To update the individual value function of each agent Q;(0;, A;), each
agent uses its own individual value function in the distributed execution phase Q;(0;, A;)
make decisions. Therefore, most of the current value decomposition methods focus on
constructing an accurate, stable and generalized functional relationship ¢ to approximate
a more accurate Qyrq(S, A) [10]. Centralized training stage Qyprq1(S, A) use DQN to
update, as shown below:

L) = G Qurar(S. A 9) = (R + BOura (5.4, 9))? )

InEq. (7), I'(¢) it means O,y (S, A) update function; ¢ represents the update param-
eter; G[-] it represents an auxiliary function expression; 8 it means Qs (S, A) update
step size.

In order to make the agent’s strategy approach the global optimal strategy, ¢ the
structure of must meet the following conditions as far as possible:

arg max Oy (S, A) =[argmax Q1 (01, Ay),
argmax 0>2(02, Aj), - - - ,argmax Q,(0,, Ap)] (8)

When the agent strategy reaches the global optimal strategy, the automatic generation
performance of its online courses reaches the optimization.

2.4.3 Design Phase of Multi-agent Communication Mechanism

The core idea of the communication based method is to design a communication mech-
anism that allows the agent to communicate before the online course automatically
generates the decision, implicitly allowing the agent to obtain the global information
and the decision information of the teammates, so as to reach a cooperation strategy.
Therefore, most communication based methods are committed to designing an efficient
communication mechanism between agents. This mechanism needs to be designed from
three aspects: when to communicate, what to communicate, and how to communicate.
At present, mainstream methods directly provide a channel. When communicating, the
optimal solution is to let the agent learn the communication protocol by itself, so as to
intelligently determine the communication time and content.

The early CommNet is a multi-agent reinforcement learning network structure based
on communication, which combines the policy networks of all agents into a large net-
work, allowing agents to code their own network to obtain hidden states before making
decisions H; send it out and accept the hidden state sent by other agents at the same
time H_; and calculate the mean value C; so as to obtain sufficient information before
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making decisions H;, and the average value of other agent information C;, get a new
hidden state H;. At the same time, in order to prevent inconsistent communication results
caused by a single communication, CommNet uses multiple communications to ensure
consistent communication policies. Specifically, in the j Step, agent i the hidden state of
is calculated as

oM = (1], c]) ©)

In Eq. (9), H{ it refers to the communication section j-one step agent i hidden state

of; C{ it refers to the communication section j-average value of information of other
agents in step 1.

CommNet allows agents to hide their own state every time H; in this way, the agent
only learns the communication content, but has no time to learn communication. In many
cases, communication is often unnecessary, because agents can make decisions based on
their own observation information, and do not need the communication information of
other agents. In addition, the information sent by some agents is likely to be redundant
and noisy, which will interfere with the intelligence. So IC3Net designed a door &
communication action is obtained g;, determine the agent i whether communication is
needed at present, and then in the communication phase g;, for agents i the specific
processing method is

Cf:nile{-gf (10)
In Eq. (10), due to g; It is a binary number. When it is 0, the agent i wipe out the
communication information of.
After the above three stages, multi-agent can automatically generate the correspond-
ing functions of online courses, and can automatically generate the required high school
physics online courses in combination with the specific needs of users.

3 Design System Application Performance Test

3.1 Multi Agent Task Target Adaptive Configuration

The design system takes multi-agent as the core, and realizes the automatic generation
of high school physics network curriculum through the cooperation of multi-agent. In
order to ensure the normal performance of the application of the design system, it is
necessary to adaptively configure the task objectives of multi-agent to provide some
convenience for subsequent experiments.

In order to guide different agents to explore to take advantage of different task
target rewards, it is necessary to guide different agents to explore task targets belonging
to different clusters. Because agents have a tendency to use all the targets they have
explored, they need to build an adaptive task target allocation model Wy (i, k) to the
agent i and mission objectives k score the relationship between them, and conduct
macro-control according to this score to judge whether to run the agent to discover this
task target. This research design proposes an adaptive target allocation algorithm, which
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uses the self-monitoring learning theory to purposefully divide the task targets according
to the historical running conditions of agents. The task target adaptive configuration of
multi-agent is shown in Fig. 4.

Actual rewards [«

reward

Task arget
allocator

Rating Network own coding 4:—/>

Task Target

Intelligent agent dep0511 History B deposit
group Completion
Cache

Fig. 4. Schematic diagram of multi-agent task target adaptive configuration

If the agent i stay ¢ access to external task objectives in the environment at all times
k, the task will be k status information for s input from encoder to get intermediate
results xx, and then calculate the task target status code through the scoring network xj
and agent number i the score of this combination, and calculate the actual reward that
the agent should get, the expression is

ri)tZWv,(l',k)*S*Sk*Xk (11

In Eq. (11), r;; it represents an agent i stay ¢ access task objectives at all times k
actual rewards obtained; § represents a weight super parameter.

After completing a series of operations (xx, i) update to the task target history com-
pletion cache. At the end of each episode, the central controller will call the task target
history to complete the data training task target adaptive allocation network model in
the buffer area.

3.2 Analysis of Experimental Results

On the basis of the above multi-agent task target adaptive configuration results, the com-
parison experiment of the automatic generation of high school physics online courses
is carried out with the automatic generation system of online courses based on fuzzy
clustering and the automatic generation system of online courses based on FCM cluster-
ing as comparison system 1 and comparison system 2. In order to intuitively display the
application performance of the design system, the time consumption of automatic gen-
eration of online courses and the perfection of online courses’ functions are selected as
evaluation indicators. The specific analysis process of experimental results is as follows:
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3.2.1 Time Consuming Analysis of Automatic Generation of Online Courses

The time consumption for automatic generation of online courses obtained through
experiments is shown in Fig. 5.
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Fig. 5. Schematic diagram of time consuming for automatic generation of online courses

As shown in the data in Fig. 5, under different experimental conditions, the auto-
matic generation time of online courses obtained by the design system is much lower
than that of comparison system 1 and comparison system 2. Under the eighth experi-
mental condition, the minimum automatic generation time of online courses obtained
by comparison system 1 is 18 s, while the minimum automatic generation time of online
courses obtained by comparison system 2 is 17 s. The minimum automatic generation
time for online courses obtained under the eighth experimental condition was 16 s. The
results show that under the specific experimental conditions, the designed system has
achieved remarkable improvement and efficiency in the automatic generation of online
courses.

3.2.2 Analysis on the Perfection of Online Course Functions

The degree of functional perfection of online courses obtained through experiments is
shown in Fig. 6.

As shown in the data in Fig. 6, under different experimental conditions, the functional
perfection of online courses obtained by the design system is much higher than that of
comparison system 1 and comparison system 2. Under the background of the seventh
experimental condition, the maximum functional perfection of online courses obtained
by comparison system 1 is 85%; under the background of the seventh experimental
condition, the maximum functional perfection of online courses obtained by comparison
system 2 is 90%. Under the background of the seventh experimental condition, the
maximum degree of functional perfection of online courses obtained by the design
system is 99%. In this particular experimental condition, the designed system has made
remarkable progress and improvement in the function of online course.
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4 Conclusion

Online courses have the advantages of friendly interface, intuitive image, and multiple
stimulation channels, which can help learners to play their initiative, and help to orga-
nize information and construct meaning. The need of network course construction is the
requirement of information education. Network courses have the following advantages:
First, flexible interaction. Traditional classroom interaction is poor. Except for a few
questions and answers, it is difficult to accommodate in-depth communication in time
and space. During online learning, real-time communication, discussion and interac-
tion can be realized between teachers and students and between students through online
question and answer system, BBS, FAQ and online collaborative learning system; The
second is the asynchrony of teaching and learning. School education has its time limit
and limitations, which cannot meet the internal requirements of education popularization
and lifelong education. Network teaching has no time and space restrictions, knowledge
space has unlimited extension, and learning time is completely free. Learners can design
personalized curriculum and schedule; The third is the universality of learning infor-
mation. In the process of online learning, the object of learning information service is
students. Students can expand their learning according to the resources recommended
by teachers, or choose learning resources in cyberspace individually, which not only
enriches learning resources, but also helps students to cultivate their active learning abil-
ity. In order to meet the needs of high school physics teaching, this paper proposes the
research on the design of the automatic generation system of high school physics network
courses based on multi-agent, which shortens the time consumption of the automatic
generation of network courses, improves the functional perfection of network courses,
and provides effective system support for the generation of network courses.
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Abstract. In the process of designing the learning support system, due to the low
interaction flexibility between different modules, the running performance of the
system is difficult to meet the application requirements under the condition of
multi-user parallelism. Therefore, this paper proposes the design and research of
multi-agent based mathematics curriculum network collaborative learning support
system. The MYC-J335X-V2 core board equipped with TI AM335X processor
and ARM Cortex-AS8 core is used as the carrier of system development, ensuring
that the running performance meets the application requirements under multi user
parallel conditions. In the software design phase, based on multi-agent, a three-
tier system architecture is constructed, and the resource allocation of each level is
clarified. Each agent is refined from the perspective of structure and function, so
that the information interaction between agents can be carried out independently,
and its flexibility is improved. In the test, on the premise of 1400 concurrent
requests, the corresponding CPU utilization and response time of the design system
were 67.3% and 466.3 ms, respectively, which met the application requirements
of the mathematics course network collaborative learning support system.

Keywords: Multi-Agent - Mathematics Curriculum Network - Support System -
MYC-J335X-V2 Core Board - System Architecture - Information Interaction

1 Introduction

Compared with the traditional classroom, the information-based classroom has more
resources, richer forms of interaction [1], and more wonderful forms of classroom
expression, which can improve teachers’ teaching and office efficiency, strengthen the
interaction between teachers and students, and improve students’ interest in learning [2].
Through the information classroom, students’ data can be collected and analyzed, and
students’ learning behavior can be supervised. Students can use the information platform
to use fragmented time for learning [3], and teachers can use the information platform
to reduce workload and conduct personalized teaching for students. As the epidemic has
made the information-based classroom a big step forward, various teaching systems have
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sprung up like mushrooms [4]. Although this type of teaching system has various func-
tions, its functionality is not highly targeted, and most teachers only use a small portion
of these functions in actual teaching practice. As reference [6] analyzes the steady and
long-term development of online teaching in the new era - taking the practical courses
of music majors in universities as an example, reference [7] designs a new visual Q&A
based online teaching effectiveness evaluation model. The above research shows that
teachers are unable to customize the interface or the functions provided in the course
according to the characteristics and different needs of their own courses, and the com-
plex functional interface can actually lead to a decrease in user experience. Therefore,
it is of great value and significance to design and implement a personalized teaching
system that teachers can customize according to the characteristics of the mathematics
curriculum.

For this reason, this paper proposes the research on multi-agent based mathematics
mathematics curriculum network Collaborative learning support system, and the specific
research process is as follows:

(1) The hardware design includes the design of a processor and a development board,
ensuring that their performance meets the application requirements under multi user
parallel conditions;

(2) In the software design, the multi-agent system architecture and the structure and
function design of each agent are designed respectively to ensure the support effect
of the network Collaborative learning of mathematics courses;

(3) The test experiment analyzed the server performance under different numbers of
concurrent accesses, and verified the practical application effect of the designed
system.

2 Hardware Design

In order to ensure that the designed mathematics course network collaborative learn-
ing support system can meet the operational requirements under the multi-objective
application environment, realize the rapid parallel processing of multiple requests, and
reasonably design the core board is very necessary [8]. For this reason, this paper takes
MYC-J335X-V2 core board as the development carrier of the design system, which is
equipped with TI AM335X processor, with strong compatibility and easy expansion
attribute characteristics [9]. At the same time, the ARM Cortex-AS8 core is also config-
ured, and the corresponding operating frequency can be up to 1.0 GHz. With the char-
acteristics of high performance and low power consumption, it can provide the highest
DMIPS at the same cost; At the same time, it provides 3D graphics acceleration and key
peripheral integration to meet various application needs [10]. The optional 3D graph-
ics accelerator has a performance of up to 20 M/tri/s, supports LPDDR1/DDR2/DDR3
memory, and the independent PRU subsystem provides additional flexibility for prod-
uct design. In terms of resource allocation, the MYC-J335X-V2 core board integrates
gigabit Ethernet interface chips and PMU power management chips, which can meet the
development and design requirements under different conditions.

The temperature of MYC-J335X-V2 core board’s operating environment is required
to be industrial grade, which can perfectly meet the external connection and expansion
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needs with the support of 200PIN golden finger interface.In terms of software resource
configuration, the MYC-J335X-V2 core board perfectly supports the Linux 4.1.18 sys-
tem. Combined with the above configuration analysis, it can be seen that MYC-J335X-V2
core board can meet the operation management requirements of the mathematics course
network collaborative learning support system. In addition, the MYC-J335X-V2 core
board also provides optional support for Ethercat and Profibus to further meet the needs
of system design.

(1) Integrated configuration and extended signal settings

The specific structure of MYC-Y335X-V2 core board is analyzed. It is designed
as a high-density high-speed circuit board, connected by stamp holes, with a size of
70 mm x The 50 mm board is integrated with TT AM3352/AM3358 processor, DDR3,
NandFlash, PHY chip (gigabit) and other circuits. See Fig. 1 for details.

512MB TI Cortex—A8

DDR3 AM335x CPU PHIC

° .
512MB EEPROM Ethernet
NandFlash 32Kb 1000M

Fig. 1. MYC-Y335X-V2 Core Board Integration Configuration

In order to meet the integration requirements, MYC-Y335X-V2 core board adopts
8-layer PCBA design, gold deposition process, and independent and complete ground
plane to ensure its quality reliability. On this basis, the extended signal setting of MYC-
Y335X-V2 core board is analyzed, as shown in the table (Table 1).

It can be seen from the MYC-Y335X-V2 core board expansion signal settings shown
in Fig. 1 that it has rich signal resources and can meet its application needs with strong
scalability.

(2) Functional configuration

Figure 2 shows the function configuration of MYC-Y335X-V2 core board.

It can be seen from the information shown in Fig. 2 that the MYC-Y335X-V2 core
board supports the implementation of multiple functions and can ensure the smooth
operation of the network collaborative learning support system for designing mathemat-
ics courses in a multi-agent environment. Table 2 shows the parameter configuration of
the MYC-Y335X-V2 core board backplane.

As can be seen from Table 2, the MYC-Y335X-V2 core board designed in this paper
has multiple configuration parameters to choose from, which greatly ensures that it can
meet the development needs of different levels.
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Table 1. MYC-Y335X-V2 Core Board Extension Signal Settings

S/N | project parameter
1 Internet port | 2-way gigabit network interface
2 USB Expandable 2-way independent USB OTG2.0
3 Serial port Expandable 6-channel serial port
4 12C Expandable 2-way I12C bus
5 CAN Up to 2-way CAN bus can be expanded
6 SPI Expandable 2-way SPI
7 ADC 8-way ADC
8 PWM 2-way PWM
9 SDIO 3-channel SDIO (1 channel SDIO signal is shared with NAND FLASH
signal)
Net1_100M o
e | 2 s
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CAN%] =
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Fig. 2. Function Configuration of MYC-Y335X-V2 Core Board

USART*2 12C USART*2 UART

(3) Parameter configuration

Table 3 shows the basic parameter configuration of MYC-Y335X-V2 core board.

Combined with the data information shown in Table 3, MYC-Y335X-V2 core board
canrealize the adaptive adjustment of its own running state in combination with the actual
application of the mathematics course network collaborative learning support system to
ensure that the system performance can meet the actual needs. In the actual operation
stage, considering the differences of the objective environment, it is also extremely
necessary to ensure that the performance configuration of the core board can adapt to
the actual situation of different operation environments. Table 4 shows the basic operation
parameter configuration of MYC-Y335X-V2 core board.

It can be seen from Table 4 that the adaptability of MYC-Y335X-V2 core board to
the operating environment is of industrial grade, and it is characterized by low power
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Table 2. Parameter Configuration of MYC-Y335X-V2 Core Board Bottom Plate

S/N | project parameter

1 audio frequency | One channel audio 3.5 mm output interface; One channel audio
3.5 mm input interface

2 display 16 bit true color display interface, default 480 x 272 resolution (4.3
inch screen), support 7 inch screen (800 * 480)

3 USB 1-way high-speed USB HOST interface

4 Serial port 1-way mini USB HOST/Device interface

5 RS485 1-channel mini USB debugging interface

6 Micro SD 5-way serial port, 1-way 3-wire, 4-way 5-wire

7 CAN 2-way RS485 interface, shared by signal and serial port

8 Ethernet 1-way Micro SD card interface

9 JTAG 1 circuit (with electrical isolation)

10 | User light 2-way 10/100/1000 Mb/s Ethernet interface

11 |RTC One 14-PIN, 2.54MM spacing JTAGP

12 | project 2 user lights/system heartbeat lights (backplane: green)

Table 3. Basic Parameter Configuration of MYC-Y335X-V2 Core Board

S/N | name main parameter

1 Core and main frequency | TI AM3352/AM3354/AM3358 up to 1 GHz

2 Memory 128 MB /256 MB / 512 MB DDR3

3 Flash 128 MB /256 MB / 512 MB NandFlash

4 eMMC 8 GB eMMC standard configuration, 16 GB and 32 GB
capacity options

5 Ethernet 1 channel gigabit network interface

6 Power management External PMU power management chip

7 watchdog External independent hardware watchdog

8 indicator light One power indicator (red) and one user indicator (green)

consumption. With this configuration, the impact of environmental factors on system
operation status is minimized. In addition, MYC-J335X-V2 provides driver support for
the Linux operating system, along with development kits and related materials. It pro-
vides stable design reference and perfect software development environment for devel-
opers, which can effectively help developers improve development efficiency, shorten
development cycle, optimize design quality, and accelerate product development and
time to market. The Boot Loader is set as Boot Loader, and the secondary boot program
is responsible for system initialization and kernel boot.
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Table 4. Operation Parameter Configuration of MYC-Y335X-V2 Core Board

S/N | project parameter
1 working temperature —40~+85 °C industrial grade
2 ambient temperature —50~100 °C
3 ambient humidity 20%-90%, non condensing
4 Mechanical dimensions 67.6 mm x 45 mm, 1.00 mm thick
5 PCB specification 8 layers, produced by gold deposition process, independent
grounding signal layer, lead-free
6 Power supply DC5V
Core board interface type | 200PIN golden finger interface, spacing 0.6 mm
8 System power consumption | About 5 V/0.1 A

It not only supports NAND Flash erasing, reading and writing, but also supports
downloading images on the network, setting and saving environment variables, display-
ing, comparing and modifying memory contents, and adjusting system operation with
bootcmd, bootargs and other settings.

(4) Driver settings and application configuration

Table 5 shows the drive configuration of MYC-J335X-V2 core board.

Table 5. MYC-J335X-V2 Core Board Drive Settings

S/N | setup Drive configuration

1 USB Host Linux kernel specially designed for MYD-AM335X-J hardware
2 USB Device USB Host drive, supporting OHC and EHCI transmission modes
3 Ethermet USB Device Driver (Gadget)

4 MMC/SD Ethernet drive

5 NAND Flash MMC/SD card driver

6 12C NAND Flash/SmartMedia driver

7 PI 12C drive

8 Audio SPI drive

9 LCD SGTL5000 audio driver

10 RTC LCD screen drive, supporting 4.3 inch and 7 inch LCD screens
11 TouchScreen Built in RTC clock drive

12 PWM 4-wire resistance touch screen drive

(continued)
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Table 5. (continued)

S/N | setup Drive configuration

13 UART PWM drive

14 CAN Serial Drivers

15 PMU CAN drive

16 LED Power management drive

17 GPIO LED drive. Including GPIO LED and PWM LED drive
18 12c to UART/IO | GPIO drive

On this basis, the file system is divided into rootfs and rootfs qt. Among them, rootfs
is based on the file system driver customized by buildroot, and rootfs gt uses the Qt file
system.

To drive, both are in binary form. For the corresponding application configuration,
the specific settings of the MYC-J335X-V2 core board are shown in Table 6.

Table 6. MYC-J335X-V2 Core Board Application Configuration

S/N set up to configure

1 Audio Aduio test program

2 CAN CAN test procedure

3 Key&LED Key LED test procedure

4 NET Network Test Procedure

5 RTC RTC clock test experiment

6 NAND Flash NAND Flash Clock Test Experiment
7 GPIO GPIO Test Procedure

8 RS485 RS485 Test Procedure

9 Qt Qt environment and demo program

Combined with the above comprehensive analysis of MYC-J335X-V2 core board, it
can be seen that taking it as the development carrier of the web-based collaborative learn-
ing support system for the design of mathematics courses in this paper can effectively
guarantee the smooth implementation of relevant functions and improve the reliability
and smoothness of its operation.
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3 Software Design

3.1 System Architecture Design Based on Multi-agent

The system studied in this paper adopts browser/agent/server server mode (and B/A/S
mode). The browser is used to let users browse the page, and the server is used to store
the database, mainly.

It is used to process applications and systems and interactively access the corre-
sponding data in the database. This mode is called “thin user” mode. Users can surf
the Internet through the browser, which can avoid installing different user programs for
different clients, help to improve users’ access speed, and is equivalent to providing a
unified environment for users. In order to reduce the burden of the server, the client
can also install some Java Applet plug-ins to improve the functions of the client, which
not only increases the security, but also can perform corresponding operations on the
user according to the permissions granted by the user. All agents are distributed in the
intermediate agent layer, which is the communication bridge between the server and the
client. Server communication requires protocols such as FTP and HTTP to assist. Various
agents communicate on the intermediate agent layer through FIPA-ACL language.

The first layer of the system architecture is the presentation layer, which mainly
provides the user with a Web browser, presents it to the user graphical interface, and is
responsible for interacting with the user. The display logic of the system also includes the
presentation layer. The main functions of this layer are to provide user information and
behavior acquisition, realize the input and output of knowledge required for mathematics
teaching, accept the tasks provided, and process the feedback results.

The intermediate agent layer is on the second layer of the system architecture. These
agents are mainly divided into three types, which can be expressed as

Sq = {ay, dg, ar} (1)

Among them, S, Represents the agent of the intermediate agent layer, a, Represents
the user agent, which can be subdivided into

ay = {ay, ays} )

Among them, ay, Represents teacher agent, a,s Represents a student agent. a,
Represents the management agent, which can be subdivided into

ag = {agj, ag} 3)

Among them, ag; Stands for monitoring agent, ag; Represents the mathematics teach-
ing management agent. a, Represents a task agent. The main workflow of agents in the
middle agent layer is as follows:

(1) When logging into the system for the first time, you need to register through the
monitoring agent, assign different permissions to users with different identities,
generate teacher agents for teachers, and student agents for students;

(2) After the student agent logs in the system for the first time, it extracts the basic
information of the user according to the user’s identity, and uses this information as
the user’s system learning scheme;
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(3) If the student is not logging in to the system for the first time, extract the learning
record agent according to the student agent, and give the learning record saved by
the student before, which can be used as the reference information for the student
to continue learning;

(4) Afterstudentslogon to the system, they can select their own course content according
to the displayed learning interface. At the same time, the management agent also
receives the information obtained by the student agent, and provides students with
learning suggestions according to the student agent;

(5) After the teacher agent logs into the system, he can edit the syllabus and lesson plan,
and assign homework, exam questions, correct homework, answer questions raised
by students, etc. to the student agent of the course he has learned;

(6) The specific contents learned by students, exercises or assignments after class, solu-
tions to problems encountered in learning, and examination questions after each
chapter are provided by the mathematics teaching agent, homework agent, question
answering agent, and examination agent respectively;

(7) Student Agent integrates the mathematics teaching agent, homework agent, question
answering agent and exam required by students

Agent is passed to students;

(8) In order to adjust the students’ learning suggestions for the next step, the student
agent collects the students’ answer results, evaluates the returned exam results, and
the management agent receives the evaluation results of the exam agent, and then
adjusts the students’ learning suggestions for the next step through this evaluation.

The data layer is the third layer, where various data resources are stored. The specific
content can be expressed as

Sy = {t(x), c(x), f (), i(x), g(x)} “4)

S; Represents the composition of the data resource layer of the system, 7(x) Repre-
sents the mathematics teaching content library, c(x) Indicates the question bank, f (x)
Represents the mathematics teaching strategy library, i(x) Represents the student infor-
mation base, g(x) Question pool. It should be noted that the knowledge base is composed
of specific mathematics curriculum knowledge taught by teachers. It plays the role of
organizing materials needed for mathematics teaching, storing and managing all knowl-
edge content required for courses in this mathematics teaching field. The test question
database is composed of test questions. Its structure includes some basic attributes such
as the body of the question, the specific answer to the question, the criteria for judging
the question, the knowledge points involved in the question, the type of question, and the
difficulty of the question. At the same time, the attributes of questions will serve as the
basis of the examination agent, and according to the requirements of the examination,
the questions with appropriate difficulty will be extracted from the question bank to form
an examination paper. The difficulty of the questions also depends on the use.

The number of times varies, but the difficulty of the topic will decrease with the
number of times it is used. The mathematics teaching strategy library mainly records
various rules of software organization mathematics teaching and provides decision-
making basis for the teacher agent. It records various rules such as the selection of
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learning environment, the amount of tasks for this learning, the difficulty of learning,
and whether to enter the review stage, enter the test link, etc. In order to fully reflect
the autonomy of students, different students should have different mathematics teaching
strategies and rules. Students’ personal information can be expressed as

i(x) = {name, sex, years, number} 5

Among them, name Indicates the student’s name information, sex Gender informa-
tion indicated, years Indicates the age information of the student, number Represent the
student ID information of the student, and put it into the student information database. At
the same time, the student’s learning situation is also recorded in the student information
database. The specific information includes

k(x) = {t(D), s(0), T (D), q(1), w(®)} (6)

Among them, k(x) It represents the learning information of students, #(i) Represents
the learning time information, s(i) Represent learning content information, 7' () Indicates
the number of learning times, ¢(#) Indicates the current level information of students,
w(t) Indicates learning ability information.

3.2 Structure and Function Design of Each Agent

For the monitoring agent, this paper designs it to provide users with functions such as
registration, login, and cancellation exit. When a user logs in, the legitimacy of the user
is detected according to the user’s registration information. If the user is legitimate, the
corresponding teacher agent or student agent is generated. If it is a newly registered
user, student users should fill in their own learning ability evaluation form, improve the
registration information in the user’s basic information data table, so that the system can
put forward learning suggestions according to the user’s cognitive ability. If a student
wants to quit the mathematics teaching system after learning, save the student’s learning
record in the learning record agent and cancel the corresponding agent. The specific
structure of the monitoring agent is shown in Fig. 3.

User login and exit

A J
onitoring
modul

Registration communication Other
3 r Judgment tools
Information module Agents

Fig. 3. Monitoring Agent Structure

Secondly, Student Agent Student Agent mainly communicates with other agents,
among which communication with management agent is the most frequent. Its structure
is shown in Fig. 4.

The functions of student agent include:
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Fig. 4. Student Agent Structure

(1) Send the user’s basic information and request to the management agent through
the identification provided by the user, and the management agent feeds back the
corresponding mathematics teaching strategy to the student agent;

(2) Assist students to interact with the system, effectively guide students’ learning,
master students’ actual learning situation in the learning process according to the
learning record agent, so as to better select the content learned;

(3) According to the student’s choice, the homework generated by the student agent
through the homework agent, or the exercises or exams generated by the exam
agent, will be displayed to the student for viewing;

(4) Students submit the completed homework to the homework agent and obtain the
evaluation results of the homework;

(5) The exercises or exam questions that students have completed within the specified
time are returned to the exam agent, and the corresponding answers, knowledge
points involved in the questions and the evaluation of the exam are obtained through
review;

(6) But when encountering questions, you can establish a connection with the teacher
agent, pass the questions to the teacher, and ask for answers;

(7) Collect the students’ learning conditions (such as the length of learning time, the
results of practice exams, etc.) and hand them over to the management agent, who
will give suggestions for the students to continue learning through these information;

(8) When a student exits the system after learning, the student agent saves the student’s
learning record, and the corresponding student agent is also revoked.

The last is the design of teacher agent. When a teacher logs into the system, the
teacher agent will be created by the monitoring agent. As the name implies, through the
simulation of human teacher’s wisdom, teacher agent should have rich knowledge level
and mathematics teaching experience to control the mathematics teaching links in the
system. It has the following main functions:

(1) Check the learning situation of the students who choose this course, put forward
guidance according to the students’ learning requirements and actual situation, and
send the advice to the management agent for mathematics teaching guidance and
management of students, which is conducive to personalized mathematics teaching
of students;

(2) Assist teachers in editing, adding, deleting, modifying and updating mathematics
teaching content, and help teachers formulate mathematics teaching strategies and
rules;

(3) Check students’ current learning psychology, learning attitude, learning progress,
learning questions, learning achievements and students’ comprehensive learning
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ability, make statistics of these information, and then give students’ learning evalua-
tion, as well as reasoning to solve various problems encountered in the mathematics
teaching process, reorganize the mathematics teaching content, adjust the mathe-
matics teaching methods and steps, so as to give the best mathematics teaching
scheme;

(4) Edit, modify, add, generate and publish assignments, exercises and test papers, and
correct the assignments submitted by students, and update and maintain the exercise
library and mathematics teaching content library in a timely manner;

(5) Enter the question answering system, view the question answering database, par-
ticipate in the student’s question answering, answer the questions that cannot be
answered in the question answering agent, and update the answer results to the
question answering database;

(6) Collect the information fed back by students and enrich the contents of stu-
dent information database, knowledge database and mathematics teaching strategy
database;

(7) Communicate with other agents.

The last is the design of management Agent. The main function of management
agent is management and communication. It controls the cooperation and scheduling
among multiple agents. The structure of the management agent is shown in Fig. 5

Student Agent
A

Y

Monitoring
module

A

Y

.. Monitoring Other
Decision control
module Agents

Fig. 5. Student Agent Structure

The main functions of the management agent are:

(1) According to student information (provided by student agent), communicate with
learning record agent to obtain the history of student learning;

(2) According to the students’ request, communicate with the mathematics teaching
agent and provide the mathematics teaching content selected by the students to
them;

(3) According to the student’s request and historical information, give corresponding
suggestions for the student’s learning content;

(4) According to the student’s request and the current learning situation of the stu-
dent, communicate with the homework agent to provide students with difficult and
appropriate homework; After students submit their homework, provide students
with answers to the corresponding homework questions and the knowledge points
involved;
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(5) According to the student’s request and referring to the student’s historical learning
situation, communicate with the examination agent, and provide exercises or exam-
ination questions with appropriate difficulty to the student; After the students finish
answering the questions and submit the test questions, provide the answers to the
corresponding questions and the knowledge points involved to the students;

(6) According to the student’s request, communicate with the question answering agent
and give answers to the student’s questions;

(7) According to the evaluation results of the examination agent, provide students with
further learning suggestions;

(8) According to the student learning information provided by the student agent, the
corresponding learning suggestions are provided to students, so that students can
learn more purposefully.

4 Test Experiment Analysis

4.1 Test Plan

According to the demand indicators of the web-based collaborative learning support
system for mathematics courses, the system needs to meet the average concurrency
of 1225 and the peak concurrency of 1326. To understand whether the concurrency
performance of the server can meet the requirements, the test scheme developed in this
paper is shown in Fig. 6.

Application Server

Concurrent Request Load balancing
Server server

Application Server

Fig. 6. Performance Test Scheme

First, run the load balancing server and business functions on different virtual
machines, and then run a separate virtual machine as a concurrent request server to
simulate user requests. Jmeter needs to be installed in the concurrent request server to
simulate the concurrent request behavior of users. The configuration of each server is
shown in Table 7.

In this test, the concurrent request server takes 100 users as the starting point, and
adds 100 virtual users in turn.

The user records the CPU utilization response in the business function server through
the built-in listener and plug-in of Jmeter Time and other parameters. Each concurrent
request will be made many times. Finally, the average value measured many times will
be recorded.
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Table 7. Test Server Configuration

Server name Number of cores Memory
Concurrent request server 2 8.0
Load balancing server 2 8.0
application server 2 8.0
application server 2 8.0

4.2 Analysis of Test Results

Table 8 shows the server performance test results under different concurrent accesses.
The average response time is a key indicator to measure the system response time.

Table 8. Server performance test results under different number of concurrent accesses

Concurrent requests 90% 95% 99%
100 10 12 28
200 20 27 33
300 51 56 65
400 76 100 126
500 326 420 630
600 659 705 931
700 922 1001 1170
800 1360 1432 1604
900 1514 1648 1885
1000 1624 1858 2225
1200 1834 2004 2259
1300 1835 2105 2351
1400 2131 2309 2460

According to the test results shown in Table 8, with the increasing number of con-
current accesses, the performance test results of the designed system show a stable
development trend, with the corresponding average performance rising steadily, but the
overall stability is within 2500. On this basis, the CPU usage of the system is com-
pared with the increase of concurrent requests; As the number of concurrent requests
increases, the average response time of the system changes. The mathematics teaching
support system based on big data and the mathematics teaching support system based
on B/S are set as the control group for the test, and the specific operation conditions
of different systems under the same test environment are counted respectively. The test

results are shown in Fig. 7 and Fig. 8.
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Fig. 7. Comparison Diagram of System CPU Usage

As can be seen from Fig. 7, as the number of concurrent requests of the system
increases, the CPU utilization rate gradually increases. When the number of concurrent
requests is 1400, the CPU utilization rate of the system designed in this paper is only
70.0%. At this time, the CPU utilization rate of the big data based mathematics teaching
support system and the B/S based mathematics teaching support system reaches 82.01%
and 76.44% respectively. In contrast, the running performance of the system designed in
this paper is more stable. Not only that, but also from Table 9, the system did not reach the
performance bottleneck when 1400 concurrent requests were made. When the number
of concurrent users is 1300, the CPU utilization rate of the system designed in this paper
is only 67.3%, and the probability of abnormal response requests is relatively low. Based
on the above test results and analysis, it can be concluded that the system designed in
this paper can support the concurrency of 1400 users and meet the requirements of 1226
Concurrency requirements during peak hours.

In Fig. 8, with the increase of the number of system users, the average response time
of the three test systems gradually increases. When the number of users is 1400, the
average response time of the system designed in this paper, the mathematics teaching
support system based on big data and the mathematics teaching support system based
on B/S are 466.3 ms, 512.40 ms and 535.20 ms respectively. The response rate of the
system designed in this paper is significantly faster. Combined with the above test results
and analysis, it can be concluded that the response time of the system in this paper can
meet the response time index requirements in the actual application phase.

Analyze the changes in students’ mathematical learning scores before and after the
application of the system in this article. The analysis period is 3 months, and the changes
in students’ learning scores are shown in Table 9.

According to Table 9, after applying the system in this article, a total of 16 students’
academic performance has been improved, while only 2 students’ academic perfor-
mance has decreased; Before the application of this system, only 5 students’ academic
performance improved, while 13 students’ grades began to decline. The experiment



Multi Agent Based Network Collaborative Learning Support System 215

e This article designs a system
A Teaching Support System Based on Big Data
Teaching Support System Based on B/S
600

500
400
300

200

System response time/ms

100

1 2 3 4 5 6 7 8 9 1011 12 13 14

Number of concurrent requests/*100

Fig. 8. Comparison Diagram of System Response Time

Table 9. Changes in student grades before and after the application of this system

Group Number of | Increase/decrease | Total variation Average change
people situation per person

Before applying 18 5 people increase | Reduce 28.4 Reduce 2.5 points

the system in this by 11.4 points, points

article

After applying the | 18 13 people reduced | Increase by 40.3 | Increase by 2.7

system in this by 5.8 points points points

article

proves that the application of this system can effectively improve students’ math learning
performance.

5 Conclusion

The rapid development of economy and society has changed people’s production and
living mode for a long time to a considerable extent. In education, the accelerating
social rhythm makes the traditional face-to-face centralized mathematics teaching model
unable to meet people’s increasing learning needs. In recent years, with the rapid develop-
ment of computer and multimedia technology, an information-based online mathematics
teaching method relying on the Internet has gradually been accepted and recognized by
people. At present, the popularity of the Internet in China is increasing day by day, and
online mathematics teaching mode has gradually become a normal education mode that
relies on and complements the traditional offline mathematics teaching mode with its
advantages of fast transmission speed, wide coverage, and less impact from time and
space. In this paper, the research on the multi-agent based network collaborative learning
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support system for mathematics courses is proposed, which ensures that the running per-
formance of the system can meet the objective requirements in the practical application
stage.
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Abstract. With the rapid development of Internet and digital technology, educa-
tion methods and learning modes are also changing. Online education has become
a trend, so the research of online video teaching system is helpful to the quality
of English learning. The existing English online video teaching system mainly
uses the spring MVC (model - view - controller) architecture to generate the video
teaching interface, which is affected by the code maintenance relationship, result-
ing in some functions unable to operate normally. Therefore, it is necessary to
design a new English online video teaching system based on Streaming Media
Technology. The hardware part designs the ARM S3C2440 processor and LCD
display, the software part designs the video teaching transmission protocol based
on the streaming media technology, develops the core streaming media online
teaching program, and designs the English online video teaching function mod-
ule, thus realizing the English online video teaching.The system test results show
that each functional module of the designed online English video teaching system
based on streaming media technology can operate normally, which proves that
the designed online video teaching system has good performance, reliability, and
certain application value, and has made certain contributions to improving the
quality of online English teaching.

Keywords: Streaming Media Technology - English - Online Video - Teaching -
System Study

1 Introduction

Under the trend of globalization, English as the main language of international commu-
nication has become more and more important [1]. However, there are some limitations
in traditional English teaching methods. The rapid development of Internet and digi-
tal technology provides new opportunities for online education [2]. Therefore, it is of
great significance to study the background of English online video teaching system. The
system can provide flexible learning methods. Regardless of geographical location and
time constraints, learners can learn anytime and anywhere [3]. At the same time, per-
sonalized learning and teaching are also possible. The system can provide personalized
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learning content and teaching methods according to learners’ level, interest and learning
style [4]. In addition, the system can integrate rich and diverse learning resources and
expand learning opportunities and resources. Through multimedia, interaction and prac-
tice, English online video teaching system can improve the learning effect and results
[5, 6]. To sum up, the background and significance of studying English online video
teaching system is to explore and develop a flexible, personalized and efficient English
learning method, promote the development of English education, improve the English
level of learners, and promote the fairness and popularization of education.

Reference [7] proposes an English online video teaching system based on cloud
platform. Firstly, the framework of the English online practice system of cloud com-
puting platform is designed. The infrastructure layer is used to provide users with all
facility services, and the platform service layer is used to provide users with application
development, testing and custody functions. The software service layer evaluates users’
English learning status according to the scores of users’ knowledge points and question
types. Reference [8] proposes an English online video teaching system based on mybatis
framework. Combined with statistical information analysis and big data regression anal-
ysis, it carries out big data mining, and combines with relevant information feature
matching to carry out the sharing and scheduling design of multi terminal interoper-
ability online teaching resources. Build a multi terminal interoperability online teaching
resource scheduling model and resource sharing design, and carry out the software devel-
opment and human-computer interaction design of the multi terminal interoperability
online teaching platform under the mybatis framework. Although the above two systems
can realize the online teaching function, there are still some deficiencies in improving
learning performance.

In order to solve the problems existing in the existing teaching system, a new English
online video teaching system based on streaming media technology is proposed. From
the two aspects of hardware and software, the hardware is designed to meet the online
video teaching function of the system and improve the stability of system operation.
The software part improves the security and reliability of system resource transmission
through the design of transmission protocol, and designs the online teaching program to
complete the online video teaching function of English.

2 Hardware Design

Itis necessary to design an English online video teaching system from both hardware and
software aspects. From a hardware perspective, reasonable selection and configuration
of hardware devices can ensure the operational requirements and user experience of the
system, such as servers, network devices, cameras, etc. At the same time, the perfor-
mance of hardware devices and network bandwidth directly affect the implementation of
video quality and interactive functions. From a software perspective, designing a simple,
intuitive, and easy to operate user interface can provide a good user experience. At the
same time, it is necessary to provide rich and diverse teaching content and resources,
and achieve personalized teaching support through learning analysis and data mining
technologies. In summary, designing an English online video teaching system from both
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hardware and software aspects can ensure the improvement of system functionality, per-
formance, and user experience, providing a good video experience, interactive functions,
and personalized teaching support to meet the needs of learners.

2.1 ARM S3C2440 Processor

For an embedded system application, the selection of CPU is very important. Embedded
microprocessors generally need to have the following characteristics:

(1) High reliability and integration.The chip integrates as many interfaces or controllers
as possible to meet user needs, and expands off chip resources as little as possible.

(2) The overall cost of the product is low, and processors and peripherals that are cheaper,
more widely used, and have a long life cycle are selected.

(3) Low development cost, short development cycle, using operating system, driver
and other software to support perfect processors can effectively reduce the risks and
uncertainties in development.At present, there are more than 1000 kinds of processors
with embedded features in the world [9]. The popular architecture includes more than
30 series such as MCU and MPU, with faster speed, stronger performance and lower
price.Compared with industrial control computers, embedded microprocessors have the
advantages of small size, light weight, low cost and high reliability. At present, such
embedded processors include ARM, MIPS, Am186/88, 386EX, PowerPC, 68000, etc.
The performance comparison table is shown in Table 1 below.

Table 1. Processor Performance Comparison Table

Processor Type | Processor price | Main performance and application

ARM low Low power consumption, suitable for personal portable
devices

Dragon Ball low Low speed, mainly used in PDA

Power PC high Communication, network and other equipment;High unit

added value and small market;Especially for It is applied to
high-end embedded systems when there are high
performance requirements

It can be seen from Table 1 that, considering the application field, cost, development
difficulty and other factors, the embedded processor selected in this paper is ARM, which
is widely used in 16/32 bit embedded RISC solutions, has become the standard processor
on mobile phones, PDAs and other portable devices, and is the most representative
architecture of embedded processors.At the beginning of 2007, ARM’s 32-bit RISC
processor market share exceeded 95%.The kernels provided include the following series:
ARM7, ARM9, ARMIE, ARM10, SecurCore, StrongARM, InterXScale, etc.The time
of each series of products should follow the principle of high performance and low
power consumption to meet the increasingly complex application needs of users[10].
ARM microprocessor with RISC architecture generally has the following characteristics:
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(1) Small size, low power consumption, low cost and high performance;

(2) It supports Thumb (16 bit)) ARM (32 bit) dual instruction set, and can be well
compatible with 8-bit/16 bit devices;

(3) Using a large number of registers, the instruction execution speed is faster;

(4) Most data operations are completed in registers;

(5) The addressing mode is flexible and simple, and the execution efficiency is high;
(6) The command length is fixed.

According to the system requirements, this paper selects the S3C2440 processor
based on ARMO core produced by SAMSUNG Company.

S$3C2440is a 32-bit RISC processor based on ARM920T core produced by Samsung,
and a CMOS standard macro cell and memory unit with 0.18 um process. It provides a
solution of low-cost, low-power, high-performance small microcontroller for handheld
devices and general type applications. The highest frequency reaches 533 MHz, and
it is cheaper than other manufacturers’ products of the same type,Therefore, S3C2440
is used as the embedded processor in the implementation of this system, and its main
structure is shown in Fig. 1 below.

UARTO0,1,2 [« > 12C
USB Device [+ [ 128
SD VMMC ™ ™ GPIO
ABP
Watchdog |, | BUS N
Timer RTC
BUS CONT ™ ADC
SPIO.1 [ 7 AC97

Fig. 1. Main Structure of S3C2440 Processor

It can be seen from Fig. 1 that the S3C2440 processor contains a 16/32-bit RISC
architecture and a powerful instruction set of the ARM920T core. It contains MMUs, can
use virtual storage systems, and can support WINCE, EPOC 32, and LINUX operating
systems.Instruction high-speed storage buffer, data high-speed buffer, write buffer and
physical address TAG RAM reduce the impact of main memory bandwidth and respon-
siveness, and reduce the loss caused by cache loss;Support ARM debugging architec-
ture;Internal Advanced Micro Control Bus (AMBA) architecture;Support large/small
end mode;1G addressing space in total;Support 8/16/32 bit data bus bandwidth;From
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bankO to bank®6, fixed bank start addressing is adopted;Bank7 has a programmable bank
start address and size.

The S3C2440 processor has: independent 16 KB instruction cache and 16 KB data
cache, MMU, TFT capable LCD controller, NAND flash memory controller, 3-channel
UART, 4-channel DMA, 4-channel Timer with PWM, 1/0 interface, RTC, 8-channel 10
bit ADC, Touch Screen interface, IIC-BUS interface, IIS-BUS interface, 2 USB hosts,
1 USB device, SD host and MMC interface, and 2-channel SPI.Up to 533 MHz.

S3C2440 is the internal 32-bit address, the external 27 bit address, and the data bus
width is 32 bits.400 M main frequency, 100 — 133 MHz bus speed.If the peripheral
chip with 8-bit or 16 bit data width is connected to the CPU, the data bus width of the
core board is configurable, which can be configured as 32-bit, 16 bit or 8-bit modes
respectively.The setting is implemented in BW bit of BWCON.When assigning a slice
selection to a peripheral, set the two bits in its BWCON, and change the data width
when accessing its address.For 16 bit data width, the lowest 16 bit data line is valid;In
8-bit mode, the lowest 8-bit data line is valid. The interface connected to the processor
is shown in Fig. 2 below.

64M SDRAM e TFTLCD
interface module

< USB interface

JTAG interface S3C2440
™  SDcard
64M FLASH l+—» communication
interface interface

Fig. 2. S3C2440 Processor Connection Interface

It can be seen from Fig. 2 that the S3C2440 provides 8-way chip selection. Each
chip selection has a fixed address, and each chip selection has a fixed interval of 128M
bytes.This is invalid for CSO during startup, because CSO is a memory chip for storing
startup code, which is generally FLASH. When the CPU is just powered on, the data
width cannot be set with BWCON, and it is only implemented by hardware.The width
of data is determined by the hardware configuration after reset. The default value for
reset is 0x000000000.

2.2 LCD Display

At present, the display equipment of portable multimedia player mainly adopts LCD
(Liquid Crystal 1 Display) display, which is a kind of display that uses T liquid crystal
to control the transmittance technology to achieve color.Compared with CRT display,
LCD has obvious advantages.The light and dark are controlled by controlling whether
the light is transmitted. When the color is unchanged, the liquid crystal also remains
unchanged, so the refresh rate need not be considered.For LCD with stable picture and
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no flicker, the refresh rate is not high but the image is also stable.The LCD display also
uses the technical principle of liquid crystal to control the light transmittance to make
the bottom plate glow as a whole, so it is truly completely flat and has no radiation. Even
if you watch the LCD display for a long time, the screen will not cause great harm to
your eyes.In addition, its power consumption is relatively small, so it is very common
in portable devices at present.

At present, LCD used in media player mainly includes TFT and STN.TFT liquid
crystal display technology adopts the “active matrix” mode to drive. The method is to
use the transistor electrode made of thin film technology, and use the scanning method
to “actively” control the opening and closing of any display point. When the light source
irradiates, it first passes through the lower polarizing plate and transmits light with the
help of liquid crystal molecules.When the electrode passes through, the liquid crystal
molecules will change like the arrangement state of STN liquid crystal. The purpose of
display is achieved through refraction and light transmission. It seems that this is similar
to the principle of STN.But the difference is that since TFT transistor has capacitive effect
and can maintain the potential state, the liquid crystal molecules that have been exposed
to light will remain in this state until the TFT electrode is powered up again next time to
change its arrangement, while STN liquid crystal does not have this characteristic. Once
the liquid crystal molecules are not applied with electric field, they will return to their
original state immediately, This is the biggest difference between TFT liquid crystal and
STN liquid crystal display principle. TFT liquid crystal is equipped with a semiconductor
switch for each pixel, and its processing technology is similar to large-scale integrated
circuit.Because each pixel can be directly controlled through the dot pulse, each node is
relatively independent and can be continuously controlled. This design not only improves
the response speed of the display screen, but also can accurately control the display
grayscale. Therefore, TFT LCD has more realistic, smoother, more delicate, and stronger
sense of hierarchy. TFT LCD is more expensive in terms of price.Since TFT screen will
be the mainstream of future application, 5.7 inch TFT digital LCD CLAA057VAOI
produced by Shydar Company is selected in this paper. Its basic parameters are shown
in Table 2.

Table 2. LCD Display Parameters

parameter Specifications Company
Screen size 5.7 Inch
Display Format 640*(R,G,B)*480 Dot
Display Color 262, 144 \
Effective area 140(H)*100(V) mm

Pixel spacing 0.1815(H)*0.1815(V) mm
Outer frame size 127(W)*100(H)*7(D) mm
weight TBD g
response time 30 ms
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Table 2 shows that the LCD controller of S3C2440A chip is used to transmit image
data located in the video buffer in the system memory to the LCD driver and generate nec-
essary LCD control signals (VFRAME, VLINE, VCLK and VM).The LCD controller
uses the time jitter algorithm and frame rate control method to support monochrome,
4-level grayscale (each dot occupies 2 bits), 16 level grayscale (each dot occupies 4 bits)
display on a gray white LCD, and also supports up to 256 colors (each dot occupies
8 bits) display on a color LCD.The LCD controller can support LCD with different
horizontal and vertical points (1024 * 768, 640 * 480, 320 * 240, etc.), different data
line widths, different interface timing and refresh rates through programming, support
4-bit dual scan, 4-bit single scan, 8-bit single scan LCD displays, and support hori-
zontal/vertical scrolling to support larger screen displays (such as 1280 * 1280),Some
internal connection structures of the display are shown in Fig. 3 below.

Ststem Bus

REGBANK TIMEGEN
—
LPC3600
-—
LCDCDMA
—
= VIDPRCS |

VIDOMUX

Fig. 3. Internal Structure of LCD Display

It can be seen from Fig. 3 that the flow of LCD controller transmitting image data is as
follows: when the FIFO memory area in the LCDCDMA (LCD dedicated DMA, which
is used to automatically transmit the video data in the video buffer to the LCD driver
without the participation of the CPU) is empty or partially empty, LCDCDMA requests to
prefetch data from the video buffer (using burst transmission mode, prefetching 4 words
at a time, and bus control transfer is not allowed during transmission). Its interface is
shown in Table 3 below.

It can be seen from Table 3 that when the request is accepted by the bus arbitration
in the memory controller, the data of four consecutive words will be sent from the video
buffer to the FIFO storage area of the LCDCDMA . The total size of the FIFO storage area
is 24 words (12 words belong to FIFOL and 12 words belong to FIFOH, which are used
to support double scanning. In the single scanning mode, only one FIFO is available).The
S3C2440A supports TFT/STN type LCDs, but cannot be directly connected to LCDs.
It needs an interface board to drive LCDs.
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Table 3. LCD Display Connection Interface

Symbol explain function

VCLK Refresh clock Provide clock signal for data transmission

VLINE Horizontal synchronizing pulse Provide line signal, i.e. line frequency

WFRAME Frame synchronization signal The frame displays the effective control
signal, after the complete frame is
displayed

VM AC control voltage Change of polarity controls the display of
liquid crystal molecules

VDI[3:0] data line Data input, high 4-bit data input in double
scan

VDI[7:4] data line Data input, high 4-bit data input in double
scan

3 Software Design

3.1 Design Video Teaching Transmission Protocol Based on Streaming Media
Technology

The key technology of streaming media is streaming transmission.Streaming is widely
defined, and now it mainly refers to the technology of transmitting media (such as
video and audio) through the network.There are two ways to realize streaming transmis-
sion: sequential streaming transmission and real-time streaming transmission.Sequential
streaming is a sequential download. Users can watch online media while downloading
files. At a given time, users can only watch the downloaded part, not the first part that
has not been downloaded.The sequential streaming mode is suitable for high-quality
short fragments, which are placed on standard HTTP or FTP servers, easy to manage,
basically independent of firewalls, and does not need other special transmission proto-
cols. It is often called HTTP streaming.Sequential streaming is useful for publishing
short clips through modems, allowing video clips to be created at higher data rates than
modems.Despite the delay, it is possible to release high-quality video clips.However,
it is not suitable for videos, lectures, speeches and demonstrations with long clips and
random access requirements, nor does it support live broadcasting.

Real time streaming transmission is always real-time transmission, especially suit-
able for on-site events. It also supports random access. Users can fast forward or
backward to view the content in front or behind.It ensures that the bandwidth of the
media signal matches the network connection so that the media can be viewed in real
time.Theoretically, the real-time stream will never stop once played, but in fact, periodic
pause may occur.Real time streaming must match the connection bandwidth, which
means poor image quality when connecting at modem speed.Moreover, because the
information lost due to errors is ignored, the video quality will be poor when the network
is congested or there are problems.To ensure video quality, sequential streaming may
be better.In addition, real-time streaming transmission requires specific servers, such as



Research on English Online Video Teaching System 225

QuickTime Streaming Server. For the advantages of streaming media technology, this
paper designs an effective streaming media transmission protocol. The implementation
diagram of this protocol is shown in Fig. 4 below.

Audio and video
collection

'

Encoder server

|

storage

'

Streaming Server

end

Fig. 4. Schematic Diagram of Streaming Media Video Transmission Protocol Implementation

It can be seen from Fig. 4 that after encoding and compression, the original
audio/video stream is stored as a media file or directly transmitted to the streaming
media server, which transmits the live media stream (or media file) to the streaming
media player at the user’s request.In the middle of media transmission, proxy servers
can also be used to distribute or forward media content.The remote client can see the
video data as long as it logs in to the server using the streaming media player.

Real time Transport Protocol (RTP) is defined as a transport protocol for transmitting
real-time data such as audio, video and analog data.Originally designed for multicast of
data transmission, it is also used for unicast. Compared with the traditional transport layer
protocol that focuses on high reliability data transmission, it focuses more on the real-
time nature of data transmission.The services provided by this protocol include time
load identification, data sequence, time stamp, transmission control, etc.RTP usually
uses UDP to transmit data, but RTP can also work on other protocols such as TCP or
ATM.When the application starts -- RTP sessions, two ports will be used, one for RTP
and one for RTCP. RTP itself cannot provide a reliable transmission mechanism for
sequentially transmitting data packets, nor does it provide flow control or congestion
control. It relies on RTCP to provide these services, which can generate video teaching
resource combination u;, as shown in (1) below.

u; = pp — Pij (D

In formula (1), p represents the matching degree of video resources, and p;; repre-
sents the resource combination coefficient. Based on the above video teaching resources,
the operating occupancy rate u; can be estimated, as shown in (2) below.

us = u; ® otherwise — p; 2
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In formula (2), otherwise represents the occupancy rate of video resources after the
transaction ends, and p; represents the total occupancy rate of video resources. At this
point, the transmission utility u( of the video transmission protocol is shown in (3).

w=y pi—yp 3)

bew bew

In formula (3), p represents the scale set. Combining the transmission utility calcu-
lated above, the scale difference can be obtained to obtain the user node weight MR for
obtaining video teaching resources, as shown in (4) below.

MR = M\ (up + us + u;) “4)

In formula (4), M represents the number of user nodes, and different users have
different preferences. To effectively provide teaching services to them, it is necessary to
calculate the comprehensive satisfaction v, , as shown in (5) below.

1
V=W e —— 5)
MR (
In formula (5), wy represents the minimum standard for video resource transmission,
and resource synthesis can only be carried out after meeting the above satisfaction
standards. At this time, the resource synthesis scale bs is shown in (6).

c

bs = Z TEeWyi (6)

k=1

In formula (6), r; represents the transmission basis coefficient, and combined with
the resource comprehensive scale mentioned above, an effective transmission decision
variable Q can be generated, as shown in (7) below.

Q = max bsS; @)

In formula (7), S; represents the matching coefficient. According to the above deci-
sion variables, the streaming Media Transfer Protocol operation model LD can be
generated, as shown in (8) below.

LD = %wk e V\ug + us + u; ()
Combined with the above transport protocol operation model, traffic control and
congestion control can be carried out.Send some RTCP packets periodically between
RTP sessions to transmit monitoring quality of service and exchange session user infor-
mation and other functions.The RTCP packet contains statistics such as the number of
sent packets and the number of lost packets.Therefore, the server can use this informa-
tion to dynamically change the transmission rate, or even change the payload type.The
combination of RTP and RTCP can optimize the transmission efficiency with effective
feedback and minimal overhead, so it is particularly suitable for transmitting real-time
data on the network.
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3.2 Develop Core Streaming Media Online Teaching Program

The system is developed by Dreamweaver MX2004, combined with ASP technology to
generate dynamic web pages, to achieve remote management of the system and learn-
ers’ remote video learning. Dreamweaver MX2004 is a “what you see is what you get”
web page editing tool produced by Macromedia, which can be used to design, code
and develop web sites, web pages and web applications. ASP is the abbreviation of
Active Server Page, which is launched by Microsoft.ASP is not a pure technology, more
accurately, it is a server script environment in which users can realize dynamic inter-
active WEB page design.ASP script can be written together with HTML, VBScript,
JavaScript and other script languages, which greatly enriches and expands the functions
of ASP applications.ASP has the following four important features that make it very
versatile.ASP can include server-side script; ASP provides some Built in objects, which
can be used to receive and send information from the browser; ASP can be extended
with other elements. ASP itself is derived from a considerable number of standard server
ActiveX elements. These components allow pages to display different contents accord-
ing to browser capabilities, etc.;ASP can easily connect with the database. By using
some special object set ADO (Active Data Object), you can use SQL language in ASP.
The execution process of this program is shown in Fig. 5 below.

user browser HIML output

analysis engine

Scripting Engine

HTML engine

Activating
Components

Explanation
page

— I

< Select Results >

~— -

Fig. 5. ASP Program Execution Process

It can be seen from Fig. 5 that ASP provides five built-in objects: Application object:
an application level object, which is used to share information among all users and can
maintain data persistently during the running of the Web application.Request object:
The Web page (. htm file) used to connect the client and the server can obtain client
data or exchange data between them.Response object: used to send data from the server
to the client. It can be displayed in the client browser, redirected to browse the page,
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and created cookies on the client.This function is the opposite of that of the Request
object.Serve: Object: It is used to complete many advanced functions: it can create
instances of various Server objects, and provide methods and properties to access the
Web Server.Session object: it provides an identifier for each visitor. Session can be used
to store some preferences of visitors and track their habits.

Each page of the system is generated dynamically, and the displayed content of
the page is extracted from the database in real time.The system adopts ADO mode
for database connection and access.ADO (ActiveX Data Objects) is a database access
technology, which is actually a connection mechanism providing access to various data
types.ADO is designed as a very simple format, which is connected to the database
interface through ODBC.Users can use any ODBC data source, which is not only suitable
for database applications such as SQL Server 2000 and Oracle Access, but also suitable
for Excel tables, graphic files and unformatted data files.

3.3 Design English Online Video Teaching Function Module

The student module mainly introduces the seven function points of English proficiency
test, course appointment, course cancellation, course viewing, student class, card pur-
chase and recharge, and account management.The homepage of the website includes
various functions such as registration, login, online customer service, novice guide and
proficiency test for tourists to use. At the same time, the website will also post corre-
sponding announcement information about the company, news plate and other dynamic
information for tourists to understand the website and the services provided by the
company.

The English proficiency test function is used to test the level of students’ English pro-
ficiency, so that teachers can have a general understanding of students’ current English
learning, and facilitate teachers to provide students with corresponding curriculum pro-
grams.After students log in, they enter the evaluation system. At this time, the system
randomly selects test questions from the question bank. After students finish answering,
they submit their answers. After scoring, the system displays the results to students,
and saves the test results in student files.Teachers can view the test results of students
through the system and customize the learning scheme for students. The business flow
chart is shown in Fig. 6 below.

It can be seen from Fig. 6 that the function of course reservation depends on the
function of viewing the reservation schedule. After students view the teachers who can
be reserved in a certain day, they can click the teacher’s name to enter the detailed
schedule that can be reserved by the teacher that day. The space displaying the word
“reservation” in the schedule is the time when students can book courses, and students
can click to enter the reservation details,At the top of the timetable, there is a specific
introduction about the teacher for students to refer to.After logging in, students can view
the teachers who can make an appointment within their expected time, and then make an
appointment for courses.If the balance in the student account is insufficient, the system
will prompt the student, on the contrary, it will prompt that the appointment is successful,
and save the information in the student and teacher files.
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Fig. 6. Business Flow Chart

4 System Test

In order to verify the running performance of the designed English online video teaching
system based on streaming media technology, this paper builds a test platform, runs the
design system, and conducts system testing, as follows.

4.1 Test Preparation

From the perspective of application systems, testing generally includes functional testing
and performance testing.Function test is to test the functions required by the developed
application system one by one; The testing of web applications has its own characteristics.
In addition to the different contents of performance testing and function testing, it also
needs to test from the aspects of Ul and security.General web application testing includes
user interface, function, interface, compatibility, strength and security testing.

User interface test: referred to as Ul test, it tests whether the style of the user interface
meets customer requirements, whether the text is correct, whether the page is beautiful,
whether the combination of text and pictures is perfect, and whether the operation is
friendly.Function test: to test whether the function of the software system is correct,
which is based on the requirements documents, such as the Requirements Specifica-
tion.Since correctness is the most important quality factor of software, functional test-
ing is indispensable.Database test: in web application technology, database plays an
important role. Database provides space for the management, operation, query of web
application system and the realization of user’s request for data storage.In a web appli-
cation system that uses a database, two types of errors may occur in general, namely
data consistency errors and output errors.Data consistency errors are mainly caused by
incorrect form information submitted by users, while output errors are mainly caused by
network speed or program design problems. For these two cases, tests can be conducted
separately. The test environment built at this time is shown in Table 4 below.



230 Y. Ge and Y. Gao

Table 4. Test Environment

equipment

main parameter

explain

application server

processor IntelP87002, 53 GHz
Hard disk 2TB

Memory 8GB

network card 100\1000 M

operating system

Windows Server

processor Intel P§7002, 53 GHz
Hard disk 2TB
database server Memory 8 GB
network card 100\1000 M
data base SQL Server 2012

operating system

Windows Server2012

processor Intel P87002.53 GHz
Client computer Hard disk 1TB

Memory 4 GB

network card 100\1000 M

operating system Windows 10

It can be seen from Table 4 that subsequent system performance tests can be carried
out under the above preset test environment.

4.2 Test Results and Discussion

Under the above test environment, the system test can be carried out, that is, run the
English online video teaching system based on streaming media technology designed
in this paper, and record the operation effect of each functional module. The test results
are shown in Table 5 below.

Table 5 shows that all functional modules of the online English teaching system based
on streaming media technology designed in this paper have passed the test, proving that
the designed system has good performance, reliability and certain application value.

In order to further validate the teaching performance of the system in this paper, the
average final English score of 50 students in a class was used as an indicator to compare
and verify the system with the reference [7] system and the reference [8] system. The
average final grades of students under the three systems are shown in Table 6.

From the comparison results of average grades shown in Table 6, it can be seen
that the system in this article can improve students’ English learning performance, and
students’ average English scores are higher than the two comparison systems. Therefore,
it indicates that this system has high practical application value.
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Table 5. Test Results

process Expected test results test result

Log in to the network video teaching Successful login Test passed

system

Upload teaching video Display upload success Test passed

Select the video file to learn Prompt that the video is uploaded Test passed
successfully

Update resource description Update succeeded Test passed

information

Submit video resource modification Modified successfully Test passed

Select the client server and log in Login succeeded Test passed

Watch teaching resources Successfully opened the viewing Test passed
interface

Table 6. Student average score

Systems Score
This paper system 86.85
Reference [7] system 70.49
Reference [8] system 75.63

5 Conclusion

The so-called online learning refers to a series of learning processes in which students
watch the teacher’s online teaching live broadcast in real-time through a computer net-
work, or access the course related knowledge data previously released by the teacher.
The course related knowledge data mentioned in this learning process can be divided
into teaching videos, teaching plans, teaching documents, teaching test questions, etc.
Online course teaching in the network environment can improve the pertinence of teach-
ing and the sharing of teaching resources. Therefore, this article designs a new English
online video teaching system based on streaming media technology and conducts system
testing. The results show that the designed system has good performance, reliability, and
certain application value, making a certain contribution to improving the effectiveness
of English teaching. However, the issue of maximum user concurrency in the system
was not considered in this study. When there are too many students, further verification
is needed in future research to ensure the system can continue to operate stably.
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Abstract. In order to meet the needs of online education score calculation for
sports subjects, an online education video scoring system for sports subjects has
been designed and developed. The system uses an 80C51 microprocessor as the
core device, which uses not many data units and the system program occupies not
much space, which can save system space. Developing database programming
with Visual Basic 6.0 eliminates the need for users to master tedious operating
skills, which is beneficial for improving the simplicity of system operation. On the
basis of hardware design, optimize the software functional structure and complete
the design of online education video scoring system. The experimental results
confirm that the online educational video scoring system for sports disciplines
can better quickly and accurately score sports videos, and has certain reference
value.

Keywords: Sports Discipline - Online Education - Educational Video - Scoring
System

1 Introduction

In the process of sports practice at this stage, the timely, accurate and effective conver-
sion of sports scores measured in the process of sports testing into percent has certain
guiding significance for students’ performance evaluation, teaching and training. At this
stage, in the process of physical education teaching, manual scoring is basically adopted,
and a scoring table is used to find the original score of each item of physical education.
There is a certain deviation in this statistical process, which takes a long time and has
a large workload. Therefore, it is particularly important to study the application and
implementation of effective sports score video scoring system [1]. In the calculation
process of sports scores, teachers should change the manual calculation method in the
traditional calculation process, fully recognize the efficiency, accuracy and timeliness
characteristics of the sports education video scoring system, give a positive attitude to try
and accept the application of the sports education video scoring system in sports score
statistics. In addition, physical education teachers should also constantly improve their
ability to use computer related knowledge and skills while accepting the sports education
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video scoring system, overcome computer related knowledge and training difficulties,
and constantly learn the relevant knowledge and skills of the corresponding scoring
system, so as to improve the effectiveness of using the sports education video scoring
system to achieve high efficiency accurate and timely scoring. With the development of
times and technology, computers have gradually penetrated into the teaching process of
various disciplines at this stage. To some extent, online sports education video scoring
guides students to learn independently, helps students build an overall knowledge sys-
tem, changes the traditional teaching mode, integrates new teaching methods, and makes
teaching more mature and efficient. Physical education achievement is mainly an impor-
tant indicator to evaluate students’ physical education learning level. It is necessary to
publish the examination results timely, effectively and accurately after the examination.
The traditional manual calculation method takes a long time, lacks timeliness, and errors
often occur in the calculation process [2]. In the process of building the sports education
video scoring system, it can improve the timeliness, effectiveness and scientificity of
sports performance evaluation to a certain extent. It will carry out statistical analysis on
the needs of theory and skills, directly export the corresponding analysis table, so that
viewers can see clearly.

2 Optimization of System Hardware Configuration

The system uses 80C51 microprocessor as the core device.80C51 on-chip data memory
(RAM) space is 256B, address OOH-OFFH: on-chip program memory (ROM) space is
4KB, address 000HOFFH.The microcomputer score input system uses only a few data
units, and the space occupied by the system program is not large, so the RAM and
ROM in 80C51 chip are enough, and external data memory and program memory are
not needed. The hardware composition of the microcomputer fraction input device is as
follows: chip address latch 74L.S373 pieces of digital tube segment display driver chip
ULN2003AN, six Darlington tubes drive digital tube 6-bit display. 3-bit 3-inch high
brightness nixie tube and a small nixie tube display. Chip 825 programmable parallel 1/0
expansion interface [3]. (The microcomputer scoring input device has the functions of
input and display, and 8255 is used as the interface between keyboard and display). The
MAX?232 chip canrealize level conversion and drive. In order to make the system reliable
and prevent power interference and crash, a power filter watchdog reset circuit is added
in the hardware design. The camera equipment selected in the camera module includes
the sports teaching video decoding security PTZ. The decoding of sports teaching video
is shown in Table 1.

YA9045 PTZ is a built-in, all-weather environment PTZ, which can be hoisted or wall
mounted, with a double-layer cover design, prefabrication function and built-in digital
decoder. The video capture module mainly collects multi-channel video signals in real
time through the video capture card. The selected video capture card is AVZE1000X,
which can output, store, digitize and perform other operations including zooming, edit-
ing, etc. on the captured and captured pictures. The module diagram of the video capture
card is shown in Fig. 1.

In the interim, the embedded processor is selected as the processor module of the
system, and the selected model is Samsung SC23440A. The embedded processor has
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Table 1. Technical Parameters of Sports Teaching Video Decoding

235

number project date
1 model VC-7XXS
2 image sensor HAD Super 1/3 CCD
3 Photosensitive area (mm) 6.3 x 3.7
4 Effective pixels PAL: Horizontal * Vertical: 562 * 542
NTSC: Horizontal * Vertical: 678 * 498
5 Installation method of lens CS /A format
6 signal system NTSC/PAL
7 Auto iris lens DC/ VIDEO Servo type
8 White balance method White balance automatic tracking
9 minimum illumination 1.5 Ix
10 Signal-to-voice ratio > 10db
11 power supply AC 22V
12 Power consumption < 4.8W
13 Size (mm) 58*50*115
Video 1 #
Video source # Ape
selection ¢
Video processing| | \p a1
Video 2 $ o v
DAC
A 4
VGA
—= =

Fig. 1. Structure of Motion Video Capture Device

the characteristics of full static design, low power consumption, low cost, etc., which is
very suitable for application in the system. The specific technical data of the embedded
processor is shown in Table 2.

The design method of the average score display is basically the same as that of the
score input device. The system displays data sent from PC through communication with
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Table 2. Specific Technical Data of the Embedded Processor

Number project date

1 model SC33665A

2 structure CACHE

3 Peripheral Addressing Space Bytes 12G

4 Data and instruction capacity (KB) 32

5 dominant frequency (MHZ) 200

6 AMBABus interface bits 64

7 ARMlInstruction Set Bits 46

8 equipped Universal I/O interface (140)
clock generator (PLL)
External interrupt (24 channels)
Camera Interface

MCU. In this system, the display data is the data of one, ten, hundred and decimal places.
However, during system communication, the data of one and ten places are combined into
one byte data, and the data of one hundred places and decimal places are combined into
one byte unit data. To display specifically, BCD code is required to be separated, and the
actual display is rearranged according to the decimal place data. Therefore, the average
score display program includes display subprogram, data communication subprogram,
and display data processing subprogram. The average score display is used to display the
average score transmitted from the PC without keyboard or operator control. Therefore,
the design structure of the system software can choose the job sequence scheduling type.
There are not many data buffers required in the average score display system, but three
display buffers and two data receiving buffers are defined at the high end of the RAM
address. The stack is still set at the 60H unit [4].

3 Database Design of Online Education Video Scoring System

The design of database in the system is a very important part of the application system,
and the establishment of a suitable database is critical to the maintenance and use of the
system. The scoring record statistics system only uses one table, so it adopts the form
of free table, which is conducive to the synthesis and statistics of scores. The data table
is named pingdata. The database structure is shown in Table 3:

It can be seen from the table structure of the database that most fields are of character
type. The reason for this definition is that it is convenient to query and operate the database
using SQL statements [S]. The serial port of the computer is used for communication
between the decoder and the application program to realize the control of the lens and
the PTZ. The communication protocol of the video scoring monitoring control module
is as follows:
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Table 3. Database Result Table

Field Number Field Name Field type weight illustrate

1 Csh character 8 Number

2 Xm character 10 Name

3 Fz character 6 Sports Zub

4 Cj2 character 6 Teacher grading

5 Sex character 8 Action rating

6 Address character 12 average

7 school character 12 Comprehensive score

(1) The baud rate is 9.7BPS/22.085 crystal oscillator.

(2) A frame uses 10 bits together, and the number of start bits is 1; The number of data
bits is 8;The number of stop bits is 1, and there is no check bit.

(3) The interface standard is RS845.

(4) The format that the computer sends the serial port instruction is control code+address
code, in which the control code has a total of 16 bits and 2 bytes, which are represented
by hexadecimal binary data; The address code has a total of 32 bits and 4 bytes, which
are also represented by hexadecimal binary data. The instructions sent by the computer
to the serial port instructions are shown in Table 4, and the returned information is
represented by the status code+address code.

Table 4. Commands sent by the system to serial port commands

Code describe Code describe

0149 Control the magnification of the camera | 0140 Stop pan tilt scanning
lens

014A Control the reduction of camera lens 0141 Upward pan tilt action
magnification

014B Patrol through PTZ 0142 Downward pan tilt action

013A Control query does not exist 0143 Increasing focal length

013B Stop camera action and pan tilt action 0144 Defocus

The score uses character data for data security. If the score is defined as numerical
type, the initial value of the score is 0.00. In order to ensure the security of the data,
the system stipulates that if there is already data in the position to be modified in the
database, the original data must be deleted by authorization before it can be re entered
by the single-chip score input device. The standard for deleting data is that the original
data is empty characters. Therefore, the types of these score data are also set to character
type. When performing arithmetic operations on the score data, the conversion functions
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Strtofloat() and FloatTostr() in Delphi can be used. The scoring system defines sub
elements and scoring criteria for each element. It is divided into two sub elements: one
is the proportion of 13.333% of the score in the level of action technology, and the other is
the proportion of 13.333% of the score in the level of diversity of action elements. Make
progress in interpreting its various elements, so as to calculate the single factor variance
value. Assume that the characteristic index of the original data is ¢, the commonness of
information is B, and the difference of information is . Combine the weighted TOPSIS
method to calculate the single factor variance of teaching information. The specific
algorithm is as follows:

o
AF=———F=—1 1

x—~/B W

Combining the above algorithm, further analyze the characteristics of the original

information category, and statistically calculate the difference value d in the quality

indicators of different categories of teaching information. Furthermore, use factor anal-

ysis and cluster analysis principles to iteratively process the average R of information

management evaluation indicators, and record the teaching management indicators as A,

B, C, D, E five levels. Based on this, Standardize the evaluation parameters of teaching
management at different levels, with specific algorithms as follows:

(A—-B—~>C—D—E)
level(A — E) =d x 2)
AF +R

Based on the above algorithm, the weights of evaluation indicators for online sports
education videos in China are set uniformly, and different registered indicators are stan-
dardized, so that the quality of online sports education videos can be accurately evaluated
later. From the scoring elements of physical fitness, it can be seen that the competi-
tion has very high requirements for the physical fitness of participants: strength, speed,
endurance, coordination, flexibility Sensitivity and other qualities are very important. It
is particularly critical for competitors to effectively use their physiological advantages,
upgrade their physiological advantages to a higher level of ability, and turn their disad-
vantages into advantages [6]. The scoring system makes the evaluation results of sports
events a relatively objective evaluation. It is a scoring system that allows the referee to
judge the contestants with a more rational attitude. Although there are many indicators
in the scoring system, it is not a one size fits all evaluation, but a more comprehensive
and objective evaluation of the contestants, providing new ideas for sports teaching and

promoting the development of sports teaching [7].

4 Software Function Design of Online Education Video Scoring
System

The system runs under the Windows operating system. With VVisBasic6.0 as the pro-
gramming tool, it is an information analysis and processing tool that integrates multiple
functions such as data tables and databases. The sports education video scoring system
includes student data entry, information entry and competition performance manage-
ment. The system can not only query and print the results through the computer, but also
timely release the results of the game through automatic voice play, LED large screen
display, Web publishing and other forms. See Fig. 2 for system function module.
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Fig. 2. Structure optimization of system function module

The system is programmed with Visual basic 6.0 and runs on the Windows operating
system. It is a graphical user interface application software supported by the fully object-
oriented programming concept. It is also the first set of application software used to
calculate the results of figure skating competitions in China. To some extent, it reflects
the level of competition performance statistics. The system adopts the object-oriented
programming method and has the typical style of Windows application program [8].
Users do not need to memorize any code and master tedious operation skills. As long
as they are familiar with Windows, they can carry out actual operation after a few
minutes. The system can closely monitor the operation and operation. According to the
operation status and the competition process, error proofing programs are set in good
time. Once the operation is wrong, the system will immediately “sound” and display
error prompt information. The system can also automatically save the data in the current
operating environment, and even in the event of power failure and other unexpected
circumstances, it can recover to the state before the accident after restarting. Based
on the above collection mode, the collected common characteristic data and difference
characteristic data are described and explained, and the original data is compared and
tested. To ensure the accuracy of the evaluation results, the information management
characteristic parameters are collected, and the specific collection steps are as follows
(Fig. 3):

The scoring results will be further recorded and analyzed. In order to ensure the
accuracy of the analysis, different feature categories will be recorded as f (i), f (j), f (x),
fO), f(n), f(z) and f (m) for subsequent calculation and analysis. Based on the above
content, further optimize the evaluation method of educational informatization manage-
ment quality. In order to ensure the effectiveness and reliability of the evaluation of
higher education informatization management quality, it is necessary to further define
teaching information, student information, campus information, etc. in order to evaluate
information accurately. Due to the huge amount of information, online sports education
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Fig. 3. Video scoring feature information acquisition steps

evaluation is relatively complex, which needs to be defined from different perspectives.
Based on this, it is necessary to further improve and adhere to the principles of sports edu-
cation video evaluation: complex, connotative, personalized, academic, democratic and
innovative. This further carries out a comprehensive analysis on the standard indicators
of teaching informatization management quality judgment, and carries out a consistency
test on the structural and independent characteristics of physical education video scor-
ing indicators [9]. Combined with the analytic hierarchy process, professional, objective
and overall calculation and evaluation are carried out, and the relative importance values
of teaching evaluation indicators are given, and the characteristic values are analyzed
consistently. The numerical matrix of the relative importance of students’ evaluation

indicators is:

1
level(A), —
evel(A), x
level(B), 2,

—
e

Ry level(C), 1,
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The maximum characteristic value can be calculated through the above algorithm,
which is recorded as: Apyin=3.154, the average value is:

Cl = AF [ ] Gunin = R/K — 1 @)
Among them, K is a consistency index, its randomness ratio algorithm is:
CR = CI} — Amin /RI (5)

If in the calculation process, the weight value of students’ teaching evaluation is:
s = (0.1219, 0.1835, 0.4862, 0.2084)
Then further standardize the student evaluation matrix, as follows:
A:1,0,1,0,0,0,1,0,1
B:0,1,2,1,2,0,1,2,1
r=43C6:1,2,0,1,2,1,0,2,1 ©6)
D:0,2,1,2,0,2,0,1,1
E:1,2,0,0,1,2,1,0,2
If the teacher’s teaching attitude can be recorded as U,, with a consistency
ratio of 1:0.328, then the weight of the teaching attitude can be recorded as m =

(0.124, 0.232, 0.187). Further select the average weighted value M and combine it with
fuzzy algorithm to calculate the first level evaluation model. The specific algorithm is:

W:U,,ZCI—R]*S

(7N
N =0328> CR—rm
Further standardize the secondary evaluation model, as follows:
C=3 tmin(W—N)/2 (8)

Assuming that during the teaching process, the difference in teaching effectiveness
before and after is O; But in reality, there are certain cross differences before and after
the teaching ends. On the basis of this hypothesis, hypothesis testing is conducted on
the teaching difference parameters, and a calculation method is set based on data mining
and Analytic Hierarchy Process principles. p is set as the influence parameter of sports
education video scoring. If |p|>¢ is set, it indicates that the teaching effectiveness
evaluation is poor; On the contrary, if |p|<g, it indicates that the teaching evaluation
effect is good. Then, starting from the zero hypothesis, we use the Proof by contradiction
method for reasoning. If the difference before and after teaching is ¢ > 1, it will be
recorded as x, indicating that it is a factor with high influence value. If ¢ < 1, it will be
recorded as 1 — x, indicating that it is a factor with low influence value. On this basis, we
conduct a unified evaluation and analysis of the learning effect of the training objects,
and we can get the following algorithm for the influence parameter of physical education
video scoring:

P=9)si+P1+9)sy w)Y2+(P1+<ﬂ)V 1 1
- 4 ¥
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where, 7 represents the average difference of teaching effect test samples before and after
evaluation, s is the standard parameter value of the teaching scoring effect of physical
education, m is the maximum influence degree, n is the minimum influence degree.
Through the above algorithm, we can calculate the influencing parameters of different
influencing factors on the teaching scoring effect of physical education, and evaluate
the influencing factors of teaching effect according to the influencing parameters. In
order to better evaluate the influencing factors of the effect, the scoring effect statistics
is carried out in combination with the network platform. Mining and integrating the
marketing value and influence degree of teaching content under the condition of big
data, and conducting online evaluation on sports education video scores according to the
integration results, so as to timely and effectively collect the characteristics of students’
learning behavior, and retain the collected data: learning duration, online number of
people, learning progress, examination results, etc. And input the obtained data into
the knowledge inventory storage system, and set set evaluation rules to evaluate the
influencing factors of teaching effect [10]. Set up L = (Q, R, T) is the evaluation value

of an information, & = {ay, az, - - - , an} is the reference coefficient in the evaluation
rules, then:
~C, {level(A — E)}
Ea<V — L& (10)
H(E) — Hy(E)

Among them, H(E) is the associated influence value, H,(E) it is a reference
parameter for data evaluation.Then the impact assessment parameters between a and
E are:

S Ha(E)
RHE(a) = Ea ZVH(E) c (11)

If RHg (a) is less than or equal to zero, the hypothesis is not tenable, which indicates
that the evaluation results of the factors affecting teaching effectiveness are effective,
otherwise, it indicates that the evaluation results are uncertain and need further opti-
mization. In the sports education video scoring system, the operation page is simple,
highly operable and intuitive. The page mainly includes the corresponding list import
link, score input link, score query link and score statistics link. In the list import link,
students’ names, learning, classes, teachers, sports class hours and other information
are counted in the form of EXCEI. Have certain comprehensiveness and accuracy; In
the score input link, statistics are mainly made for each sports item in the process of
physical education teaching, such as standing long jump, special event, theory, process
score and usual score. Among them, standing long jump accounts for 10%, theoretical
knowledge mastery accounts for 20%, special event accounts for 40%, and process score
accounts for 10%. The peacetime percentage is 10%, and each item shall be statistically
calculated based on 100 points. The score inquiry link is mainly based on the input of
student number and name to accurately obtain students’ individual exam scores, which
is fast and accurate. The last part is the link of score statistics, which is mainly aimed at
the statistics of students’ peacetime scores, final scores, overall evaluation scores, tech-
nical achievement statistics, theoretical scores, etc., and the number of test scores, the
lowest score, the highest score, the number of people, the average score and other ratios



Online Educational Video Scoring System for Physical Education 243

in the process of students’ examination, so as to facilitate teachers to better statistics
of sports and physical education video scores and teaching levels. The application of
video scoring system of physical education can reduce the workload of physical educa-
tion teachers to a certain extent, improve the accuracy of statistical scores of physical
education teachers, and has a certain advantage of timeliness.

On the basis of the above software and hardware design, the overall design of an
online education video scoring system for sports subjects has been completed. The
following is a schematic diagram of the login interface of the system.

Online scoring system

Signin

Jn U
DO E

Fig. 4. System Login Interface

As shown in Fig. 4, users only need to have an account and password to log in, and
the system has good privacy.

5 System Test

Build an experimental environment to test the online education video scoring system
for sports disciplines. The simulation tool used in the experiment is matlab 7.0. Use the
moving target detection digital video capture equipment to conduct a digital video scoring
experiment on a place with moving targets, and compare the traditional scoring system
based on remote control technology and the scoring system based on image coding
processing technology in the same experimental environment. The specific experimental
environment is shown in Table 5.

Based on the above environment, the digital video sampling frame rate data and signal
fluctuation data of moving objects are obtained as experimental data. In order to enhance
the contrast of the experimental results, the traditional scoring system based on remote
control technology and the scoring system based on image coding processing technology
are used as the comparison system in the experiment. The two digital video dynamic
scoring systems are also used to conduct digital video scoring in the experimental place,
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Table 5. Built Experimental Environment

Number | Experimental environment configuration | project date

1 hardware configuration CPU intel core i8 9800
Memory 32GB
Hard disk wdf-069T

Graphics card GV-N0903GAMING
Number of hosts | 6

2 software configuration operating system | Win7
Embedded system | LINUX

and the sampled frame rate data and signal fluctuation data of the two systems are
obtained as the comparison experimental data,The experimental data were recorded and
compared.

In the case of different moving time of moving objects, the sampling frame rate
comparison experimental data of the online education video scoring system for sports
disciplines, the scoring system based on remote control technology and the scoring
system based on image coding processing technology proposed in this paper are shown
in Table 6.

According to the comparative experimental data of the sampling frame rate in Table 6,
the sampling frame rate of the online education video scoring system for sports disci-
plines proposed in this paper is higher than the sampling frame rate of the system based
on remote control technology scoring and the scoring system based on image coding
processing technology, when the moving time of the moving target is different. The great
improvement in the video sampling frame rate helps to make more clear and accurate
scoring decisions. The higher the sampling frame rate, the closer the scoring will be to
the standard.

The experimental data of signal fluctuation comparison between the online education
video scoring system oriented to physical education, the scoring system based on remote
control technology and the scoring system based on image coding processing technology
is shown in Fig. 5.

In the figure, A is the online education video scoring system for sports discipline
proposed in this paper, B is the scoring system based on remote control technology, and
C is the scoring system based on image coding processing technology. The lighter the
color in the figure, the smaller the impact of interference on the system score. According
to the signal fluctuation comparison experimental data, as shown in Fig. 6, under the
interference environment, the online education video scoring system for sports discipline
proposed in this paper, B is a system based on remote control technology scoring. The
digital video dynamic monitoring system based on motion target detection has a lower
signal fluctuation frequency and is more stable. Finally, the accuracy of the system
scoring is compared. The scoring accuracy of the three systems is compared based on
the on-site scoring of 10 expert teachers. The specific results are shown in the following
table (Table 7):
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Table 6. Experimental data of sampling frame rate comparison

Target Movement Time | Sampling frame rate (frames/s)

() This article system | A Scoring System A scoring system
Based on Image based on remote
Coding Processing | control technology
Technology

0 86 42 38

5 88 43 38

10 89 44 37

15 91 48 36

20 89 41 36

25 97 40 36

30 92 39 35

35 91 42 38

40 91 40 32

45 93 38 37

50 88 37 30

55 88 40 29

60 87 40 35

Table 7. Comparison and Analysis of Video Scoring Results of Three Systems

Video frequency | Expert scoring | This article | A Scoring System | A scoring system

(min) (average score) | system Based on Image based on remote
Coding Processing | control technology
Technology

15 88.45 88.33 85.46 82.46

30 91.26 91.45 89.33 86.39

45 73.58 73.89 80.12 70.56

60 90.44 90.89 86.44 87.23

75 96.34 96.34 88.12 86.43

90 87.23 87.65 80.56 82.12

Based on the above comparison results, it can be seen that the highest scoring value
of the designed system in this article reaches 96.34, which is significantly higher than
the scoring system based on remote control technology and image encoding processing
technology. The online education video scoring system proposed in this article for the
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Fig. 5. Signal fluctuation comparison experimental data

discipline of physical education has high stability and accuracy in practical application,
and repeatedly meets the design requirements.

In order to further verify the performance of the system designed in this article, the
system response time was used as a testing indicator to compare the application effects
of the three systems mentioned above. The results are shown in Table 8.

Table 8. System Response Time Test Results/s

Number of This article system A Scoring System A scoring system

experiments/time Based on Image based on remote
Coding Processing control technology
Technology

10 1.23 2.30 1.97

20 2.05 297 2.48

30 241 3.56 3.07

40 2.59 4.02 3.99

50 2.87 4.28 4.52

From the data in Table 8, it can be seen that the minimum response time of the
designed system in this article is 1.23 s, while the response time of the other two systems
is higher than that of the designed system, indicating that the application effect of the
system in this article is better.



Online Educational Video Scoring System for Physical Education 247
6 Conclusion

This article has optimized the design of an online education video scoring system for the
physical education discipline. According to the experimental results, the lowest response
time of the system designed in this article is only 1.23s, and the highest scoring value
reaches 96.34. This indicates that the application effect of the system is good and good
results have been achieved. This is because the system uses an 80C51 microproces-
sor as the core device and uses Visual Basic 6.0 to develop database programming.
This not only saves system space, but also helps to improve the simplicity of system
operation. However, in the application of sports score statistics for physical education
video scoring system, teachers should also enhance the security, reliability and stability
of data by setting worksheet protection password and cell protection password. In the
process of statistics of online education video scoring system for physical education
disciplines, teachers should also realize the statistics of list import link, score input link,
score query link and score statistics link by implementing the transformation of tradi-
tional calculation methods and calculation concepts of physical education scores and the
application process of physical education scores in the sports education video scoring
system, improve the effectiveness, timeliness and accuracy of sports score statistics.
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project initiated by Guangdong Provincial Private Education Association: “Research on prac-
tical teaching of integrating outward bound training into public physical education in private
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Abstract. In order to provide auxiliary tools for ERP sandbox simulation course
teaching, an online network multi-module teaching system was designed and
developed. The system database is constructed from conceptual models, logi-
cal structures, physical structures, and other aspects to provide storage space for
the operational data of the teaching system. In terms of system software, user role
division and authorization modules are used to determine the permissions of users
in the system. By determining the course arrangement of the ERP sand table simu-
lation course, simulating the role of enterprise operation participation, simulating
the ERP sand table business process, and enterprise evaluation, the online teaching
module of the ERP sand table simulation course has been designed. By designing
and connecting the online network interaction module, network resource query
module, and teaching evaluation module, the system software functionality has
been completed. Through system testing experiments, it has been concluded that
compared to traditional teaching systems, the module teaching cases of the opti-
mized design system have a higher success rate in operation and a 29 s reduction in
operation delay, proving that the optimized design system has obvious advantages
in functional operation, performance operation, and application performance.

Keywords: ERP Sand Table Simulation Course - Online Network - Multi
Module Teaching System

1 Introduction

ERP, Enterprise Resources Plan, is MRP II Next generation manufacturing system and
resource planning software. ERP, in addition to production resource planning, manu-
facturing, finance, sales, procurement and other functions, also includes Quality Assur-
ance, laboratory management, operation flow Administration, product data management,
inventory, distribution and transportation management, Human Resources Management
and periodic report System. The meaning of ERP in China has been expanded. All
kinds of software used in enterprises have been included in the category of ERP [1].
It breaks away from tradition Enterprise boundary, optimize from the scope of supply
chain. Enterprise resources is based on internet economy, the new generation of infor-
mation system of the era. It is mainly used to improve enterprise business processes
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to improve Enterprise core competitiveness. Enterprise resources Planning is a man-
agement platform based on information technology and systematic management ideas,
which provides decision-making and operation means for enterprise decision makers
and employees. ERP System support discrete, process type and other mixed manufac-
turing environments, scope of application. The ERP sandbox simulation course focuses
on cultivating students’ ability to apply ERP systems in real scenarios. The online net-
work multi module teaching system can provide a virtual practice environment, allowing
students to learn and practice real ERP system applications in simulated enterprise opera-
tions, thereby better mastering relevant knowledge and skills. It can enhance interactivity
and collaboration, provide personalized learning support, monitor and evaluate students’
learning situation in real-time, and provide flexible learning methods. These characteris-
tics make the teaching system important and necessary in cultivating students’ practical
operational abilities, promoting student interaction and cooperation, and providing per-
sonalized learning support. From manufacturing to retail, service banking, telecommu-
nication industry, government agencies, schools and other public institutions, through
integration database technology, graphical user interface, the fourth generation query
language, client server structure, computer-aided development tool, portable open sys-
tem, so as to effectively integrate enterprise resources. ERP sand table simulation course
is set up for the professional ability, collaboration ability, hands-on ability and innovation
and entrepreneurship ability of students majoring in economics and management. ERP
sand table simulation course is a professional course of economics and management in
higher vocational colleges, a comprehensive course integrating theory and practice, and
an important teaching method in innovation and entrepreneurship education.

This course is mainly based on manufacturing enterprises. Students can simulate a set
of systematic processes of enterprise operation by playing the roles of general manager,
financial director, production director, procurement director, sales director, etc. Through
the study of this course, students can learn about enterprises in an all-round way, and
carry out business innovation, technological innovation, concept innovation, strategic
innovation, etc. in the process of active participation and interaction. In order to improve
the teaching effect of ERP sand table simulation course and break the limitations of
course teaching in time and space, an online network multi module teaching system for
ERP sand table simulation course was designed and developed.

Under the guidance of certain teaching theories and ideas, online network teaching
has many applications media and network technique. It is a kind of teaching mode to
achieve teaching goals through multi-lateral and multi-directional interaction among
teachers, students, media and the collection, transmission, processing and sharing of
teaching information in multiple media. The online network multi module teaching
system refers to teachers and students. Joint participation aimed at achieving Teaching
objectives, Activities for system. From the current research situation of the teaching
system, the more mature teaching systems include: the teaching system based on the
project teaching method, the teaching system based on the auxiliary teaching mode,
and the teaching system based on the hierarchical teaching theory. However, the above
teaching systems are mainly targeted at computer professional courses, and are applied
to the teaching of ERP sand table simulation courses. There are obvious problems such
as poor teaching quality and poor system performance.
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In order to address the issues of poor teaching quality and system performance in
the aforementioned transmission teaching system, the ERP sandbox simulation course
was taken as the research object and a multi-module teaching approach was adopted
to optimize the online network teaching system. This system has designed and devel-
oped an online network multi module teaching system, providing auxiliary tools for
ERP sandbox simulation course teaching. The system achieves the storage of teaching
system data, user permission management, and online teaching functions by construct-
ing a database, determining user permissions, and designing online teaching modules.
Compared with traditional teaching systems, the optimized design system has achieved
significant improvements in operation success rate, operation delay, and student per-
formance. This innovation makes the ERP sandbox simulation course teaching more
convenient and efficient, and improves students’ learning experience and performance.

2 Database Design of Online Network Multi Module Teaching
System

Database is a warehouse that organizes, stores and manages data according to data
structure computer. A collection of large amounts of internal, organized, shareable, and
uniformly managed data. In the optimized design of ERP sand table simulation course
online network multi module teaching system, the database can provide storage space for
ERP sand table simulation course resources, and can also store real-time data generated
during the operation of the teaching system. In order to ensure the normal operation of
the database, the redesign of the database should follow the principles of practicality,
advancement, scalability and security, of which the security principle mainly refers to
that when designing the database, the confidential data should be the center, and the
authority of each user should be taken into account, and the level should be limited at the
same time; The database shall be maintained during infrequent use, and management
tools shall be provided to back up the data in the system on a regular basis, so as to
prevent the data from being lost. The database shall be able to recover automatically after
being damaged [2]. This ERP sand table simulation course online network multi module
teaching system database is carried out from the conceptual model, logical structure,
physical structure and other aspects. Based on the analysis of the system’s needs, the
database is designed for conceptual structure, needs are synthesized, summarized and
abstracted, and an E-R diagram is designed. The design result of the E-R diagram of the
teaching system is shown in Fig. 1.

According to the E-R diagram, the logical structure of the database is designed, and
several database tables are constructed according to the characteristics of the system
operation. The system database table can be roughly divided into three aspects: basic
information table, core business table, and system parameter table. The ERP sand table
in the core business table is used to simulate the construction results of the course
information database table, as shown in Table 1.
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Fig. 1. E-R Diagram of Multi module Teaching System Database

Table 1. ERP sand table simulation course information database

Field Name Field Description data type | Storage length | Is it empty
Curriculum_id Course No Int 10 no
Curriculum_Name Course name Varchar |50 no
Curriculum_OpeningTime | Opening time Varchar |20 no
Curriculum_url Course running address | Varchar | 100 yes
Curriculum_imageUrl Course cover address Varchar | 100 no
Curriculum_teacherld Teacher No Varchar | 100 no
Curriculum_Description Content introduction Varchar | 250 yes

The construction results of other database tables in the system database can be
obtained according to the above methods. In order to ensure the security of the database,
effective control needs to be carried out through the database role. When the server
is successfully accessed by the user, the user name [3] required is generally queried
through the corresponding database role on the server. If the user information is found
in the corresponding database role, the user can access the corresponding database name
and related dataset list. However, this user can only view related data tables that have
been assigned database roles. If the required user name cannot be found in the database
role, the user cannot access or query any object on the server. In the process of system
operation, real-time data will be generated, so the data in the database needs to be updated
according to the operation of the system to facilitate the storage and reading of all data
resources in the database.
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3 Software Function Design of Online Network Multi Module
Teaching System

With the support of the system database, the software functions of the system are opti-
mized by using the multi module teaching method.Through user role division, ERP sand
table simulation course implementation, teaching resource sharing and retrieval, teach-
ing process synchronization and other modules, the teaching function of the system is
realized.

3.1 User Role Division and Authorization Module

Users in the system can be divided into three types: administrator, teacher and student.
Set an administrator account in the system. This role is set manually. Only the system
administrator can access the system background, and other users are prohibited from
accessing. During system initialization, the system administrator can create a new user
for the experimental instructor, modify the instructor’s user password, and delete the
user. The new user created has all permissions except the system management module.
The teacher role has the authority of student information management, course opening,
question reply, etc., while the student user has the authority of personal information
management, resource retrieval, resource download, ERP enterprise role simulation,
etc. In order to prevent illegal access to the system, the default user of the system must
be aregistered student. Before starting the teaching of ERP sand table simulation course,
the student must, according to his/her student ID. The system can only be used after the
name and other information are registered as official users of the system, which also
provides guarantee for the safe operation of the system [4]. To facilitate the system’s
management of users, user information is recorded in the form of Formula 1.

u={b, x,w} (1

Variables in Formula 1 b, x and @ They correspond to the user name, user type,
and user permission. Quantify all users in the system according to formula 1 and input
them into the system database.Teachers can make preparations for courses on the sys-
tem, such as making courseware, writing teaching plans, building relevant curriculum
resources and test question database, and uploading reviewed multimedia video, audio,
pictures, text and other material resources; Teachers can also prepare lessons for tra-
ditional teaching, assign and wholesale homework, and provide synchronous or asyn-
chronous tutoring to students through the network through this platform. Students can
understand, preview, study and review courses under the system, complete online home-
work provided by teachers, complete online tests of units and courses, use the network
to help online, and communicate with teachers or classmates online. The administrator
can manage users and resources on this platform, understand teachers’ teaching and
guidance as well as students’ comprehensive learning situation, and master students’
learning effects through online examinations, online feedback and other forms.
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3.2 Online Teaching Module of ERP Sand Table Simulation Course

The course teaching function is the core part of network teaching, which serves as abridge
between teachers, students and system administrators. Teachers design teaching courses
according to teaching objectives, develop corresponding courseware, create correspond-
ing courses and determine teaching plans by analyzing students’ learning characteristics.
After the course is created, you can properly select some related resources to add to the
course. This teaching resource is not optional, but should be closely related to the cur-
riculum, and it is necessary to explain, introduce and supplement the specific curriculum
content. The curriculum teaching management in the design system mainly includes cur-
riculum management, teaching management, teaching materials, homework and exam-
ination, teacher-student interaction and other related functions. Students can solve their
own problems by inquiring about the course introduction, selecting the teaching course
suitable for them, improving their learning ability, and meeting course problems directly
through the interactive program between teachers and students, and sending an email
to the teaching mailbox [5]. The teacher is the organizer and implementer of the online
teaching process. The whole process of online teaching starts with the establishment
of a course for a certain teaching, and has supplemented and explained the relevant
materials and data, making the course more rich and interesting, and then providing it
to students for learning and downloading, students actively study and explore according
to the online teaching of teachers. In addition, the course created by the teacher is also
the basis of all the follow-up links of online teaching. It should be classified according
to the relevant information of the course to provide greater convenience for students to
download and search.

3.2.1 Determine the ERP Sand Table Simulation Course Schedule

ERP sand table simulation course consists of five parts: sand table teaching aids, course
design, teaching subject, ERP sand table simulation course software and ERP sand table
simulation learning guide. ERP sand table teaching takes a set of sand table teaching aids
as the carrier. The sand table teaching aids mainly include sand table surface, various
logos and other parts. The sand table surface is divided into functional centers according
to the functional departments of manufacturing enterprises, including marketing and
planning center, production center, logistics center and financial center. Each functional
center covers all the key links of enterprise operation: strategic planning, marketing,
production organization, procurement management, inventory management, financial
management, etc. It is the epitome of a manufacturing enterprise [6]. Figure 2 shows the
construction result of the sand table surface.

The ERP sand table simulation course is divided into six stages: organization prepa-
ration, basic situation description, market rules and enterprise operation rules, initial state
setting, enterprise operation competition simulation, and on-site case analysis. Among
them, organizational preparation is the first step of the ERP sand table simulation course.
The first step is to group students into groups. Each group is usually 5—-6 people, including
CEO, Marketing Director, Business Director, Purchasing Director, Financial Director,
etc.; From this, 6 to 8 competitive simulation enterprises are formed. On this basis, it
is necessary to explain the basic situation of the enterprises with the same conditions
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Fig. 2. ERP Sand Table Construction Results

that each simulation enterprise is ready to take over, including shareholders’ expecta-
tions, the current financial situation of the enterprise, market share, products, production
facilities, profitability, etc. In addition, enterprise operation competition simulation is
the main part of ERP sand table simulation course, which is carried out according to the
enterprise operation year. At the beginning of each year, according to the market fore-
cast data, make a forecast on the overall demand, unit price and development trend of
each product in the relevant market, and determine the enterprise strategy and business
strategy. The forecast formula of demand and unit price is as follows:

W = Wy + nw At

2
P =po + npAt

In the above formula Wy and po They are the demand quantity and unit price of
the current enterprise’s products, At Is the forecast time, nw and 7, It corresponds to
the change rate of demand quantity and unit price.Under the leadership of the CEO,
we carried out business activities throughout the year in accordance with market rules
and business operation rules [7]. Field case analysis is an important part of the sand
table simulation course. According to the annual business results, enterprise managers
should analyze the success and failure of their own enterprises, investigate the situation
of competitors, and make necessary adjustments to the enterprise strategy. The teacher
combines the overall situation of the classroom, finds out the problems that everyone is
confused about, and analyzes the typical cases that appear on the scene. With the support
of the ERP sandbox simulation course software and the ERP sandbox simulation learning
guide, determine the implementation process of the ERP sandbox simulation course, as
shown in Fig. 3.

Thus, the implementation process of ERP sand table simulation course is arranged.

3.2.2 Role Simulation of Enterprise Operation Participation

When students form a group to operate an enterprise, they need to serve as CEO of
the general manager of the enterprise, CMO of the marketing director, COO of the
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production director, CFO of the financial director, CLO of the logistics director, CIO
of the information director, HR of human resources management and other positions,
register users according to different identities, and operate different enterprise function

modules.Table 2 shows the setting of enterprise operation participation roles.

Table 2. Roles of Enterprise Operation Participation

Enterprise management
participates in teaching

Operation Center

Operation permission content

general manager

CEO cockpit

Decision making

Chief Financial Officer

Enterprise Decision Query

Loan, A/R and A/P
management, report query

Marketing Director

Business Settlement Center

Product quotation, bidding,
delivery

Logistics Director

Marketing Center

Purchase and transfer of raw
materials

Production Director

Purchase and Production
Center

Raw material procurement and
product production

Product Director

Purchase and Production
Center

Product design and R&D

HR Director

Product R&D Center

Human Resources Management
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The general manager can preside over the annual work plan and summary meeting;
Assist the Chief Financial Officer to make financing decisions according to the com-
pany’s needs and the information provided by the Chief Information Officer; According
to the annual task list, guide the heads of functional departments to complete the work
in the year on time; According to the results of financial analysis, point out the problems
existing in the company’s operation and propose improvement measures; Be responsible
for the implementation of job rotation. The chief financial officer’s main responsibilities
include: preparing the detailed statement of comprehensive expenses; Annual financial
statements, including preparation of balance sheet and annual profit statement; Formu-
late the dividend distribution plan for shareholders. Similarly, we can get the simulation
results of the role of enterprise management participation.

3.2.3 ERP Sandbox Business Process Simulation

Take the role of CFO in ERP sandbox as an example to simulate the ERP sandbox
business process [8]. The financial part of ERP sand table business is divided into two
parts: accounting and financial management. Accounting mainly records, calculates,
reflects and analyzes the capital in the enterprise economic activity. The simulation
result of enterprise economic general ledger is:

Mledger = Mincome — Mpay + My + Mfixed assets 3

Variables in Formula 3 Mincome, Mpay, Mx and Mfixed assets They respectively represent
the income amount, expenditure amount, cash and fixed assets of the enterprise. Where
variable Mincome and Mpay. The calculation formula of is as follows:

Mincome = Mpin + Mbiis due + Morder

“)
M, pay — Material + Mcheck + Mother

among M1, Mbills due and Mrger Invoices, arrears and order payments, Mmaerial; Mcheck
and Mymer The corresponding costs are production material costs, operation and manage-
ment costs and other costs. Substitute the calculation result of Formula 4 into Formula
3 to get the general ledger calculation result of accounting. The business process simu-
lation results of other roles in the ERP sandbox can be obtained according to the above
methods.

3.2.4 Enterprise Evaluation

Evaluate the operation status of the ERP sand table simulation target enterprise from
multiple dimensions such as finance, customer, and internal operation capability. The
financial dimension indicators can provide a certain guarantee for the realization of other
related dimension goals. It is necessary to invest in raw materials and plants reasonably,
and manage effectively. On this basis, it can win the market through reliable products,
improve their comprehensive competitiveness, actively attract customers to obtain funds,
and then use the information system and improve their capabilities, improve the coor-
dination of the organization, and reasonably improve the skills of employees to meet
the relevant management requirements [9]. The goal of the customer dimension is to
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improve customers’ recognition of products and promote the further development of the
enterprise. The performance of the enterprise’s customer dimension is investigated from
two aspects: customer satisfaction and brand market value. The specific measurement
indicators of customer satisfaction are: on-time delivery rate, product qualification rate,
etc. The calculation formula of the on-time delivery rate is:

N .
HMdelivery = —;;hvery x 100% (3)

order
In the above formula Ngelivery and Norder They are the quantity of orders completed
on time and the total quantity of orders within the enterprise. In addition, the solution
result of product qualification rate index is:
Ngualified
Mqualified = ]\?— x 100% (6)

product

among Nqualified and Nproduct They correspond to the quantity of qualified products and
the total quantity of produced products. From the perspective of brand market value,
specific measurement indicators include market share, service quality, sales ratio, etc.
After determining the financial dimension and customer dimension, the enterprise needs
to focus on the corresponding internal process dimension. In the process of management,
enterprises can provide support for the realization of financial objectives on the basis of
optimizing and improving the corresponding internal business processes. The internal
process dimension indicators include marketing capability, production volume, etc. The
calculation formula of marketing capability is:

Y =y -z (Y (i) + Madvertisement) @)

among y and z It indicates that the enterprise has relevant market certification and access
qualification coefficient, v (/) For employees in the enterprise i Marketing capabilities,
Mavertisement 1t is the sum of advertising expenses invested by enterprises in the market.
The production measurement structure is:

Nfarm

Q=Y g ®)
=1

where g; For workshop j Production, ng,m Indicates the number of workshops included
in the enterprise. Based on the above indicators, the evaluation results of the enterprise
are as follows:

f = @1 Ldelivery + @2 Ulqualified + T3V + @40 )

In the above formula @, @»>, w3 and w4 Corresponds to the weight value of the
above evaluation indicators. The enterprise evaluation output results can be obtained by
substituting the calculation results of each indicator into Formula 9. Through the above
process, complete the implementation of the system ERP sand table simulation course
module.
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3.3 Course Online Network Interaction Module

When the logged in user clicks the online question answering hyperlink on the home
page of the course learning system, the learning exchange platform interface will be
launched. The learning and exchange platform interface should provide links for users
to further view the details of messages, post messages, return to the home page, modify
user information and user passwords and other functions. The main task of the online
question answering interface is to establish a link to the database, retrieve all article
records from the database in chronological order, and display several records in the front
according to the page size, and generate pagination links for the rest. After the student
user uploads the interactive information, it will be received by the teacher through the
communication network. The online network interaction process can be quantified as:

Xreceive = Xsend X Km—d X G (10)

In Formula 10 «,,—4s and ¢ They are modulation and demodulation coefficient and
communication channel parameter respectively. After receiving the interactive informa-
tion, the teacher end can enter the page for posting messages, which should provide
a complete interface for writing message titles, message content, uploading pictures,
picture descriptions and publishing time; In order to ensure the integrity of the record,
the system needs to verify the legitimacy of the content entered by the user; Provide
the submit message button and insert it into the BBS article table, and give the user the
corresponding prompt according to whether the insertion is successful or not; If the user
does not want to leave a message at this time, the “Back to the previous page” option is
also provided, allowing the user to return to the online question answering interface at
this time.

3.4 ERP Sand Table Simulation Course Network Resource Query Module

When setting up ERP sand table simulation course, teachers upload relevant resources of
the course to the system database and extract the characteristics of the course resources
Tresources (1) As a tag item for a resource. When students enter the system, input keywords
according to the resource query content, and extract the query keyword features using
Formula 11.

N keyword

! x)? (11)

Tkeyword = Nk—d
eyWOr

i=1

among Nieyword IS the number of keywords, x; It represents the input keyword content. The
specific feature matching process can be expressed as follows:

Tkeyword * Tresources (£)

= 12
’ ”Tkeyword” * I Tresources (1) |l (12
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If calculated s The value of is above the threshold s¢, describe the current keywords
and teaching resources i Consistency, i.e. teaching resources i It is the query result of
online network resources of the current course. If the calculation result of Formula 12
is lower than the threshold value sg, you need to match the next teaching resource,
and finally output all the matching results that meet the conditions in a certain order to
complete the resource query task of the system.

3.5 Online Online Teaching Assessment Module of Sand Table Simulation
Course

In order to ensure the online network teaching effect of the system, in addition to the
basic teaching module, it is also necessary to set up a teaching assessment module,
which outputs the final assessment results of online network teaching of ERP sand
table simulation courses from three aspects of students’ daily learning behavior, written
examination results and practical assessment results. The output results can be expressed
as:

H = Hdaily ~+ Hyritten + Hpractice (13)

among Haily, Huritten and Hpractice Respectively corresponding to the scores of daily
learning behavior, written examination results and practice assessment results[10].
Finally, the teaching assessment results of all students in the system will be output
visually and displayed in the system interface.

3.6 System Background Load Balancing Control

In order to avoid uneven load distribution, service request blocking, computing resource
waste and other situations in the case of multi concurrent operation of the system, it
is necessary to further improve the design of system load balancing. In the process of
system load balancing control, first calculate the congestion probability of the server,
and the calculation result is:

=56

among Nj Is the number of concurrent users in the system, G The total number of
resources contained for the system. It is calculated that the higher the congestion prob-
ability is, the greater the load of the current system server is, and the request submitted
by the user needs to be dynamically allocated to other servers for processing. This
completes the load balance control of the system background, and ensures the running
performance of the online network multi module teaching system of ERP sand table
simulation course.

In summary, the design process of the online network multi module teaching system
for ERP sandbox simulation course is shown in Fig. 4.

j2 (14)
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Design a database for an online network
multi-module teaching system
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authorization module

Design an online teaching module for
ERP sandbox simulation courses

Design course online network
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Design an ERP sand simulation course
network resource query module

Design an online teaching evaluation
module for ERP sand simulation courses

End

Fig. 4. Design flowchart of online network multi module teaching system for ERP sandbox
simulation course

4 System Test

After completing the previous software code design and interface design, the next unit
must be the necessary system test. System test is not only to test software code, but
also to test various aspects such as data verification. Like software code development,
system testing is also a highly demanding and technical content, without many principles
and skills. System testing is the main component of developing application software
quality assurance. The system test experiment is divided into two parts: function test
and performance test. The function test is mainly to test whether the program module
has achieved the functions required in the software design. The performance test is to
judge whether the optimized design system can achieve the expected functions under
different operating conditions.

4.1 Preparation for System Test Experiment
Before the experiment begins, the experiment is prepared from two aspects: system
operation and test environment, as well as test cases.

4.2 System Test Environment

In order to ensure the efficiency and reliability of the system operation, the system server
should generally have a high software and hardware configuration. The operating system



262 B. Lu and C. Wang

uses Ubuntu 12.04 and Apache + Pssenger to provide application services. MySQL 5.0
is used as the database, Solr is used as the retrieval server, Memcache is used as the
cache server, Apache Bench is used as the load generator, mainstream Firefox, Chrome
and IE browsers are selected for the interface display, and multiple versions of the
above browsers are tested. The network teaching platform software system is developed
based on B/S mode, so the network requirements are the most basic configuration.
Generally, all servers use static IP addresses, while clients can use either manually set
static IP addresses or obtain dynamic IP addresses through dedicated DHCP servers.
The optimized ERP sand table simulation course online network multi module teaching
system is developed with HTML language, which is a hypertext markup language that
can connect information files on different servers in the Internet.

4.3 System Test Cases

Generate multi module test cases for user login, course teaching, resource retrieval, etc.
Take the resource retrieval module test as an example, and the specific case preparation
is shown in Table 3.

Table 3. Test Cases of System Resource Retrieval Module

Case number Search keywords Expected retrieval quantity/piece
Jo1 financial analysis 102

Jo2 Marketing Center 95

JO3 Production Center 87

Jo4 Logistics services 113

JO5 Material procurement 98

Similarly, test cases of other modules of the system can be obtained. In order to
ensure the credibility of the experimental results, the number of test cases prepared for
each teaching module is 200.

On this basis, evaluate whether the system has the necessary functions, including
course management, learning material sharing, learning progress tracking, homework
submission and evaluation, to ensure that the system can meet teaching needs. Evaluate
the stability and reliability of the system, including its response speed, operation delay,
etc.

4.4 System Test and Experiment Process

In the configured system test environment, complete the development of the online
network multi module teaching system for the optimized design of ERP sand table
simulation course. This system test adopts the test method of combining black box and
white box. The black box test is mainly used to test the performance of the system,
while the white box test is used to test the function of the teaching module of the



Design of Online Network Multi Module Teaching System 263

system.Input the prepared system test cases into the corresponding running program of
the developed online network multi module teaching system, and obtain the test output
results of module functions. Figure 5 shows the test run interface of the ERP sandbox
business process simulation module.

ERP Sand Table Simulation Course Online Network Multi module Teaching System

Login
module

Simulate character: Financial Director

«I

Total Account: bank loans
module

el
=
3
8
8
=
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&
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Account balance direction:

(O credit side

Query
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Assessment
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Activation time: 2023.3. 15

deline

nE

Fig. 5. Operation interface of ERP sandbox business process simulation module

Similarly, the operation test results of other module functions of the system can
be obtained. The quantitative test index of system functions is set as the success rate
of module teaching case operation 7y, The numerical results of this indicator are as
follows:

Mt = —2— % 100% (15)
NUse case

In the above formula ng,. and nyge case- It respectively represents the number of
successful use cases of module functions and the total number of use cases set in the
experiment. In addition, the system performance test is mainly divided into two parts:
running performance test and application performance test. The main principle of run-
ning performance test is to adjust the concurrent number of system running tasks, and
observe the change of system response speed under different concurrent conditions. The

quantitative test results of running performance in system performance are as follows:

AT = tip — tow (16)

among t;, and ¢,,; They are the start time and output time of the system task. The appli-
cation performance test is to judge the change of students’ scores after the application
of the ERP sand table simulation course online network multi module teaching system.
The test results of system application performance can be directly obtained through the
statistics of students’ scores. Final calculation 7, The higher the value of, the better the
function of the corresponding system teaching module, At The larger the value is, the
higher the student’s score is, which means the better the operation performance of the
corresponding system is. In order to reflect the advantages of the optimized design sys-
tem in terms of function and performance, the traditional project-based teaching system
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and the teaching system based on the auxiliary teaching mode are set as the two compar-
ison systems of the experiment. The development of the comparison system is realized
under the same experimental environment, and the corresponding operating results are
obtained.

4.5 System Test Results

4.5.1 System Teaching Function Test

Through the statistics of relevant data, the test results reflecting the teaching function
of the system module are obtained through the calculation of Formula 15, as shown in
Fig. 6.

90
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85 aching svs Cor i
teaching system for 7
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simulation course X
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80 / system based
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Fig. 6. Comparison curve of teaching function test of system module

It can be seen intuitively from Fig. 6 that, compared with the two comparative
teaching systems, the module teaching use cases of the optimized design ERP sand table
simulation course online network multi module teaching system have a higher success
rate, that is, the teaching function of the optimized design system is better.

4.5.2 System Operation Performance Test

Under different concurrent conditions, the running time of each teaching task is counted,
and the test results reflecting the running performance of the system are obtained through
the calculation of Formula 16, as shown in Fig. 7.

It can be seen from Fig. 7 that under different concurrency conditions, the average
response delay of the optimized design system is 10.4 s, while the average response
delay of the comparison system is 42.3 s and 36.5 s respectively, which proves that the
optimized design system has higher operation performance.
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Fig. 7. System Operation Performance Test Results

4.5.3 System Application Performance Test

The two contrast teaching systems and the optimization design system are respectively
applied to the actual teaching work of ERP sand table simulation course, and the test
results of system application performance are obtained through the statistics of scores
of multiple students, as shown in Table 4.

Table 4. Data Sheet of System Application Performance Test

Student ID | Student assessment Students’ assessment Student assessment
scores/points of the scores/scores by applying | score/score of applying
teaching system based on | the teaching system based | optimized design of multi
project-based teaching on the auxiliary teaching | module teaching system
method mode

1 86.6 90.2 97.5

2 89.2 914 98.6

3 78.5 85.7 94.4

4 73.4 84.2 92.9

5 80.9 86.5 93.5

6 85.5 88.1 96.2

7 84.3 87.6 97.4

8 89.8 92.1 98.8

Through the calculation of the average value, it can be concluded that the average
value of the students’ assessment scores of the two comparison teaching systems is 83.5
and 88.2 respectively, while the average value of the students’ assessment scores of the
online network multi module teaching system of the application optimization design
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ERP sand table simulation course is 96.2, which shows that the optimization design
system has higher application performance.

5 Conclusion

ERP sand table simulation training course has been offered for many years, but there are
still many problems in the teaching process. Through the design and development of the
online network multi module teaching system of ERP sand table simulation course, it
will be beneficial to improve the teaching effect, and ultimately achieve the teaching pur-
pose of improving students’ comprehensive quality and cultivating students’ application
ability.

In future research, the functionality and performance of each module in the system
will be further optimized and improved to enhance user experience and teaching effec-
tiveness. For example, improving the realism and interactivity of the sandbox simulation
module, and increasing the functionality and operability of the ERP system module.
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Abstract. In the process of online+offline mixed educational resources sharing,
due to the lack of effective data classification, the response rate of student terminal
education server is slow, and it is difficult to share Japanese teaching resources
quickly. Therefore, a Japanese online+offline mixed educational resources shar-
ing system based on data classification is studied. Improve the hardware design
of the sharing system from three aspects: resource management module, resource
retrieval module, and user management module. On this basis, the principle of
support vector machine is combined to define the sample data set, and relevant
parameter indicators are combined to solve the expression of data classification
model. Then, by analyzing the specific functional requirements of each application
unit, the processing of mixed educational resources is realized. Combined with
the relevant hardware application structure, the design of Japanese online+offline
mixed educational resources sharing system based on data classification is com-
pleted. The experimental results show that under the effect of the data classification
model, the average response rate of the student terminal education server has sig-
nificantly improved, which is in line with the original intention of the system
design to quickly share Japanese teaching resources.

Keywords: Data classification - Japanese teaching - Online education - Offline
education - Mixed educational resources - Resource sharing - Support vector
machine - Functional requirements

1 Introduction

Data classification is to combine data with certain common attributes or characteristics,
and distinguish data by their attributes or characteristics. In order to realize data sharing
and improve processing efficiency, we must follow the agreed classification principles
and methods, and divide all information in the system into different sets according
to a certain structural system according to the connotation, nature and management
requirements of information, so that each information has a corresponding position in
the corresponding classification system. In other words, the information with the same
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content, the same nature, and the information that requires unified management are
gathered together, and the different information and the information that needs to be
managed separately are distinguished, and then the relationship between each set is
determined to form an organized classification system. According to the purpose of
classification, the most stable essential characteristics of the classification object are
selected as the basis and basis of classification to ensure the most stable classification
results. Therefore, in the process of classification, we should first clearly define the
most stable and essential feature [1] of the classification object. Systematically arrange
the features (or characteristics) of the selected classification objects according to their
internal laws to form a classification system with clear logical hierarchy, reasonable
structure and clear category. In the setting of categories or the division of levels, there is
appropriate room to ensure that the established classification system will not be disturbed
when the number of classification objects increases. Starting from the actual needs, the
specific classification principles are determined by integrating various factors, so that the
resulting classification results are optimal, meet the needs, comprehensive and practical,
and easy to operate. If there are relevant national standards, the national standards shall be
implemented; if there are no relevant national standards, the relevant industrial standards
shall be implemented; If neither exists, relevant international standards shall be referred
to. In this way, the coordination and conversion between different classification systems
can be ensured as far as possible.

With the development of the Internet and the improvement of the level of science and
technology, modern education has developed from the traditional face-to-face teaching
of teachers and students in the classroom to the coexistence of multiple teaching meth-
ods, in which the education mode of online education has become the key goal of modern
education services. The traditional face-to-face education mode is limited by time, space,
manpower and material resources, which is difficult to meet the requirements of today’s
information construction and education reform. In contrast, online education transcends
space and time constraints and provides people with a more convenient and flexible
way of learning. Through the network, schools can be extended to families, compa-
nies and even any corner of society. People can flexibly allocate their learning time to
integrate work, learning and life [2]. Whether students, workers unable to study off the
job or other social figures, regardless of social level or age level, there are conditions
and opportunities to accept education at all levels. The promotion and development of
online education has improved the information literacy of teachers and students, accel-
erated the updating of knowledge resources, changed the way people access resources
and read, and provided more learning opportunities and better learning environment for
learners. One of the advantages of online education is to realize the sharing of edu-
cational resources. The so-called educational resources refer to all objectively existing
entities such as people, media, strategies, methods and environment that can improve
and promote teaching. Network education needs to digitize educational resources, and
the resources after digital processing can run in the multimedia computer and network
environment. In order to further realize the new educational ideas, we will introduce a
hybrid educational mode of online and offline learning in all fields of learning to improve
the efficiency of educational learning.
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In the process of online+offline mixed educational resources sharing, due to the lack
of effective data classification, the response rate of student terminal education server is
slow, and itis difficult to share Japanese teaching resources quickly. Therefore, a Japanese
online+offline mixed educational resources sharing system based on data classification
is studied. Through reasonable data classification and storage strategies, common and
popular educational resources can be placed on online servers closer to students, so
as to respond to students’ requests quickly. The less commonly used and unpopular
educational resources can be stored on the offline server, reducing the load on the online
server and improving the performance of the whole system. In this paper, the principle of
joint support vector machine is adopted to define the sample data set, and the expression
of data classification model is solved by combining relevant parameter indexes. Then, by
analyzing the specific functional requirements of each application unit, the processing
of mixed educational resources is realized. Finally, combined with the related hardware
application structure, the design of Japanese online+offline mixed educational resource
sharing system based on data classification is completed. The experimental results show
that the average response rate of the server is greatly improved under the effect of the
data classification model, which provides strong help for the rapid sharing of Japanese
teaching resources.

2 Shared System Design Scheme

The improvement of the hardware design scheme of Japanese online+offline hybrid
education resource sharing system should be carried out simultaneously from three
aspects: resource management module, resource retrieval module and user management
module. This chapter will study its specific design methods.

2.1 Resource Management Module

In the Japanese online+offline hybrid educational resource sharing system, the resource
management module processes the shared information parameters by improving the stor-
age behavior of teaching resources. Educational resources often have multiple forms of
existence, such as documents, pictures, videos, and so on. Most of these massive digital
resources exist in an unstructured form, which cannot be effectively stored using a unified
data structure, thus making resource sharing difficult to achieve. In view of the character-
istics of massive educational resources such as diversity, heterogeneity and low degree
of sharing, the first problem to be solved in realizing the goal of massive educational
resources sharing is the description of educational resources, that is, a standardized and
feasible way should be defined to uniformly describe and package educational resources,
so as to realize the unified storage and retrieval of resources. This is the basis for effective
resource sharing [3]. Therefore, the system should first carry out unified and standardized
representation of resources.

Defining a consistent data resource description framework through data classification
standards is an effective means to solve this problem. Metadata is the description of the
data structure and content characteristics of the original data resources. Users browse
metadata to access the original data resources, that is, the education resources themselves.
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The so-called metadata standard is the collection of all rules when describing the specific
objects of educational resources.

In addition, the hybrid education resource sharing system also provides 9 optional
data elements, which are: publisher - the person responsible for making the resource
available and available, usually identified by the name of the publisher; Other authors -
other authors who have contributed to the creation of resource content; Related resource -
another related resource identifier, but there is a relationship between the current resource
and this resource, and the “relationship description” element describes this relation-
ship; Relationship description - the relationship between the current resources and the
resources represented by “related resources”; Coverage, the extension and coverage of
resource content, including spatial location description, time period description or per-
mission description; Permission - information about the permission owned or granted
by the resource itself, including the permission statement for the resource, or a reference
to the service that provides this information; Evaluation - comments or identification of
resources from a third party who is not the author or publisher; Evaluators - individu-
als, organizations or institutions associated with evaluation; Version - the version of the
learning object.

On the system page, users can view the metadata information of Japanese teaching
resources and the content information of the resources themselves (displayed on the
page in preview mode). When they need to obtain resources, they can obtain the corre-
sponding resources in HDFS through the storage location field of the resources in the
database table. Table 1 shows the design principles of the resource management module
description information table Resourcelnfo.

Table 1. Resourcelnfo data description of resource management module

Field name Field type Explain

Title Varchar(50) Title of Japanese teaching resources

Typeld Integer Types of Japanese teaching resources
Resourceld Integer Japanese teaching resource ID

Userld Integer Owner of Japanese teaching resources
Formatld Integer Japanese teaching resource file format
Value Integer The value of Japanese teaching resources
Identity Varchar(255) Identification of Japanese teaching resources

The specification allows users to expand metadata elements according to the needs

of the system, but it must conform to the format and technical specifications defined by
the specification elements. With reference to this specification, the system designs the
storage mode of resources as follows:

(1) The educational resources themselves and the resource description information are
named with the same file name and stored in the designated folder of the HDFS
distributed file system through Hadoop. The resource description information is
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generated by the resource name and the resource content introduction in a fixed
format for generating index files during resource retrieval.

(2) The metadata information of Japanese education resources is stored as a record in
the MysQL database table, and the storage location of the resources in HDFS is
recorded, which is the way to download and obtain resources. Metadata information
is used for users to view various attributes of resources when resources are displayed.

2.2 Resource Retrieval Module

The resource retrieval module provides users with a simple retrieval method to quickly
and accurately retrieve the desired resources. In this system, users search resources by
keyword. Due to the huge amount of educational resources involved in the system, it
is difficult to achieve fast and accurate retrieval results only through traditional rela-
tional database queries. In order to improve the speed and accuracy of retrieval, the
retrieval process is implemented on multiple DataNodes in the background through the
MapReduce program in Hadoop.

The retrieval of online+offline hybrid educational resources mainly includes the
establishment of inverted index files and the realization of parallel search. MapReduce
programming model is used to establish inverted documents or realize parallel search.
Every MapReduce program is a combination of map and reduce. The search content
implemented by this system is based on resource description information, which con-
sists of resource name and resource content introduction [4]. In the design of parallel
retrieval, the user sends a query command to retrieve in real time, and the efficiency
of user query is determined by the efficiency of parallel search. The operation of creat-
ing inverted documents is issued regularly, and the inverted index has been established
before receiving the user’s query command, so the efficiency of creating inverted index
does not affect the efficiency of query. The implementation process design of the entire
resource retrieval module is shown in Fig. 1.

HDFS inverted index

Execute index

. . Resource
function © ¢

distribution

Core search cluster

Student end
users

Onlinetoffline
education resources
import

Description of
Japanese education
resources

Fig. 1. Implementation process of resource retrieval module

The establishment of inverted index is the first stage of parallel retrieval, that is, to
establish inverted index documents for resource description information imported into
HDFS to provide input data for subsequent searches. It adopts Hadoop’s Map/Reduce
parallel programming mode. During the index establishment process, JobTracker coor-
dinates the distributed processing of each DataNode node in the system. After the index
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processing of each DataNode node, the generated index fragments are reduced and
merged into an index whole, and finally saved to HDFS. The design process of the entire
distributed index is described as follows:

(1) Read the file description information from the specified location of HDFS as input,
segment the input file through FileSplit, and process the input data with the key
value in the form of < name, content > to the map function allocated to different
DataNodes.

(2) Each map parses the input key values of < name, content >, name, value, content,
extracts keywords, assigns the word frequency of each keyword to 1, and outputs
them to the combiner in the format.

(3) Combine: complete the statistics and sorting of the word frequency corresponding
to the same keyword. (Note: The word frequency statistics of map and combiner
are different. A keyword is extracted in the map operation, and the word frequency
assigned to it is 1, while the word frequency of combine is the accumulation of the
same key value in the same DataNode, that is, the word frequency value correspond-
ing to the keyword.). Then each combiner outputs its own statistical results, that is,
the inverted sort index. At this time, the index is not perfect and needs to be merged
by reducer.

(4) The reducer receives the output of the combiner, traverses all nodes to obtain
the required intermediate data set, and then performs post processing such as de
duplication, filtering, accumulation, and sorting to obtain the results.

(5) Finally, the OutputFormat class outputs the inverted index document as a file and
stores it on HDFS.

2.3 User Management Module

The user management module of the Japanese online+offline hybrid educational resource
sharing system consists of four parts: user registration and login unit, user information
management unit, user integral management unit, and user authority management unit.

The user registration login module is used to register tourists and login users. Tourists
can enter the registration page by clicking “Register” on the system homepage, enter
the user name and password, and click “Register”. At this time, judge whether the user
name is the same as the existing user name in the system. If not, add a new user name
and password to the database, and jump to the user login interface. Otherwise, the user
will be prompted that “the user name has been registered”, and the user needs to rename.

The user information management module is mainly used for users to manage their
own information and administrators to manage all user information. The function design
is as follows: all system users can view personal information and modify personal infor-
mation. Ordinary users can apply for upgrading to authenticated users. Administrators
can find users, view user information, add, delete, and modify user information accord-
ing to conditions [5]. At the same time, the administrator needs to review the upgrade
application submitted by the user, and agree or reject the user’s upgrade.

User credit management module provides users and administrators with the function
of managing user credit. In the system, you can view your own point use details list
at any time, including point change details, change time, change product score, and
current remaining product score. Where the details of points change include downloaded
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resources, the name of downloaded resources, download time and the number of points
deducted will be displayed; If the comment gets points, the comment resource name,
comment time and added points will be displayed. Users can obtain points by uploading
resources for others to download and commenting on resources. The administrator can
view the change details of the points of the specified user and manage the user points.

User permission management refers to that according to the permission rules set
by the system, users can only perform their own authorized operations and access their
own authorized resources. A good privilege management system should assign different
system operation privileges to each class or user, and should be extensible. In this system,
different user roles have different operation permissions. The administrator manages the
permissions of all roles through the permission management module. The realization
of this unit structure function involves three subjects, one is the user who owns the
permission, the second is the user role set by the system, and the third is the executable
permission operation for the system [6]. By assigning different operation permissions to
different roles and then assigning the roles with permissions to a user, that is, there is no
direct relationship between users and permissions. Users are associated with permissions
through roles, so that users can implement the corresponding rights. The E-R model of
the user rights management unit is shown in Fig. 2.

Permission ID

Permission
name

Share /
permission

Shared Educational
users role
Role name

Student ID
Client
user name
User
Password

Fig. 2. E-R Model of User Rights Management Unit

In order to simplify the relationship in the Japanese online+offline hybrid education
resource sharing system, each user only corresponds to one role. The administrator can
directly view the role of the user and the operation permissions of the role through the
browser, and can directly modify the user role and role permissions on the page according
to the system function needs. After modification, when the user logs in to the system
again, the operation interface will directly display the modified operation permissions.
In this way, users and permissions are associated through roles, which not only conforms
to the logic in real life, but also has simpler program design, clearer thinking, and simpler
and more convenient access management for administrators. After a user logs into the
system, the application program performs the following operations to obtain the user’s
operation permissions:

The program obtains the user ID from the session. If not, the page will locate the
error prompt information page.
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Query the role ID from the user role relationship table according to the obtained user
ID.

Query the role permission relationship table through the user role to obtain all
operation permission IDs of the role.

Query the operation authority table according to the authority ID, obtain the operation
authority name corresponding to the ID and the operation page link corresponding to the
authority, and display them in the user operation interface in order. Click the operation
name to jump to the corresponding operation interface. If the user role does not have
the corresponding operation permission, the corresponding prompt will be given on the
user operation page.

3 Mixed Educational Resources Processing

On the basis of application modules at all levels of the system, in order to realize the
sharing and processing of Japanese online+offline hybrid educational resources, the
functional requirements of component structures at all levels should also be analyzed
according to the data classification model.

3.1 Data Classification Model
(1) Support vector machine principle

The design of Japanese online+offline hybrid educational resource sharing system
needs to refer to the data classification model, and the design of model structure must
follow the principle of support vector machine. Direct push support vector machine is a
generalization of support vector machine in semi supervised learning. Traditional support
vector machine only considers labeled samples and looks for the maximum separating
hyperplane from labeled samples. After taking unlabeled samples into consideration,
direct push support vector machine looks for the hyperplane that can separate labeled
samples and pass through areas with low data density.

As the key point of the whole educational resource sharing platform, the relevant
educational resource system integration module realizes the reorganization of the exist-
ing system, uses the principle of support vector machine to SOA the existing system and
reorganize the services, and then rearranges it. At the same time, it integrates the existing
educational resources in the relevant system, In order to truly realize the integration of
all systems related to educational resources in the whole school, and truly realize the
sharing platform of educational resources.

The relevant education resource system integration module mainly integrates other
existing teaching management systems through SOA, web service, EBS and other tech-
nologies. For various existing education resource systems in schools, SOA technology
is used to realize service arrangement and reorganization, and then re open to the outside
world, so as to make use of existing resources and combine existing services, Quickly
integrate to form new business services, realize resource sharing faster, and reduce costs
[7].

Due to the uniqueness of Japanese online+offline hybrid educational resources, the
educational resources running on the system are more valuable, and it is not easy to
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retrieve them after they are lost. Therefore, the reliability requirements for the system
are high, especially for the reliability of hardware devices such as file storage servers
and database servers. The servers should have high reliability. In addition, the server
should also have better redundancy, backup and recovery and other disaster recovery
schemes, so that the relevant data stored on it can be easily and safely recovered in case
of system hardware failure, thus ensuring the security and reliability of relevant Japanese
education sharing education resources from the software level.

Given tagged sample set P, = {(p1,i1), (p2,i2), -+, (Pn, in)}, Where, p1, p2, -+,
pn respectively n different online education resource marking parameters, iy, i, - - -, in
respectively n different offline education resource marking parameters are shared x the
value always belongs to [1, 4-00) the support vector machine expression can be defined
as:

I ) 2 2
min < (py+p5+---+p
Y =8 x X|1 2 n

400 (1)
Y3
a=1

Among them, o represents the redundancy coefficient of educational resources,
represents the educational resource information identification parameters selected based
on the data classification model.

Direct push support vector machine successfully uses a small amount of labeled data
and a large number of unlabeled data to train a more ideal support vector machine model.
Compared with the traditional support vector machine, the direct push support vector
machine effectively uses the information implied in the unlabeled data, and successfully
improves the classification accuracy of the support vector machine by combining the
distribution information of the unlabeled data. But the direct push support vector machine
needs to traverse all unlabeled data during the training process. When the problem size
is small, it can be solved directly, but when the data size is large, the algorithm takes too
long, or even the problem is unsolvable.

(2) Sample data set

In the process of implementing the data classification of Japanese online and offline
mixed educational resources, the expression of sample data set can be used to describe
the application ability of support vector machine principle. The definition of sample
data set refers to the transformation of data samples in the real world into mathematical
representations for training and classification of support vector machines. Specifically,
the sample data set includes a set of labeled data samples, and each sample has multiple
characteristics or attributes. These features can be text, images, audio and other different
types of data. The abstract definition of sample data set represents each sample as a
vector and associates it with the corresponding label.

Assume that there is a training set in a linear nonseparable space W, where exist
respectively §; and > two types of samples, sample points e for this category §;. A
sample in the training set that has been mapped g obtain g(e;), the same category &,
sample points in e; mapped g obtain g(ey). After mapping, the sample points become
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linearly separable, and the simultaneous formula (1) can g(e;), g(e2) shared distance
between D, ¢, expressed as:

oo .
2 Ig(e2) — g(e)

a
Dey e, = Wi X Wy 2)

where, a linear coefficient representing Japanese education resource information, wi
Representation and 61 sample related education resource description vector, wy repre-
sentation and §, the description vector of educational resources related to the sample,
and wy, wy there are always value conditions shown in Formula (3).

wi,wy € W 3)

It is used to realize real-time query of course resource list and course resource
information according to the data classification model. You can query the list of all
course resources corresponding to the query criteria through such query criteria as subject
name, course resource owner (teacher name), course resource name, upload time, and
school. According to different user permissions,Each time, a different number of course
resource lists and brief descriptions that meet the query criteria are returned in the form
of pagination.The detailed information of the course resource can be queried through the
conditions such as the course resource number, course resource name, etc., including the
metadata such as the course resource name, owner, upload time, file size, modification
times, and download times. At the same time, the storage address of the course resource
can be returned, so as to facilitate the whole process of viewing and downloading the
course resource.After the metadata of relevant course resources is passed in, the relevant
information is recorded in the database after uploading the course resources to the file
server, so as to realize the operation of uploading course resources[8].Pass in the course
resource ID, return the storage address of the course resources corresponding to the
resource ID, and then download the specified course resources through the address, so
as to realize the download function of course resources.Through the course resource
ID, modify the description of the course resource, the course resource file and other
information or data corresponding to the resource ID, so as to realize the dynamic
maintenance function of the existing course resources.

If the classification conditions are met, set ¢ represents the classification coefficient
of Japanese online+offline mixed educational resources in the sharing system, f repre-
sents the educational resource import parameters in the shared system, & represents the
unit cumulative amount of online+offline mixed educational resources, k indicates the
directional transmission characteristics of resource information. With the support of the
above physical quantities, formula (2) can define the sample dataset expression based
on the data classification model as:

“4)

1 +00
G=-— Zf ‘De|<—>e2
¢ —00

Active learning is carried out for unbalanced data with few labels. If the initial training
set is constructed by random sampling, it cannot guarantee that the initial training set
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has a high amount of information. Using these unreliable samples to train the initial
classifier will lead to a large deviation from the correct position of the initial classifier,
increasing the calculation cost of subsequent active learning iterative learning. And the
initial training set selected randomly is largely unbalanced, which cannot improve the
generalization accuracy for a few classes. Therefore, it is necessary to study the initial
training set selection strategy of active learning.

When the resource sharing system adds educational resources according to the data
classification model, first fill in the relevant information of the newly added educational
resources, then select the file of educational resources to upload, then enter the relevant
details, and finally select the operation of adding resources. The system verifies the file
format, size, input information and other relevant information. After the verification is
passed, the system uploads the fileThen write to the database, refresh the page, and add
educational resources.

3.2 Functional Requirement Analysis and Realization of Shared Services

According to the business demand analysis of the Japanese online+offline hybrid edu-
cation resource sharing system and the current demand of related systems, the whole
system is divided into several modules, including user management, education resource
management and related education resource system integration modules. The detailed
functional requirements of each module are shown below.

The user management module includes two functional modules: user login and user
information management. The user information management includes user information
modification, adding new users and deleting users, which is used to maintain the user
system of the whole system [9]. The user management module mainly includes user login
and user information management related modules. The user information management
module includes administrators adding new users. Administrators can add new users by
importing the obtained new user list into the system. At the same time, all users have
the right to modify their personal information. User information management includes
user information modification, adding new users, deleting users and other functions to
maintain the user system of the whole system.

Curriculum resource management is used to manage curriculum related resources,
including the function of managing curriculum related resources such as curriculum
documents and reference materials. You can add curriculum resources, view curricu-
lum resources, and download selected curriculum resources through the system. At the
same time, teacher users or administrators can maintain the information of curriculum
resources,Delete or modify relevant course resources [10].

The solution result of the function requirement analysis expression of the resource
sharing system is as follows:

+0o0 .
IT4+j-1AX|

I = c=1 (5)

G

Among them, c represents the education resource information transmission parame-
ters in the system host, A represents the resource information storage coefficient, j it repre-
sents the recognition characteristics of the shared host for Japanese online+offline hybrid
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educational resources, AX represents the unit cumulative amount of education resource
information. In order to realize real-time sharing of Japanese online+offline mixed edu-
cational resources, the inequality conditions shown in Formula (6) and Formula (7) must
be established at the same time.

AX >0 (6)
A>0
. @)
j=1

The integration of educational resources should quickly and conveniently complete
the integration of other existing educational resources and existing systems, so as to
achieve the great integration of the whole school’s educational resource system. In the
implementation process, the following technical problems need to be solved. (1) Pro-
cessing of existing redundant data: at this stage, various independent applications have
produced a lot of teaching resource data in the process of system operation, and there is
a lot of redundancy between these data, resulting in poor data consistency. How to better
handle the existing redundant dataProviding highly consistent educational resource data
for educational resource sharing platform is the first problem that should be dealt with in
the integration of educational resources. (2) Processing of existing redundant functions:
there are many existing educational administration systems and teaching resource sys-
tems in the school, among which there is a large part of functional redundancy. Many
systems have similar functions, operate and process similar data, and after integration,
these similar data will be integrated into one,At this time, these similar functions operate
on the same data from different levels, making the maintenance of system data consis-
tency more difficult. How to integrate these redundant functions is also helpful to shorten
the development cycle of the system.

On the basis of formula (5), the calculation formula of hybrid education resource
sharing service can be expressed as:

M:’E—L (8)

VB + 1)

where, & represents the real-time sharing coefficient of mixed educational resources, B
represents the response parameters of education resource sharing service based on data
classification, w represents the shared service execution vector. So far, it has realized
the calculation and processing of sharing behavior parameters, combined with hardware
application structures at all levels, and completed the design of Japanese online+offline
hybrid educational resource sharing system based on data classification. The system
design flow chart is shown below (Fig. 3).
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Fig. 3. System design flow chart

4 Example Analysis

4.1 Experimental Process

In order to verify the practical value of Japanese online+offline hybrid education resource
sharing system based on data classification, sharing system based on neural artificial net-
work, and sharing system based on SOA propagation model, the following comparative
experiments are designed.

Step 1: Use Windows host cluster as the network terminal server, Mainframes host
cluster as the client server, and use IPC channel organization to establish the data
information transmission relationship between host and server.

Step 2: Input the running program of the Japanese online+offline hybrid education
resource sharing system based on data classification in the client server, record the data
change of the server response rate under the effect of the system, and the results are
experimental group variables.

Step 3: Input the running program of the sharing system based on the neural artificial
network in the client server, record the data change of the server response rate under the
action of the system, and the result is a control group of variables.

Step 4: Input the running program of the shared system based on the SOA propagation
model in the client server, record the data changes of the server response rate under the
action of the system, and the results are compared with two groups of variables.

Step 5: Collect the variable data and summarize the specific experimental rules.

4.2 Experimental Index

Throughput: indicates the number of requests that the server can handle in a unit time,
which can effectively reflect the response rate of the server. Its expression is:
N-G

V=T ©
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where N represents the number of requests, G represents the data size, and T represents
the total time.

4.3 Principle and Conclusion

In the education resource sharing network, the response rate of the student terminal
education server is equal to the Japanese teaching resource sharing rate. Because it is
relatively difficult to measure the latter, in the actual application process, the real-time
sharing of Japanese teaching resources can be analyzed according to the response rate
level of the server.

The figure below reflects the numerical changes of server response rate under
different experimental environments.
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In Fig. 4 and Fig. 5, respectively, take the maximum value of the server response
rate of the experimental group and the control group, and calculate the average response
rate. The specific calculation results are shown in formula (10).

vy = 15.76
v, =8.51 (10)
vz = 8.84 (Unit: Mb/ms)

Among them, V1, V,, V3 represent the average server response rate of the experimental
group, control group 1 and control group 2 respectively.

According to the calculation result of formula (10), the average speed of the exper-
imental group is the highest, with a mean difference of 7.25 Mb/ms from the control
group 1 and 6.92 Mb/ms from the control group 2.

To sum up, the conclusion of this experiment is:

(1) The sharing system based on neural artificial network does not meet the application
demand of improving the average response rate of the server, so its application ability
in solving the problem of slow response rate of student terminal education server is
relatively weak.

(2) Compared with the sharing system based on neural artificial network, the applica-
tion of the sharing system based on the SOA propagation model can appropriately
improve the average response rate of the server, but it still cannot meet the actual
demand standard.

(3) The application of Japanese online+offline hybrid education resource sharing system
based on data classification has significantly improved the average response rate of
the server. Compared with the sharing system based on neural artificial network and
the sharing system based on neural artificial network, this new system can better
solve the problem of slow response rate of the student terminal education server,So
as to realize the rapid sharing of Japanese teaching resources, which is consistent
with the original design intention of the sharing system.

5 Conclusion

Among educational resource sharing technologies, Hadoop is a popular framework for
distributed storage and parallel computing at this stage.In the process of designing and
implementing the education resource sharing system, Hadoop storage model HDFS is
used to store massive Japanese mixed education resources, and Hadoop parallel pro-
cessing framework MapReduce is used to retrieve massive digital education resources.
The use of distributed file system HDFS storage resources has the characteristics of low
hardware requirements, low storage costs, simple backup mechanism, and easy capacity
expansion. The sharing system uses the characteristics of HDFS tree structure directory
and the method of classified storage of resources to store different kinds of resources
in different directories of HDFS to optimize the storage results and facilitate resource
management. In terms of data retrieval, the popular full-text retrieval is adopted at this
stage, and the inverted index is established and the parallel search is realized by using
MapReduce programming model on the Hadoop platform. In the technology of shar-
ing educational resources, remarkable achievements have been made by using Hadoop
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storage model HDFS and parallel processing framework MapReduce. However, in the
process of online+offline mixed educational resources sharing, the sharing time did not
achieve the expected effect due to the complex algorithm. In the following research, we
will dig deep into the information and patterns in educational resources to further pro-
mote the development of educational resources sharing technology, aiming at shortening
the computing time and providing more efficient and intelligent resource management
and services for the education field.
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Abstract. There are various types of resources on mobile education platforms,
but these resources often appear fragmented and lack systematicity and integra-
tion. Therefore, the classification research of physics theory teaching resources can
help students better find and utilize resources that are suitable for their learning
needs. A mobile education platform resource classification method for physics
theory teaching is proposed to solve the problems of low accuracy and recall
rate, as well as long resource classification time in traditional mobile education
platform resource classification methods. Build a data collection architecture for
physics theory teaching resources on the mobile education platform by using web
page parsing module, text processing module, search strategy module, and sup-
plementary mechanism module. Extract relevant resource features based on the
collected data of physics theory teaching resources. Utilizing cost sensitive learn-
ing to improve Ada Boost ensemble learning algorithm, and combining resource
feature extraction results to achieve resource classification on mobile education
platforms. The experimental results show that the average accuracy of this method
is 96.9%, the average recall rate is 96.8%, and the minimum time required for
resource classification on mobile education platforms is 2.1 s. The classification
results are reliable.

Keywords: Teaching physics theory - Mobile education platform - Resource
classification - Cost sensitive learning - Ada Boost ensemble learning algorithm

1 Introduction

With the popularity of mobile Internet and the wide application of smart terminals such
as smart phones, mobile education platform has become one of the hot spots in the
current education field, which is particularly important for physics theory teaching [1].
Compared with traditional education, mobile education platform is not limited by time
and space, has the advantages of flexibility and interaction, provides students with more
learning possibilities, and can realize personalized teaching and the sharing of high-
quality teaching resources. Mobile education platform resource classification refers to
the classification of various learning resources on the mobile education platform in
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accordance with a certain way, so that students can quickly find the required learning
resources on the platform. These classification methods can be divided according to
different dimensions, such as subject classification, knowledge point classification, dif-
ficulty level classification, non-curriculum resources classification, etc.The significance
of studying the classification of mobile education platform resources is that through
classification and organization, it can better improve students’ learning efficiency and
quality. The number of learning resources on mobile education platforms is huge [2].
If not classified and organized, students may feel confused and anxious during the pro-
cess of searching and selecting learning resources, which affects learning efficiency and
quality. Meanwhile, studying the classification of mobile education platform resources
can also help improve the user experience of the platform, enhance students’ learning
experience, and enhance the brand value of the education platform. However, due to the
numerous and complex knowledge points of physics theory, as well as the wide vari-
ety of educational resources, educators need to classify and manage resources to meet
students’ learning needs and achieve the best teaching results.

Aiming at the problem of resource classification on mobile education platform,
literature [3] combined with a novel data enhancement method and calculated its attention
matrix through attention mechanism according to the contribution of word vector to
classification results, aiming at the characteristics of teaching material resource data
set, such as rich text information, not obvious feature presentation and uneven sample
distribution. Then the word vector matrix is combined with input into the model, so as
to propose a text classification model Io META combined with attention mechanism,
and use Io META to carry out deep learning of textbook resources, so as to realize
resource classification. Reference [4] proposes an information resource classification
method based on association rules to address the issue of current methods being unable
to accurately analyze information feature relationships, resulting in low accuracy of
information resource classification results. Utilize information gain to extract features
of the information to be classified, and establish an evaluation function based on the
difference in information gain. Using the distance from the feature to the corresponding
category center as an association rule, deep mining of the internal relationship between
information is achieved. By determining the itemset and using training, the classification
of information resources is completed.

However, problems such as low accuracy of classification results, low recall rate and
long classification time are found in the application of these two methods, leading to poor
classification effect of mobile education platform resources. To solve this problem, this
paper proposes a resource classification method for mobile education platform oriented to
physics theory teaching. Through reasonable classification and integration of resources,
it provides educators with effective educational resource management schemes, which
aims to ensure effective management and utilization of educational resources and bring
more and better learning resources to students. At the same time, the method will also
consider students’ academic needs and interests, in order to better meet the learning
needs of different students. The structure of this article is as follows:
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1) Build a data collection architecture for physics theory teaching resources on the
mobile education platform using web page parsing module, text processing module,
search strategy module, and supplementary mechanism module, and obtain relevant
data collection results.

2) Extract relevant resource features based on the collected data of physics theory teach-
ing resources. Cost sensitive learning is used to improve Ada Boost Ensemble learning
algorithm, and resource feature extraction results are combined to achieve resource
classification of mobile education platform.

3) The accuracy and recall rate of resource classification on mobile education plat-
forms, as well as the time spent on resource classification, were used as indicators to
comprehensively test the effectiveness of this method.

4) Summarize the entire article and draw a conclusion.

The main contributions of resource classification research on mobile education
platforms for physics theory teaching are as follows:

1) Personalized resource recommendation: This study can achieve personalized rec-
ommendation of physics theory teaching resources by analyzing students’ learning
behavior, interest preferences, and learning needs. By associating student portraits
with resource classification, students’ personalized learning needs can be better met,
and learning effectiveness and motivation can be improved.

2) Resource integration and organization: In response to the diversity and fragmentation
of physics theory teaching resources, this study can integrate and organize different
forms of resources to build a more complete and coherent learning resource chain.
By categorizing and organizing resources such as videos, PPTs, PDFs, and codes,
we aim to provide students with a more diverse learning experience and support.

3) Resource quality assessment and assurance: This study can establish standards and
indicator systems for resource evaluation, evaluate and screen resources through auto-
mated or semi-automatic methods, and improve learners’ trust and effectiveness in
resource utilization. By evaluating and ensuring the quality of resources, high-quality
physics theory teaching resources can be provided to improve learning outcomes.

4) Teaching strategy optimization: By analyzing the behavior data of learners on mobile
education platforms, it is possible to understand the usage and effectiveness of differ-
ent resources by students. Based on these data, teaching strategies can be optimized,
resource classification and recommendation strategies can be adjusted, and teaching
effectiveness and student satisfaction can be improved.

5) Cross platform sharing and interoperability: This study can explore the establishment
of unified resource classification standards and norms, achieving resource sharing and
interoperability among different mobile education platforms. This helps to promote
the cross platform circulation and sharing of resources, improve their accessibility
and sustainability.
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2 Design of Resource Classification Method for Mobile Education
Platform

2.1 Data Collection Architecture of Physics Theory Teaching Resources
on Mobile Education Platform

The data collection architecture for physics theory teaching resources on the mobile
education platform designed in this article adopts a B/S architecture as a whole. The
MySQL database stores crawling data, the Redis cache database serves as a middleware
database, the Neo4j graph database stores Fin Graph knowledge graphs, and the front-
end page developed based on the Vue.js framework is used to complete user interaction.
The back-end server provides logical processing, and the database stores the collected
webpage information, The functions are mainly divided into web page parsing module,
text processing module, search strategy module, and supplementary mechanism module.
The data collection architecture is shown in Fig. 1.

View Mobile education platform web browser ‘
layer
- /
. ( Supplemen \
Business Web page Text Search tary ‘
layer [ parsing processing strategy mechanism
o
/ AN
Data ‘ MySQL Redis Neod; ‘
layer [ database database database ‘
o J/
/ \\
Web Knowled Resource |
Acquisition 0 el q oW eh 8¢ data ‘
layer ownioa grap acquisition

\_

Fig. 1. Data collection architecture of physics theory teaching resources on mobile education
platform

The user interacts with the view through the web browser. The browser is respon-
sible for the front page display, and the back end is responsible for responding to the
corresponding operations of the front end. The business layer includes webpage parsing
module, text processing module, search strategy module and supplementary mechanism
module. The data layer includes My SQL database, Redis database and Neo4;j database.
My SQL and Neo4;j are mainly used to store subject-related webpage text data and Fin
Graph knowledge graph, while Redis database is used for url reprocessing.The collec-
tion layer includes data collection function, which downloads webpage content based on
URLSs. Fin Graph assists in extracting key phrases from webpage text for topic seman-
tic similarity calculation. According to the supplementary mechanism of the business
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layer, high correlation webpage crawls are extracted from triples to update Fin Graph,
thereby building relevant knowledge graphs and achieving data collection of physics
theory teaching resources on mobile education platforms.

(1) Design of web page parsing module
The webpage parsing module is responsible for extracting text, page title and
link information from the obtained HTML source code [5], and removing redundant
data and label structure of physical theory teaching resources on mobile education
platform. This paper uses Xpath selector for preliminary screening. Xpath selector
uses path expressions to select nodes or node sets in webpage documents, and extracts
field data to webpage documents of mobile education platform by locating target
nodes. Compared to CSS selectors, Xpath selectors’ expressions are more concise,
flexible, and efficient in finding complex elements. After the preliminary screening,
regular expressions are used to extract the specific requirements.
(2) Text processing module
The text processing module is responsible for processing the extracted text of
mobile education platform web pages. As the extracted text may contain residual web
page tags, irrelevant punctuation mark and characters, and stop words, the text of the
web page text should be cleaned to get clean physical theory teaching resource data
of mobile education platform by removing miscellaneous content. Afterwards, the
APKGram algorithm and Fin Graph knowledge graph were combined to extract key
phrases from the cleaned web page text. Finally, word vector training is conducted
based on relevant corpora to extract key phrase segmentation from the webpage
body and map the segmentation to the training results to obtain the word vector
for each word. If there are missing values, a word vector representation with the
same dimension is randomly initialized. The word vectors of each key phrase are
the average of the constituent word vectors, and the set of word vectors of these key
phrases serves as the text feature vectors of the entire mobile education platform
webpage.
(3) Search strategy module design
The search strategy module has the function of judging strategy based on the
mixed content and link structure of mobile education platform. New links found by
theme web crawler in the process of crawling web pages can be divided into two
categories. One is directory page link, which is usually seen as the next page link.
The other is the web content link, that is, the link that needs to parse the extracted
fields of the web page, pointing to the actual mobile education platform physical
theory teaching resource data information page. Theme web crawler [6, 7] extracts
multiple content page links and web contents from each directory page link, selects
the required links according to the set link structure rule expression and adds them
to the cache database Redis to be downloaded, and removes the interference of
irrelevant pages. And by calculating the semantic similarity between the content of
the web page and the topic to decide whether to store the text of the web page in My
SQL database.
This article uses the Redis database to store the URL queue. The Redis database is
a high-performance non relational database that can support multiple data structures
and can support persistence logs based on memory. The key of the crawler from
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Redis is next_ When the link extracts its value value, the initial link starts running.
The downloader returns a response to obtain the webpage content text. During the
parsing of the webpage content, the following judgment process is performed:

1) Determine whether the webpage content has a link to the next page, and if so,
store it in the Redis download queue;

2) Judge whether the webpage content matches the detail content page. If so, con-
sider the page link and text content. For the link, use the set regular expression
to extract the page link that meets the requirements and store it in the Redis
download queue; For the text content, the topic similarity calculation based on
the mobile education platform physics theory teaching resources text content is
used to determine whether it is stored in the database. By comparing the semantic
similarity between the text feature vector obtained from the text processing mod-
ule and the topic feature vector, the semantic matching degree between the text
content and the topic is calculated. The cosine similarity is used to calculate the
topic similarity of the webpage text. If the calculated topic similarity is greater
than or equal to the set threshold, the text content of the web page and its related
information will be stored in My SQL database, otherwise it will not be recorded.
After completing the above steps, if the next_link list is not empty, the crawler
continues to fetch urls from the Redis queue for the above judgment steps until
the waiting queue is empty. If the next_link list is empty, the process ends.

Supplementary mechanism module
The supplementary mechanism module further supplements the Fin Graph

knowledge graph based on a certain amount of physical theory teaching resource text

data collected by crawlers, making the knowledge graph more complete. This article
sets up to crawl 1000 physics theory teaching web pages, extract entity and relation-
ship triplets through a joint extraction learning model of constructing a knowledge
graph, and then perform entity disambiguation and co referential resolution to com-
plete knowledge fusion. The fused “entity relationship entity” triplets are obtained
and stored in the Neo4j graph database. Its significance lies in improving the accu-
racy of extracting key phrases from webpage text based on the supplemented Fin

Graph knowledge graph, thereby affecting the crawler’s ability to crawl webpage

content that is more in line with the theme. The two complement each other [8].

My SQL database is mainly used to store the webpage information of mobile educa-

tion platform collected by crawler, including webpage URL, title, text, publication

time, source and storage time.
The main detailed process of themed web crawler for data collection of physics
theory teaching resources on mobile education platform is described as follows:

1) The crawler reads the initial URL in the URL queue and sends the request to
the server. After obtaining the response returned by the server, the webpage is
downloaded and the HTML source code is obtained [9];

2) The webpage parsing module analyzes the obtained HTML source code, removes
irrelevant content and structure, and retains the webpage text;

3) The text processing module processes the text of the web page to some extent,
and extracts key phrases in the text with the help of Fin Graph to get the feature
vector of the text of the web page;



Research on Resource Classification Method of Mobile Education 289

4) The search strategy module is used to determine a strategy based on a mixture of
web page content and link structure. It calculates the semantic similarity between
the web page text feature vector and the input topic vector. If the set threshold
is met, the relevant information of the text is stored in the database, and the
page links that meet the requirements are extracted and stored in the URL queue
according to the rules.

5) Finally, determine whether the stop condition has been met. If the URL queue is
empty, the program ends. If the URL queue is not empty, the next URL is passed
to the webpage download section and the program continues to run.

6) The supplementary mechanism module stores a certain amount of physical theory
teaching resource text data on a mobile education platform in a database, and then
inputs these text data into a joint extraction learning model to obtain triplets, in
order to supplement the Fin Graph knowledge graph and achieve data collection
of physical theory teaching resources on mobile education platforms.

2.2 Resource Preprocessing of Mobile Education Platform

Based on the collected data, extract the characteristics of physical theory teaching
resources on mobile education platforms to ensure subsequent classification accuracy.

The TF-IDF algorithm was proposed by Professor Salton in 1973 [10]. It is a statisti-
cal method used to evaluate the importance of a word or phrase to a document or category
in a corpus. The main idea is that if a word or phrase appears frequently in one cate-
gory and rarely in other categories, it is considered to have good category differentiation
ability and is suitable for resource feature extraction.

TF represents the total frequency of a feature item ¢ appearing in document d. In
the early stages of artificial intelligence, the TF algorithm is usually chosen for text
processing of physical theory teaching resources on mobile education platforms. The
formula is as follows:

TF(t,d) =

.d
nf(t ) 0

> fwi,d)
k=1

where, f (¢, d) represents the total number of occurrences of feature item ¢ in document
d, and f (w, d) represents the total number of occurrences of feature item d.

IDF is used to see if a feature item ¢ is ubiquitous in the document. The main idea
is: if the fewer documents contain the feature item ¢, the larger the IDF value, indicating
that the feature has good distinguishing ability. The formula is as follows:

N
IDF (w) = log(1 —i—df) ()
t

Among them, N represents the total number of documents in the corpus, and df;
represents the number of documents containing feature item ¢.

TF-IDF evaluates feature terms from two aspects during calculation. The weight of
feature item ¢ increases proportionally with its frequency in the corpus, but at the same
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time decreases inversely with its frequency in the corpus. The complete formula is as
follows:

IF — IDF = IF(t,d) x IDF(t) 3)

It can be seen from the definition of IDF formula that IDF mainly considers the
category differentiation of feature item ¢ from the perspective of the whole corpus set,
and lacks consideration of the distribution of feature item # among classes, thus affecting
the classification accuracy.

Since the traditional IDF calculation method does not consider the distribution
between classes, an improved IDF calculation method is proposed here. The logarithmic
molecule of the IDF formula is changed from the number of the whole document set
to the number of all documents under a certain category, and then the IDF value under
each category is calculated separately, and then the IDF value of all categories is used
for variance calculation D(#), the specific formula is as follows:

m

3" (IDF(t, ¢;) — IDF (1))?

D@y = =1 . )

Among them, D(f) represents the distribution of the concentration degree of fea-
ture item ¢ in different categories of text sets. It can be seen that the value of D(¢) is
inversely proportional to the distribution of feature item ¢ in different categories. The
less concentrated the feature item is, the better the degree of differentiation, and the more
representative it is of a class. The improved formula is as follows:

IF — IDF = IF(t,d) x IDF(t) 5)

The whole mobile education platform physics theory teaching resource data set is
trained by the word vector model, so as to obtain the word vector of each feature item ¢.
The word vectors of feature item ¢ appearing in text w; are summed respectively to obtain
the sentence vector R(w;) of text w;. Where, word2vec(t) indicates the word vector of
the feature item z.

R(w;) = ZwordZvec(t), tew; (6)
'

Then, the improved TF IDF ‘formula is used to weight the word vector and obtain
weight_R(wy;).

weight_R(w;) = word2vec(t) x weight;, weight; = TF — IDF (7

The feature extraction process of physics theory teaching resources on mobile
education platform is as follows.

Input: mobile education platform physics theory teaching resource data set c,
document set D; of each category, and each text d;, optimal feature item set 7.

Output: Resource feature extraction results.
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1) The sentences in the data set of physics theory teaching resources on the mobile
education platform are processed by word segmentation, words that do not belong to
the optimal feature set 7 are filtered out, only words belonging to the optimal feature
set T are reserved, and the results are saved in the Word2Vec training model;

2) Train the Word2Vec model on the model and set the size length to 50;

3) Calculate the IDF values of each feature item in the optimal feature set in different
categories of documents;

4) Perform variance calculation on the IDF value of each feature item ¢, and then multiply
it by its corresponding TF value to form the improved TF-IDF’;

5) The word vectors trained using the Word2Vec model represent each text, and TF-IDF’
is used to weight each feature item that appears in the text;

6) Return the text vector representation matrix and use it to extract the characteristics
of physics theory teaching resources on mobile education platforms.

2.3 Resource Classification of Mobile Education Platform Based on Improved
Integrated Learning

Ada Boost ensemble learning algorithm adopts Boosting ensemble idea, which links
up multiple classifiers in series. With two weights, namely sample weight and base
classifier weight, Ada Boost ensemble learning algorithm can achieve key learning of
the misclassified samples, so as to improve the classification effect of resources on the
mobile education platform. The specific process is as follows.

(1) Initialize the sample weights of the training set of resource data of the mobile
education platform, so that all samples have the same weights

1,
Dy = (Wi, Wiy oo, Wig), Wi = = L,2,...,m ()

(2) Train the base classifier using a training set of mobile education platform resource
data samples with a weight of D, to obtain the r weak classifier D;(x).

(3) Calculate the classification error rate of D;(x) in the mobile education platform
resource data training set:

e = P(Gilxy) # yi) = ) _ Wil (Gi(x)) # i ©)

i=1

The weight of weak classifier D, (x) in strong classifier is calculated according to the
classification accuracy of weak classifier

1 l—et

a,:iln

(10)

22

(4) Update the weights of the samples in the training dataset based on the results of
the previous iteration

Dip1 = Wikt 1s oo, Wit oo Wi 1) (11)
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"
Wit = % exp(—,y:iGy(x7)) (12)
t

where, Z; represents the gauge factor.
(5) Construct the linear combination of weak classifiers for resource classification
of mobile education platform, specifically as follows:

T
f®) =) G (13)
i=1

(6) The final strong classifier for resource classification on mobile education
platforms is as follows:

T
G(x) = sign(f (x)) = sign (Z a,G,(x)) (14)

i=1

It can be seen from the above process that the key of Ada Boost integrated learning
algorithm is adaptive dynamic updating of sample weights, and samples of resource
classification results on different mobile education platforms have different weight
updates.

When the sample prediction is correct:

w

Wil = —= exp(—ay) (15)
Z

When the sample prediction is incorrect:

Wi = 2 explt) (16)
Z
where o; > 0.5, when the classification of resource data samples on the mobile education
platform is correct, the weight of the samples will be reduced; when the classification
of resource data samples on the mobile education platform is wrong, the weight will
also increase, so as to realize the focus of learning on the wrong samples. However, in
the unbalanced data classification problem, due to the small number of minority sam-
ples, the standard machine learning algorithm which takes the overall optimization as
the optimization strategy is easy to classify the minority samples incorrectly. There-
fore, through multiple learning, better identification results of minority samples will be
obtained compared with other ensemble learning models.

The traditional machine learning classification algorithm takes the improvement of
the overall classification accuracy as the optimization goal, and treats the misclassifi-
cation cost of each type of sample equally in the loss function, but in the unbalanced
classification problem, this is not very appropriate. Moreover, in imbalanced data, the
error cost of misclassifying minority samples into majority samples is much higher than
that of misclassifying majority samples into minority samples. For imbalanced classifi-
cation problems, different types of misclassification costs should be treated differently
based on the consideration of misclassification costs, in order to achieve the minimum
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comprehensive misclassification cost. Therefore, in the imbalanced data classification
problem, the difference in misclassification costs of samples from different categories
is fully considered, and cost sensitive learning is introduced to transform the learning
objective of the classification algorithm from reducing overall error to reducing classi-
fication costs. Cost sensitive learning can be divided into input stage introducing cost
sensitive learning, algorithm stage introducing cost sensitive learning, and output node
introducing cost sensitive learning based on the timing considered.

The cost sensitive learning is introduced into the algorithm, the algorithm is
improved, the loss function is modified, and the change of the optimization objective of
the loss function is used to realize the effective identification of a few types of samples
while ensuring the overall accuracy, and FP and FN in the confusion matrix are treated
differently. That is:

R = R(i,j) * L(FP) + R(j, i) * L(FN) (17)

Among them, R(i, j) represents the loss cost when Class j is misclassified as Class
i, R(j, i) represents the loss cost when Class i is misclassified as Class j, and R(i, j) #
R(i,j). x represents an instance. If j = i, it indicates that the model classifies mobile
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Obtain classifier weights

v
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Output mobile education platform resource classification results

.

End )

Fig. 2. Resource Classification Process for Mobile Education Platform
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education platform resource samples correctly. The cost sensitive classification loss
function involved in this concept no longer takes the overall mobile education platform
resource classification accuracy as the optimal goal, but the expected cost of classification
is the smallest, namely:

argmin E(x,y) : C[tyR(x)] (18)

where, E represents the expected cost of classification, C represents the unbalanced
data distribution, R(x) represents the structural risk value of x, and #,g(y) represents the
misclassification cost of a certain category. In order to achieve the iteration process
to achieve the specified class of samples in the loss function to increase the discourse
power, to achieve the focus of the iteration process. The resource classification process
of mobile education platform is shown in Fig. 2.

3 Experimental Design

The configuration of the experimental platform in this article is diverse, mainly conduct-
ing simulation experiments on computers. The specific operating system is Windows
10, and Pandas is used as a tool for reading and preprocessing file data. The specific
experimental environment is shown in Table 1.

Table 1. Experimental environment

Environment name Environment configuration
Operating system Windows 10

CPU Inter CoRE i5-5200U
GPU NVIDIA GTX 1650
Memory 16 GB

Programming language Python 3.8

Integrated development environment Pych

The types of experimental sample data selected during this experiment are as follows:
Type 1: Text Data

1) Image data: Course name and introduction of physics theory: Describe the name and
main content of the course to help students quickly understand the overview of the
course.

2) Textbook content: including chapters, class hours, and knowledge points, to help
students learn and master the course content.

3) Study notes: This includes notes, insights, and summaries of students’ physics theory
courses, which helps them review and consolidate course knowledge.

4) Teacher’s handouts and lesson plans: including teacher’s handouts and classroom
lesson plans to assist teachers in lesson preparation and teaching.
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5) Evaluation and feedback: This includes students’ evaluation and feedback on physics
theory courses, which helps to provide feedback, improve and improve course quality.

Type 2: Audio data

1) Course audio: including the recording and explanation of the physics theory course,
students can listen to the class anytime and anywhere through mobile devices.

2) Teaching audio: including teachers’ lectures and answers, to help students better
understand and master the content of physics theory course in learning.

3) Evaluation and feedback: including students’ evaluation and feedback on the physics
theory course, which is helpful to provide feedback and improve and perfect the
quality of the course.

4) Voice interaction: including voice assistant and voice recognition, to help students to
carry out interactive learning, improve the interest and effect of learning.

Type 3: Video Data

1) Course video: including videos recorded for physics theory teaching, which can be
watched anytime and anywhere through mobile devices.

2) Teaching video: including teacher’s explanations, demonstrations, problem-solving,
etc., to help students better understand and master the content of physics theory
courses during learning.

3) Evaluation and feedback: This includes students’ evaluation and feedback on physics
theory courses, which helps to provide feedback, improve and improve course quality.

4) Virtual simulation videos: including virtual simulation experiments, virtual demon-
strations, etc., can provide more vivid and vivid learning methods.

Type 4: Evaluation data

1) Evaluation data of mobile education platform refers to students’ evaluation data on
courses and teaching, which mainly includes the following contents:

2) Course evaluation: including the evaluation of the difficulty, learning content,
curriculum setting and other aspects of the physics theory course.

3) Teaching evaluation: including the evaluation of teachers’ explanation, solution,
guidance, interaction and other aspects.

4) Teaching environment evaluation: including the evaluation of physical theory teach-
ing classroom environment, learning equipment, learning atmosphere and other
aspects.

5) Evaluation of learning experience: including evaluation of learning style, learning
effect, learning resources, sense of experience and other aspects.

Type 5: Behavioral Data
The behavior data of mobile education platforms refers to the learning and operational
behavior data of students on the platform, mainly including the following content:

1) Learning records: including students’ learning duration, visit frequency, learning
content, learning progress, etc.

2) Learning interaction: including interaction between students and teachers, interaction
between students, etc., such as questioning, discussion, etc.
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3) Learning outcomes: including homework, exam, experimental data, and other out-
come data during the student learning process, reflecting the student’s learning
outcomes in a timely manner.

4) Operational behavior: including students’ click behavior, search behavior, collec-
tion behavior, evaluation behavior, etc., reflecting students’ interest and inclination
towards learning resources.

Each experimental sample data category contains 10,000 records, with 80% ran-
domly designated as the training set and 20% as the test set respectively. After training
the simulation software, the data of the test set is input into the simulation software to
obtain the relevant experimental results. The method of literature [3], literature [4] and
the method in this paper are used as experimental comparison methods, and the accuracy
rate, recall rate and classification time of different methods are compared to verify the
effectiveness of this method.

Classification accuracy rate refers to the proportion of all samples classified as a
certain category, which really belongs to that category. Itis one of the important indicators
to evaluate the performance. The higher the classification accuracy rate is, the higher
the proportion of the samples of this category is correctly classified by the classification
method, and the higher the classification accuracy is. The comparison results of the
accuracy rates of the methods in literature [3], literature [4] and the methods in this
paper are shown in Table 2.

Table 2. Precision Comparison Results (Unit: %)

Number of experiments | Reference [3] Method | Reference [4] Method | Proposed method
1 75.6 81.3 96.8
21 76.3 80.6 97.2
41 74.9 84.7 98.7
61 72.5 81.3 95.6
81 73.4 81.4 96.1
Mean Value 74.5 81.9 96.9

By analyzing the results in Table 2, we can see that with the increase of experiment
times, the accuracy rates of the three methods all show a fluctuating trend. Among them,
the average accuracy rate of the method in literature [3] is 74.5%, the average accuracy
rate of the method in literature [4] is 8§1.9%, and the average accuracy rate of the method
in this paper is 96.9%, which is much higher than that of the experimental comparison
method, indicating that the method has a high accuracy for the classification of resources
on mobile education platform and good practical application effect. The reason is that this
method uses cost sensitive learning to improve Ada Boost Ensemble learning algorithm
to achieve resource classification of mobile education platform by extracting relevant
resource characteristics. Therefore, the classification accuracy of this method is high.

Classification recall rate refers to the percentage of all samples that actually belong
to a class that are classified into that class. It is another important index to evaluate the
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performance of the classification method. The higher the classification recall rate is, the
better the classification method can capture the samples of this category, and the better
the classification effect is. The comparison results of the recall rate of the method in
literature [3], literature [4] and the method in this paper are shown in Table 3.

Table 3. Comparison results of recall rate (unit: %)

Number of experiments | Reference [3] Method | Reference [4] Method | Proposed method
1 86.3 79.6 98.7
21 854 86.3 95.6
41 85.6 85.2 94.7
61 84.8 81.3 97.6
81 81.7 80.7 97.5
Mean Value 84.8 82.6 96.8

By analyzing the results in Table 3, we can see that with the increase of experiment
times, the recall rates of the three methods all show a fluctuating trend. Among them,
the average recall rate of the method in literature [3] is 84.8%, that of the method in
literature [4] is 82.6%, and that of the method in this paper is 96.8%, which is much
higher than the experimental comparison method, indicating that the method has a higher
recall rate and better classification quality for the mobile education platform resources.
The reason is that this method uses cost sensitive learning to improve Ada Boost Ensem-
ble learning algorithm, and combines the resource feature extraction results to achieve
resource classification of mobile education platform. The improved Ada Boost Ensem-
ble learning algorithm has the advantages of improving classification accuracy, handling
unbalanced data sets, enhancing robustness, maintaining interpretability and adjustabil-
ity, and using parallel computing capabilities in resource classification. These advantages
make the improved Ada Boost algorithm an effective and feasible method for resource
classification tasks, resulting in a higher recall rate of classification results.

Classification time index refers to the time index required to classify resources of
mobile education platform in the process of data processing. In order to improve the
efficiency and accuracy of classification, these indexes should be evaluated and optimized
during resource classification of mobile education platform. The comparison results
of resource classification time of mobile education platform based on literature [3],
literature [4] and this paper are shown in Fig. 3.

The analysis of experimental results in Fig. 3 shows that with the increase of exper-
iment times, the resource classification time of the three methods of mobile education
platform also changes to some extent. Among them, the minimum time of resource
classification of mobile education platform in literature [3] is 5.3 s, the minimum time
of resource classification of mobile education platform in literature [4] is 4.5 s, and the
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Fig. 3. Comparison results of classification time consumption

minimum time of resource classification of mobile education platform in this paper is
2.1 s, indicating that the resource classification of mobile education platform in this paper
is shorter and more efficient. The main reason is the introduction of the improved Ada
Boost Ensemble learning algorithm, which can realize parallel computing in resource
classification, so the classification time of this method is always kept at a low level.

4 Conclusion

With the popularization of mobile internet and intelligent terminals, more and more
educators are beginning to realize the importance of mobile education platforms in edu-
cation and teaching. Especially in the field of physics theory teaching, the advantages
of mobile education platforms are particularly evident. Through mobile education plat-
forms, students can learn at any time, anywhere, and according to their own learning
progress and interests. The research on resource classification methods for mobile educa-
tion platforms for physics theory teaching has become one of the hotspots in the current
education field. Therefore, this article proposes a mobile education platform resource
classification method for physics theory teaching. The experimental results show that
the accuracy and recall of this method are high, and the classification time is short.
It can achieve accurate and fast classification of mobile education platform resources,
promoting further improvement of physics theory teaching level. However, the resource
classification methods studied for mobile education platforms still face some challenges
and shortcomings, such as a lack of consistency and standardization, improvement in
classification accuracy, and difficulty in resource evaluation and quality assurance. Future
research can focus on addressing these issues, improving the accuracy, personalization,
and quality of resource classification, in order to provide a better learning experience
and support.
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Abstract. Aiming at the problem of poor sharing effect of modern pottery teach-
ing resources, this research proposes and designs a pottery teaching resource shar-
ing platform based on classroom behavior analysis. In terms of hardware, the API
sharing interface is designed, the information transmission master station is con-
nected to the collection device through GPRS public network communication
channel, and the structure of XML parser is designed to realize cross-regional
resource sharing. In terms of software, the Grobeis criterion is used to pre-process
the teacher-student interaction graph data and determine the resource center. The
sharing center determined according to the classroom behavior of the interac-
tive map and the ranking method of the remote sharing mode of resource library
resources are established to realize the integration of teaching resources. The
experimental results show that the maximum shared resource of the platform is
4500bit, which proves that the proposed method has a good resource sharing effect.

Keywords: Classroom Behavior Analysis - Ceramic Art - Teaching Resources -
Sharing Platform

1 Introduction

The rapid development of Internet technology has provided new teaching means for
traditional education. Teaching resource sharing technology has been widely used in
various fields. Its application in ceramic teaching has effectively improved the limitations
of traditional ceramic art teaching resource sharing. In the context of mobile Internet
+ education, a variety of learning based teaching resource platforms are in full bloom,
including MOOC, micro classes, online open courses, etc. These platforms provide
learners with a good autonomous learning environment.But educators often ignore the
construction of another type of teaching resource platform, which is the data based
teaching resource platform.
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Year after year, day after day, data based teaching resources are increasing, and their
storage, classification, sharing, and use are all topics that need special consideration
at present: first, although all majors or teachers now save these teaching achievements
every year in the form of burning CDs or computer storage, this traditional data storage
method has virus threats, hardware damage. The storage device is unstable, the space is
limited and cannot be shared. Once the course is over, over time, these precious teaching
resources will sink into the sea and no one will care about them. Second, the traditional
way of storing data on hard disk or optical disk is basically privatized. Except that all
teachers can obtain the teaching results of their subjects, other professional teachers
and students cannot directly or timely obtain effective resources or information, result-
ing in the problem of asymmetric information resources in education, which leads to
repeated waste of resources. Third, in terms of the transformation of teaching achieve-
ments, the evaluation, exhibition, competition and other forms each semester can not
let more enterprises understand the works designed by the school, but at best it is only
a small exhibition within the school. This situation directly leads to the fact that stu-
dents’ teaching resources are hard to see and unknown to outsiders, resulting in a huge
waste of design resources, which is not conducive to the effective connection between
teaching and the market. Therefore, building a shared platform for data based teaching
resources is also a necessary means to further deepen teaching reform and speed up edu-
cation informatization. Through sorting, summarizing and surfing the Internet of various
teaching resources, a new open and shared network sharing platform can be formed.

At present, the heterogeneous data fusion algorithm based on BP neural network is
proposed in literature [1]. This algorithm takes variable factors as input factors, obtains
relevant data by screening factor variables, and combines neural network data fusion
technology to fuse heterogeneous network information on this basis. The heterogeneous
data sharing algorithm based on the twin neural network proposed in literature [2] uses the
relationship based heterogeneous network information sharing model, uses the multitask
twin neural network, approximates the similarity of the same and different nodes to low
dimensions, and uses the multitask twin neural network to realize the deep sharing of
multiple nodes. Literature [3] proposed a fusion method based on privacy protection. This
method uses BGN encryption system to share the key, and shares the encrypted data to the
perception platform through differential privacy awareness data. However, the current
three methods are vulnerable to cross platform operations between different formats of
information when exchanging different information, and the amount of computation is
large, which tends to shorten the network life and lead to poor information exchange
results. Therefore, a ceramic art teaching resource sharing platform based on classroom
behavior analysis is designed.

2 Platform Structure Design

The ceramic art teaching resource sharing platform based on classroom behavior analysis
provides users with better resource sharing services, integrates rich ceramic art teach-
ing resources, improves the utilization rate of teaching resource sharing, and solves the
problems in teaching resource storage. There are two design functions of the ceramic
art teaching cloud sharing plaorm, one is to meet the needs of users for resource utiliza-
tion, the other is to provide users with personalized cloud sharing service experience to
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meet the needs of communication between users [4]. The basic functions of the platform
design include resource browsing, resource query, resource download and other func-
tions. Users can search the required resources in the platform according to the keywords
of information. In order to meet the needs of user communication, the platform has
added instant chat, personal space and other functions in the function design to meet
the requirements of personalized learning of users. The function of community learning
module is added to the functional design of the platform, and websites such as QQ space
are introduced for teachers and students to use, which promotes students’ enthusiasm
for learning and strengthens the exchange of learning between teachers and students
[5, 6]. Through cloud services, teachers and students can achieve two-way real-time
interaction, and students and teachers can experience the fun of learning anywhere. The
structural design of ceramic art teaching resource sharing platform based on classroom
behavior analysis is shown in Fig. 1.

Cloud Service Provider
Management
layer
Platform resource Hardware USER
Management | management | support
A
API interface
A
Resource
layer
‘ Sourcel ‘ ‘ Source2 ‘ ‘ ‘ ‘ Sourcen
A
A
Service XML Resource
layer parser Sensor Portal Website
structure

Fig. 1. Structure of ceramic art teaching resources sharing platform

The system platform is a service layer for users, which provides users with a resource
sharing interface. Users can access, browse and download ceramic art teaching resources
cloud sharing platform anytime and anywhere through mobile terminal devices such as
computers and mobile phones. Users can download ceramic art teaching resources they
need at any time and any place. The use of cloud platform in ceramic art teaching
resources allows users of mobile terminals to access resources and improve users’ expe-
rience. Cloud sharing services promote the sharing services of ceramic art teaching
resources [7]. Users can query and visit ceramic art teaching resources through the web-
site through the keyword search function, which is fast and accurate. The sharing service
of the cloud platform can not only provide users with the function of resource access,
but also provide users with personalized services. Compared with traditional resource
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sharing platforms, the cloud sharing platform not only meets users’ needs for resource
access and download, but also provides the function of communication between users.
It attaches more importance to the application of user interaction.

2.1 Sharing Management

The management layer manages the cloud sharing platform of ceramic art teaching
resources. The cloud service provider provides the management layer with the architec-
ture based on the Pass platform. The cloud service provider also provides the manage-
ment layer with hardware equipment, storage and other services, and the cloud service
provider is responsible for management. The managers of ceramic art teaching resources
can easily manage platform resources, services and accounts through API management.
The management of accounts is mainly to allocate legal and authorized authentication
IDs, and users can access the resource pool by applying for IDs [8]. An API interface is
designed in the sharing management layer, as shown in Fig. 2.

User terminal

API interface

Server

‘ Response%ResponseﬁResponseﬁ

¢ Request¢ Request ¢ Request ‘

Database

Fig. 2. Schematic diagram of API interface of management layer

In the resource management layer, applications and resources are decoupled through
API interfaces, ensuring the stability of the front-end application system, so that it will
not be disturbed by the back-end heterogeneous resource environment, nor affected
by changes in the implementation technology. In this way, resource management and
applications can be separated, while ensuring the stability of the management interface.

2.2 Shared Resource Layer

The resource layer is the key layer for the integration and summary of ceramic art
teaching resources. The design advantage of the platform system is to improve the
utilization efficiency of resource sharing, facilitate users’ access to ceramic art teaching
resources, make the storage of ceramic art teaching resources more secure, and save
manpower and material resources [9]. The resource layer provides resource services for
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the cloud sharing platform. It collects ceramic art teaching resources and stores them in
the cloud resource pool in a virtual way. The teaching resources in the resource pool are
shared by various institutions. Users submit their own resources to the resource pool for
sharing with other users after being approved by the cloud platform.

The physical structure of the acquisition system used by the shared resource layer is
shown in Fig. 3.

‘ Application server ‘
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Fig. 3. Physical Structure of Acquisition System

As can be seen from Fig. 3, logically, the resource acquisition system is divided into
the main sharing layer, the secondary sharing layer and the auxiliary sharing layer. The
platform is connected to other application systems through interfaces. The acquisition
master sharing layer mainly uses the GPRS public network communication channel,
which supports the information interaction between the master sharing layer and the
slave sharing layer, and is the connection between the information transmission master
station and the acquisition equipment. GPRS public network communication is a 32-
bit wireless module, which uses an embedded operating structure to provide an RS232
interface for the system, facilitate direct connection with serial devices, and realize rapid
transmission of resources [10]. The auxiliary sharing layer has metering and statistics
functions. It is divided into N terminal layers to be responsible for resource collection
and realize resource interaction between different users.

2.3 Shared Service Layer

In order to facilitate the rational use of resources, a set of template mapping between
resource database patterns is designed. XML analysis software is used to read, write,
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count and report XML resources, which solves the problems of heterogeneous conflict
and cross platform resource exchange in the process of resource exchange and resource
processing, and realizes resource transmission at any time and anywhere.

XML parser structure, as shown in Fig. 4.

Source
1

Source
2

Source
n

Uniform interface

Resource Distributor

Parser

|

Parsing
information
1

Parsing
information
2

Parsing
information
n

Fig. 4. XML parser structure

As shown in Fig. 4, in an XML document, the parser will scan the internal or external
subset of the declaration to establish a syntax tree. The syntax tree stores the attributes
in the XML validator and stores the syntax tree information in the array.

Redundant arrays are resources stored in different locations of multiple disks. These
resources overlap evenly to improve the system performance. The system fault tolerance
performance is improved by increasing the average time between disk failures. Use dual
storage disk cabinets to store resources on local disks, and use the replication function
of dual storage arrays to back up the stored resources to other storage arrays to ensure
that resources will not be lost.

3 Platform Function Realization

3.1 Determination of Sharing Center Based on Interaction Map Classroom
Behavior

In order to more intuitively see the comparison of teacher talk, student talk, technology
application and silence behavior time share in ceramic art class, it is necessary to analyze
the teacher-student interaction map. First, use the Grobeis criterion to preprocess the atlas
data. The formula is:

B
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In formula (1), B indicates the quantity of data; / indicates the number of calculations.
Using the i-FIAS analysis program matched with the i-FIAS interaction analysis system,
the original code table is imported into the analysis program, and the corresponding
teacher-student interaction map is obtained, as shown in Fig. 5.
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Fig. 5. Interaction map between teachers and students

In the teacher-student interaction map in Fig. 5, the ratio of teacher’s language five
minutes before class is significantly higher than that of other behaviors, which indicates
that teacher’s language is mainly used during this period. From the 5th minute to the 15th
minute, the ratio of teachers, students and technology accounted for a certain proportion,
indicating that teachers interacted with students through the use of technology during
this period. From the 15th minute to the 23rd minute, the teacher’s language ratio is
significantly higher than other ratios, which indicates that most of the time in this ten
minute period is dominated by teachers’ teaching. From the 23rd minute to the 33rd
minute, the teacher’s language, student’s language and technology ratio intersect in
turn, indicating that the teacher-student interaction is very active during this period, and
technology application also accounts for a certain proportion. From the 33th minute to
the 36th minute, the ratio of silence beneficial to teaching is significantly higher than the
ratio of teachers’ and students’ language and technical behavior, which indicates that
students are mainly silent and self-study practice during this period. Between 36—40, the
teacher’s language ratio, silence ratio and student’s language ratio intersect one by one,
indicating that teachers and students are interacting during this period of time, while
in the last period of time, the teacher’s language ratio is far greater than the student’s
language ratio, indicating that teachers are summarizing the classroom at the last period
of time.

Based on the results of classroom analysis, the ceramic art teaching resources sharing
center was determined. First of all, the Resource Sharing Center integrates a variety
of resource management technologies, adheres to the principle of resource centric in
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technology selection, and does not blindly pursue the basic principles of advanced, fast,
and clear order. For many fields of circular economy, especially in market regulation,
the requirement for resource consistency is not high, and the key is integration. It pays
attention to the high availability of resources and the scalability of the structure. Technical
factors such as resource sharing in the large resource supply chain. Data visualization is
also an important part of resource data processing. Its main purpose is to present the data
integration in an easy to understand form on the circular economy integration platform,
which is the specific expression of the integrated data. Then, the integrated resource can
be processed on various resource receiving devices.
Based on this, the Content Center is determined as follows:

1

1
0= .
log(1+ %) N
> om
m=1

In formula (2), m is the number of attribute values in the local ontology; n is the
total number of all local noumenons; NN is the total number of attribute values in all local
ontologies. Through this formula, the sharing center of classroom behavior based on
interaction map can be determined.

2)

3.2 Integration of Teaching Resources

According to the determined sharing center based on the interaction map classroom
behavior, the teaching resource integration mechanism is established by establishing
the sequencing method of the remote sharing mode of resource library resources. The
specific process is as follows:

Set the threshold and iterative adjustment parameters, and construct acomplementary
judgment matrix when the time is 0:

EM) = (E()y) 3)

mxn

In formula (3), E(7);; represents the judgment matrix j at point i.

Obtain the minimum non negative deviations ai(.t)_ and ai(j[)+. Calculate the consis-

tency index and optimal weight vector of the complementary judgment matrix according
to the following formula:

- 0+
2 lei —e )
ig

yE)=—""—"— 4)
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Informula (4), ei(j[)_ , ei(jt)+ represent the minimum non negative and non positive devi-

ation respectively. Output the complementary judgment matrix and consistency index,
and sort the data to be integrated according to the value.

When two sorting arrays have the same dimension, the size difference between
them is only a constant, which is compatible array. Only compatible arrays can perform
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resource fusion. When merging qualified resources, the calculation result of resource
fusion degree between heterogeneous networks is taken as the basis, and the formula is:

1[M; — M; 7
j

-
= M
YTIM Sam

In formula (5), M represents teaching resources; M;, M; represents the teaching
resources j listed in i; ¢ is a Normal distribution function.When the calculation result of
the formula is close to 0, it indicates that the coincidence degree of these two resources
is large, and the integration effect of these two resources is good.

3.3 Sharing of Teaching Resources

On the basis of bionics principles, with ant colony as the optimization goal, and according
to the distribution law of ant colony, the distribution of ant colony is constantly adjusted
to achieve the goal of searching. Therefore, a platform sharing technology based on ant
colony algorithm is proposed. The detailed process is as follows:

Step 1: Initialize the parameters, train the ceramic art teaching resource sharing
process, and construct the ant colony adaptive function. In the shared platform, the input
terminal contains only one neuron, which is responsible for the overall output of the
neural network. The adaptive function input obtained from this can be expressed as:

t
a1 (t) =y wiag(t) 6)

k=1

In formula (6), wy represents the weight of k; ay (f) represents the input result at
sampling time ¢. The corresponding output layer is:

1 ag+1(t) > 1
bi1(1) = § axr1(1) =1 < apq1 (1) < 1 (N
1 ap+1() < —1

The result obtained by formula (7) is equivalent to the overall output of the entire
sharing platform. Through intelligent control of the sharing platform, the difference
between the real input and the expected input of the platform is maximized, that is, the
maximum stable state. With the entity resource type and resource data supply chain in
this state as the only identification, a comprehensive and unique circular supply mode
sharing data cloud is established.

Step 2: In a secure resource data cloud system, resource sharing is necessary. The
processing method for shared resources is mainly to use resource data re encryption,
which combines attribute based encryption sharing with resource re encryption, and
makes full use of encryption algorithms to ensure the security of resource sharing.
Therefore, a secure encryption resource sharing method is designed. In order to ensure
the confidentiality of resources, resources are stored in the cloud after the client is
encrypted by the user using the symmetric encryption method, as shown in Formula (8).

DP = (Ap, Ay, Bp, By) ®)
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In formula (8), Ap, A, are finite non empty sets with encrypted identity and non
encrypted identity respectively; B),, B, are finite time sets with encrypted identity and
non encrypted identity respectively. In this way, unencrypted resources to be shared will
not be exposed during data sharing.

Step 3: In the ant colony algorithm, set guidance parameters and adjust its con-
vergence. When the guidance parameter value is greater than 1, the ant colony will
expand the range and launch a global search; When the guidance parameter value is less
than 1, the ant colony will shrink and concentrate on hunting. The guidance parameters
are determined by the convergence factor, so the convergence factor can have a great
impact on the improvement results of the ant colony algorithm. Based on this situation,
a nonlinear convergence factor is proposed, and the expression formula is:

A = hg - elma) ©)

In formula (9), Ao represents the initial convergence factor; max d represents the
maximum number of iterations; e is the derivative. At the initial stage of the algorithm,
with the increase of the number of iterations, the convergence factor presents a nonlinear
trend of slow first and fast later. At this time, the convergence factor decreases slowly,
which also indicates that the proportion of iteration a > 1 is large, and then the Ant
colony optimization algorithms also has a strong global optimization capability, which
can obtain an efficient resource matching effect.

Step 4: In order to achieve uniform sharing, it is necessary to introduce different
sharing radii in the shared nodes to reduce the number of “hot zone” problems.The
formula for calculating the shared radius is:

Wo—W  Smax — S’
Wo Smax — Smin

r=1 P (10)

In formula (10), W', Wy represent the initial and current energy of the node respec-
tively; S’ represents the distance between any two nodes; Smin, Smax represent the nearest
and farthest distance of any two nodes in all nodes respectively; p indicates node density.
The shared node uses the existing data to construct a new node, and takes it as the initial
shared leader node. After the initial leader node is determined, broadcast the leader node
message. The unselected leader node will no longer be in sleep state, and select the
leader node with the lowest communication cost to complete the creation of the shared
radius.

Step 5: Visually operate the resource database, extract the data of each resource
to the general data center interface according to the data resource association database
and the objectified circular sharing of ceramic art professors, visually load the circular
integration data resource platform, combine the multi resource data into a tree like
circular structure, and at the same time establish index mapping for each resource,
establish resource sharing index for the platform, and complete resource sharing.
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4 Experiment

4.1 Experimental Environment Setting

The simulation experiment is carried out with Cooja network simulator, which is carried
out under Contiki operating system, uses the message authentication code generated
by HMAC MDS algorithm, and authenticates the data source by combining tinyDTLS
library. The topology used in the experiment is shown in Fig. 6.
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Fig. 6. Experimental Topology

During the experiment, the information delay is not taken into account. The previous
trust value has the same importance as the newly generated trust value in the current trust
value, so the weight factor is set to 0.5. In order to comprehensively evaluate the overall
trust value of the node, without the wrong judgment caused by the high proportion of
direct experience value, the decline of the overall trust value of the normal node caused
by the misinformation of messages can be ignored during the simulation.
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4.2 Source of Experimental Data

The application function in ceramic modeling design teaching is realized under the
support of various software, mainly including 3ds max, Unity, After Effect and other
software, which plays an important role in the setting of virtual scenes in ceramic mod-
eling design teaching. 3ds max software is used in advertising production, film and
television production, industrial design and other fields. It is based on 3D software,
applied to ceramic modeling design, and made ceramic models with the use of modeling
tools. You can also set simulated real lights to render decorative graphics for 3D ceramic
modeling. Unity software can create 3D video games, realize 3D animation and other
multiple interactive functions. Teachers can use this software to release ceramic teaching
courseware to various platforms, which is convenient for students to learn. After Effect
software is an important tool for making dynamic images. Teachers can produce post
synthesis effects when they apply it to ceramic modeling design teaching. The use of
ZBrush software can increase the depth, material, lighting and other special effects of
ceramic modeling design pixels. To sum up, in 2D and 3D, we can see the functions of
digital media software, which fully meets the teaching requirements of teachers in the
production of digital interactive ceramic modeling design courses, realizes the simpli-
fication of courses, and solves the difficulties of traditional digital interactive ceramic
modeling design. It improves the effect of teaching and learning.
Resources are divided into three categories, as shown in Fig. 7.
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Fig. 7. Experimental Resources

The experimental resources are divided into the following three categories:

Class I: production of interactive material models and related maps. The applica-
tion of digital interactive technology in ceramic modeling design requires that ceramic
models can be observed from multiple angles. To meet the demand of multi angle obser-
vation, the real-time rendering model is mainly made by 3dmax, and maps of relevant
models are made with the help of photoshop. In the 3dmax software, the model is made
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according to the porcelain picture that needs to be made.In the demonstration process of
ceramic modeling design under digital interaction technology, only one 3D model can
be displayed and interacted at the same time, and the number of faces of the model is
limited to about 10000. After that, the ceramic modeling map is designed according to
the digital interaction technology.

Class II: the production of ceramic modeling dynamic material model and its anima-
tion. The production of ceramic modeling dynamic material model aims to enhance the
atmosphere of the page. Most of the time, this dynamic material is located at the bottom
of the page, so you only need to make simple model maps.

Class III: Production of static material model of ceramic modeling. Ceramic mod-
eling static materials mainly refer to various pictures. In order to save memory, these
pictures need to be sorted into a large picture. When a picture is needed, read out the
required part from the large picture. Through text information retrieval in the engine,
unnecessary consumption caused by heavy reading can be avoided.

In this study, these three types of resources were extracted as data samples, and
their memory size was 80 GB, which was carried out in the experimental environment
designed in 4.1. Heterogeneous data fusion algorithm based on BP neural network, het-
erogeneous data sharing algorithm based on double neural network and fusion method
based on privacy protection were selected as comparison methods to carry out com-
parative experiments, and the practicability of the proposed methods was verified by
comparing the sharing effects.

4.3 Experimental Results and Analysis

Compare the resource sharing effect of the four methods. The comparison results are
shown in Fig. 8.

It can be seen from Fig. 8 (a) that the maximum shared resources of Class I, Class
IT and Class III using this method are 1800 bit, 1900 bit and 1700 bit respectively; from
Fig. 8 (a), it can be seen that the maximum shared resources of Class I, Class Il and Class
IIT using this method are 3100 bit and 2500 bit respectively. As can be seen from Fig. 8
(c), the maximum shared resources of Class 1, Class 2, and Class 3 using this method
are 3500 bit, 3500 bit, and 3700 bit, respectively. It can be seen from Table 8 (d) that
the maximum shared resources of the first, second and third levels using this method are
4500 bit, 4500 bit and 4500 bit respectively, and their minimum values are also greater
than 4000 bit. Thus, it can be proved that the proposed platform for resource sharing has
the best sharing effect for the three types of resources. This is mainly because on the basis
of hardware design, it adopts Grobeis criterion to preprocess teacher-student interaction
data to determine resource center and sharing center, so as to achieve a high degree of
integration of teaching resources and thus improve the effect of resource sharing.
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(a) Heterogeneous data fusion algorithm based on BP neural network
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(b) Heterogeneous data sharing algorithm based on twin neural network
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Fig. 8. Comparison Results of Shared Resources by Different Methods



314 Z.Zhang et al.

B (Class | — 1 Class2 == Class 3
4500, = =W AL &

4000~
35001
3000
25001
2000
15001
1000
500

0 SN BNSE BNSE BNUH BNGE ENUE EE
10 20 30 40 50 60 70 80

Number of shares/time

Shared Resources/bit

(d) Resource sharing platform for classroom behavior analysis

Fig. 8. (continued)

5 Conclusion

The informatization construction of ceramic art teaching resources is an inevitable trend
of ceramic art development. The ceramic art teaching resource sharing platform is an
important part of ceramic art teaching reform. There are many problems in the traditional
resource sharing mode. The ceramic art teaching resource sharing platform designed
based on classroom behavior analysis provides technical support. The experiment proves
that this research platform can effectively improve the sharing efficiency.

The applied ceramic art teaching resource sharing platform based on classroom
behavior analysis has produced positive effects in the application of ceramic modeling
design, provided a new development direction for ceramic design teaching, improved
the technical content of ceramic design, and strengthened the application of various
high-tech.
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Abstract. A new cloud computing based online education system for English
major teaching in universities is proposed to address the issues of poor system
usage and resource storage efficiency in online education systems. The system is
based on cloud computing to construct the overall architecture of the system. The
functions of each layer of the online education system are designed based on the
overall structure. A low redundancy data storage algorithm based on data depen-
dency is introduced to store system resource data. Combined with the CP-ABE
encryption algorithm, the system is designed to share and improve the security
performance of system resources, achieving research on online education systems
for English majors in universities. The experimental results show that the system
has a very satisfactory usage effect with a proportion of over 65.0%. The propor-
tion of abnormal data stored in system resources is only 0.3%, and the probability
of abnormal modification of resource data is less than 0.4% under all three con-
ditions. This verifies that the system has higher system usage efficiency, resource
storage efficiency, and resource data encryption effect. The CPU ratio of the sys-
tem is studied to reduce the ratio and improve the operation effect of the system
in the follow-up research work to further improve the performance of the system.

Keywords: Teaching English Majors in Universities - Online Education
System - Cloud Computing - CP-ABE Encryption Algorithm

1 Introduction

The learning mode carried out under the information technology environment is con-
stantly changing with the rapid development of computer technology and network tech-
nology. Every new technology can bring new learning methods and learning experience
to the field of education. From computer-aided instruction to distance education, and
then to computer network education are all the same [1, 2]. Cloud computing [3, 4]
in this process, a concept proposed by Google for commercial use, it is another new
computing mode after parallel computing, distributed computing and grid computing.
The virtualization technology provided by cloud computing can solve the shortage of
online learning resources and integrate the most abundant educational resources for
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online learning. Online teaching and learning under various “cloud education services”
provided by cloud computing can greatly reduce the configuration requirements for
mobile terminal devices. Therefore, with the development of cloud computing, online
education can break through the bottleneck, usher in new development space, and form
a new online education model - based on cloud computing online education model. This
education model is mainly based on the education system of cloud computing. However,
there are certain limitations in this education system at the present stage. For example,
abnormal data in the resource data stored in the system accounts for a high proportion,
leading to the unavailability of some resource data and the high probability of abnormal
modification of resource data, which indicates that the encryption effect of resource data
is not good and the system has security problems.

Relevant scholars have devoted themselves to in-depth research on this issue. Refer-
ence [5] studied a continuous water cycle ecological impact and remote English education
system based on sequence matching. The system analyzed generation rules, designed
an interface that can provide a free form, and had dynamic feedback function. Using the
cognitive counseling creation tool developed by Carnegie Mellon University, an online
tutoring system based on production rules was designed, Implement the design of the
education system, but the system has poor performance in the actual use process. Refer-
ence [6] studied a constant water cycle ecological impact and remote English education
system based on sequence matching. The system introduced JavaBean components and
designed the system’s software architecture. This paper analyzed the nonlinear model of
water cycle ecology, combined it with English, and designed a remote English teaching
system. The system shortened the development cycle and simplified system maintenance
measures, but its resource storage effect was poor, Mainly due to the high proportion
of abnormal data stored in system resources. Reference [7] studied a virtual reality
action interactive teaching artificial intelligence education system. This study utilized
VR technology to develop a human-machine interactive teaching process design for
learning scenarios, introducing 3D modeling technology, model building, image and
text panel production, video material production, and virtual guided 3D scene estab-
lishment. The principle is to use 3DMAX and Unity 3D engines to build 3D vision,
construct 3D views for educational needs, and design high-quality images and video
animations. Then, we introduced the use of VR glasses, smartphones, and Bluetooth
wireless controllers to build a simple interactive teaching platform. The virtual reality
action interaction effect of this system is good, but its resource data has a high probability
of abnormal modification, which poses a threat to system security.

Aiming at the problems of the above methods, this paper studies a new online edu-
cation system for college English major teaching based on cloud computing. Cloud
computing is introduced into the system. The overall system architecture is built and the
system functions are designed based on cloud computing technology. The system logic
algorithm is designed to realize the functions of the online education system for college
English major teaching according to the system architecture of cloud computing.
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2 Online Education System Based on Cloud Computing Technology

2.1 Opverall System Architecture Based on Cloud Computing Technology

The construction of online education system for college English major teaching based
on cloud computing is to make up for the shortcomings of the current online learning
mode, maximize the integration of rich learning resources, maximize the utilization of
resources, and eliminate the information silo phenomenon as far as possible to improve
the learning efficiency of learners. Therefore, the design of an online education model
based on cloud computing is shown in Fig. 1.

Users and clients

i

Cloud
computing
platform

Online education
system

Users and clients

Users and clients

Fig. 1. Online Education Mode Based on Cloud Computing

According to Fig. 1, the realization of the online education department of English
major teaching in colleges is based on the cloud platform of cloud computing [8]. In the
online education mode based on cloud computing, education units no longer indepen-
dently develop education systems, but enter the cloud service platform through inter-
connection. They can realize uninterrupted access at any time and place by using the
cloud computing services provided by the cloud service platform, and share bandwidth
and education resources with other users in the cloud platform. Cloud computing mainly
provides infrastructure services, including storage, servers, and network devices. It can
manage infrastructure in a unified manner and provide powerful computing power, data
storage space, and network communication resources. End users through a unified user
interface for online education in the cloud computing teaching system. At the same
time, the online education resources of college English major teaching are stored in
the cloud, and the cloud computing platform provider is responsible for the security of
the resources. College education no longer needs to feel anxious about the inaccessible
resources caused by the server failure. Based on this, with the functional needs of stu-
dents and teachers as the core, the overall architecture of online education system for
college English major teaching based on cloud computing technology is designed, as
shown in Fig. 2.
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Fig. 2. Overall architecture of online education system for English major teaching in universities
based on cloud computing technology

The overall architecture of the online education system for English major teaching in
universities based on cloud computing technology is divided into five layers according to
Fig. 2, namely user and client layers, application layers, management layers, data layers,
and facility layers. The user and client layers are the consumers in the cloud computing
system, while the application layer, management layer, data layer, and facility layer are
the supporters and providers of cloud computing. The specific functions of each layer
are as follows.



320 M. Wu

2.2 Functions of Each Layer of the Online Education System

According to the overall architecture of the online education system for college English
major teaching based on cloud computing technology designed above, the functions of
five layers are designed.

1) User and client layer
Users of online learning platforms include students, teachers, and system admin-
istrators. Students can study online on the platform, including browsing courses,
downloading learning materials, taking self-quizzes and discussing learning prob-
lems with teachers or classmates. Teachers use the platform to guide students in
learning, assign homework and communicate online. The system administrator is
responsible for the management of user information, course information, forums and
other related work. As a medium for users to interact with the system, the client not
only refers to personal computers, but also includes mobile devices such as smart
phones. The system provides different interfaces and functions based on the device
type owned by the user. The application of client is becoming more and more exten-
sive with the development of communication network technology and wireless mobile
communication equipment.
2) Application layer
The application layer of the online education cloud platform aims to provide
application software related to education and teaching, that is, education oriented
applications. This layer includes an online education system as the backbone of
the entire system, which does not directly carry and store data content. Instead, it
enters the cloud service platform through the user login portal and calls the inter-
face, using the relevant services provided by cloud computing. The online education
system includes registration and login, public information modules, and interactive
communication modules.
3) Management
The management layer is the core and provides a running environment for the
application layer’s online learning system in the architecture of the online learning
cloud platform, which is an educational oriented application platform. This layer rep-
resents the platform or service layer of cloud computing, using third-party application
platforms launched by the system and deployed on a unified infrastructure. Users do
not need to worry about the reliability, performance, and security of the platform, as
its operation is monitored and maintained by service providers. The platform imple-
ments a load balancing mechanism internally in addition, which can automatically
distribute a large number of request tasks to idle application servers for processing.
This layer provides various services, data persistence storage mechanism and neces-
sary management control functions for user applications, which are mainly realized
by providing programming interfaces. The user, resource, and other data in the online
education system are managed, shared, and interacted with by the components of this
layer through interfaces.
4) Data layer
It as the core of the architecture, the data layer is responsible for storing all
types of data, both structured and unstructured. The core and foundation of online
education system is the construction of educational resources. However, educational
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resources cannot be fully utilized under the condition that each online education
platform operates independently. Unified resource pool for users to share to solve
this problem, data storage services in cloud computing consolidate resources into a
common. The data storage service of cloud computing is provided by a cluster of one
million servers. The storage space can be dynamically expanded as required without
worrying about the capacity. The data layer stores two types of data: structured data
and unstructured data.
5) Facility layer

It as the foundation layer of the entire architecture, the infrastructure layer corre-
sponds to the infrastructure as a service in the cloud computing service layer, which
determines the service scope and service capabilities of online education systems. The
infrastructure layer provides users with hardware resources such as servers, storage
space, and network devices, which are virtualized through virtualization technology,
namely server virtualization, storage virtualization, and network virtualization. This
method can generate multiple virtual machines on a physical server and achieve com-
prehensive isolation between multiple virtual machines, virtualizing storage resources
into a “storage pool”, consolidating many scattered storage resources, and improving
overall utilization. Computer cluster technology virtualizes a unified cloud comput-
ing service platform through unified scheduling management. Its powerful computing
power and massive storage space just meet the growing number of online learning
users, the growing demand for educational resources and the purpose of hardware
resource sharing. By using the infrastructure provided by cloud computing, educa-
tional institutions do not need to consider issues such as servers and storage space,
and it can focus on the development and services of online learning platforms.

Wireless communication network is used to complete the communication in the
online education system architecture based on cloud computing. The mobile learning
system is used by learners to communicate through WIFI or 4G/5G network [9], which
can be the private network of some specialized organizations or the 4G/5G service
provided by network operators.

3 System Logic Algorithms Based on Cloud Computing Technology

After completing the architecture design of the online education system for English
major teaching in universities based on cloud computing, the system logic algorithm
of cloud computing technology is designed to achieve the system’s functions based on
the system of cloud computing technology. The low redundancy data storage algorithm
based on data dependency and CP-ABE encryption algorithm [10] are introduced in this
part. The online education system can store and share educational resources through the
combination of algorithms and the complete system logic algorithm design, so that the
system has application performance.

Firstly, the system designed in this article stores online education digital resource
data for English major teaching in universities, making it easy for teachers, students, and
management personnel to use teaching digital resources during the teaching process. A
low redundancy data storage algorithm based on data dependency was introduced in the
process of data storage design, and the structure of the algorithm is shown in Fig. 3.
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Fig. 3. Low redundancy data storage algorithm structure based on data dependency relationships

The low redundancy data storage algorithm based on data dependency mainly con-
sists of three modules according to Fig. 3, which are data dependency management mod-
ule, fault recovery module and data storage policy management module. Among them,
the data dependency management module records the dependency relationship between
resource data in the school education system. According to Fig. 3, x1, x2, - - -, x,, data
object of educational digital resources is constructed in this module. The data object is
set as A and the dependency relationship of the data object is designed.

X =XiXj, k > j >1i (1)

where, x;, xj represents the data object, belonging to x1, x2, - - -, x, mentioned above, X;X;
represents the directed edge, and x; represents the generated data. According to formula
(1), only when the data object x;, x; points to x; and x;, x; is ready can x; be generated.

After determining the dependency relationship of digital resource data in the online
education system for English major teaching in universities, abnormal data is recovered
through a fault recovery module to avoid unavailability when teachers or students use
resource data. Build the data generated through dependency relationships into a dataset,
with the formula:

X ={x13x2,""xi,xj,xk,"',xn} (2)

After determining the abnormality of digital resource data, the required data objects
are found in the educational resource data set, and the resource data is re-generated by
combining the generation operator. The formula is as follows:

X, = agxp, X € X 3)
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where, o represents the generation operator. Reply to abnormal resource data through
formula (3) to provide the system with usable data.

After the complete system resource data is recovered, the resource data storage policy
is designed in the data storage policy management module, and the formula is:

xk—

4
4, Use the (10,14) erasure code store policy @

. {buxk,x,@),o <b <3

where, by represents the number of copies of the data object.
Considering the resource data storage overhead of online education system for col-

lege English major teaching, the overall storage overhead of online education system is

first determined in order to reduce the storage overhead and optimize the overall overhead

of resource data storage, and the formula is as follows:

d(t) =Y {di() + (1 — B exde(x))) ®)

k=1

where, d;(t) represents the storage cost of recovering faulty resource data, B;(x;) rep-
resents the availability coefficient of resource data, e represents the storage cost factor
of system resource data, and dj (x]) represents the storage cost of system resource data
x;. The overall system storage cost for optimizing formula (5) is as follows:

F(f) = min Z d(x!, 1) (6)

k=1
Formula (4) and formula (6) are combined to obtain the final storage strategy. The
formula is:

, ibk(xk,xp, 0<b <3
)Ck =

- 4, Use the (10,14) erasure code store policy
(7

n
s.t F(t) =min ) d(x{.1)
k=1

where, the (10, 14) erasure code store policy is by storing redundant blocks together with
the original data blocks, which can be recovered in case of data loss, and 4 means that
there are 4 additional redundant blocks for fault tolerance, d (x,/(/ , t) Indicates the storage
cost of system resource data x’ at time 7.

After completing the storage of digital resource data in the online education system
for English major teaching in universities based on cloud computing, design a sharing
algorithm for storing resource data, link the storage and sharing of system resource data,
and achieve system functions. The system sharing considers the security of educational
resource data and adopts CP-ABE encryption algorithm to achieve resource data sharing.

First, select a bilinear group G, the generator is g, the order of the group is a prime
number L, and randomly select x, 8, both of which belong to the addition group G’, and
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then generate the public key and master key of the online education system for English
majors in colleges and universities. The formula is:

M =G,g,0,p,q

M/ — (8, gx) (8)
Among them,
0= g‘S
q=(g, 8"

where, M represents the public key of the education system, and M’ represents the
master key of the education system.

After the public key and master key of the system are designed, the shared access
control tree is designed, and the threshold of the node of the shared access control tree
is set as J, then the access control is:

H=Jx),J(x)=J=1 (10)
Among them,
0<Jr=<n (11)

where, J (x;) represents the node polynomial of data x;” on the access control tree.
Connect formula (8) and formula (10) to generate ciphertext for online education
system, with the formula:

M" = (H,R R R) (12)
Among them,
ﬁ:Sq
R=H(0) (13)

R = H(att(x]))

where, S represents the ciphertext of the education system.
To calculate the attribute private key of an online education system user, the formula
is:

X

T =g +¢°H (14)

where, ¢ represents an element in the additive group G'.
After determining the user’s attribute private key, recursively calculate the system
resource data using the formula:

Derypt(M" M, T, k) = e(g, g)*1® (15)
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where, e(-) represents a recursive function.
Through recursive calculation, the final ciphertext S is obtained, and the formula is
as follows:

_ R-DeryptM", M, T, k)
B e(R,M")
Resource access under system resource data sharing can be achieved by using the
ciphertext obtained above, achieving the purpose of system interaction. So far, the logical
algorithm design of the online education system for English major teaching in universities

based on cloud computing has been completed, and the system functions have been
implemented.

S (16)

4 Experimental Analysis

4.1 Experimental Scheme

The application performance of the system in actual online teaching is analyzed in
order to verify the effectiveness of the cloud-based online teaching system for college
English majors designed in this paper. Therefore, the comparative analysis experiment
is designed. The specific scheme is as follows:

1. Before starting the experimental analysis, it is necessary to prepare the experimental
environment to lay a foundation for verifying the method designed in this paper. The
experimental preparation provides the online course information, system interface,
and experimental equipment configuration.

2. Before analyzing the system performance, it is necessary to test the basic performance
of the system designed in this paper to ensure the normal operation of the system and
avoid affecting the experimental results due to the abnormal operation of the system.

3. After completing the system test, set the experimental parameters to ensure that the
parameter settings are reasonable and scientific.

4. Set experimental conditions. In this step, considering that the number of concurrent
online users may affect the system performance, set three experimental conditions
about the number of concurrent online users. The experimental analysis was carried
out under this condition.

5. Result analysis: After the preliminary preparation, the reference [6] method and the
reference [7] method are used as comparison methods, compared with the method
in this paper, and the effectiveness of system use, resource storage and resource data
encryption are taken as evaluation indicators.

4.2 Experimental Environment

It is necessary to prepare for the experiment before the experiment starts. The object of
the experiment is the online English major teaching course of a university. The system
resource information for the course is shown in Table 1.

The online education system for college English majors designed according to the
method in this paper is shown in Fig. 4.

The experimental configuration is shown in Table 2.

Prepare the experiment according to the above content.
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Table 1. Online Course Information

Serial Number | Name Content
1 System course resource data volume | 50G
2 Resource data type Electronic documents, videos, images,
audio files
Number of course chapters Chapter 12
4 Course arrangement Two classes per week in the afternoon

4.3 Experimental System Testing

It is also necessary to ensure the normal operation of the designed online education
system for college English major teaching based on cloud computing to avoid inaccurate
experimental analysis results due to system problems before starting the experimental
analysis. Therefore, targeted tests are conducted on the online education system, and the
test results are shown in Table 3.

It can be seen that all functions of the system designed in this paper can be used inde-
pendently and run normally according to the test results of the online education system
in Table 3, and the system can run normally when multitasking is concurrent. Therefore,
the system meets the basic application conditions, has the application performance and
can be verified and analyzed.

4.4 Experimental Parameter Settings

Set experimental parameters to avoid different numerical values that may affect the
experimental results. The specific settings of experimental parameters are shown in
Table 4.

Set the experimental parameters according to the values in Table 4, complete the
preliminary work of the experiment, and start the experimental analysis.

4.5 Experimental Conditions

Considering the different effects of the number of concurrent online users on the perfor-
mance of the cloud-based online education system for college English major teaching,
three experimental conditions were set and the experimental analysis was carried out
under the three experimental conditions. The specific experimental conditions are shown
as follows:

Condition 1: The number of concurrent online users of the online education system
is 200;

Condition 2: The number of concurrent online users of the online education system
is 400;

Condition 3: The number of concurrent online users of the online education system
is 600.
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Fig. 4. System Interface

Based on the above three experimental conditions, the system in this paper, the
reference [6] method and the reference [7] method are compared to analyze the effect
of system use, resource storage and resource data encryption.
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Table 2. Experimental Equipment Configuration

Serial Number Name Content

1 Desktop computer Model ThinkCentre neo P600

2 CPU 17-12,700, 2.1 GHz, twelve core

3 Graphics card 6 GB

4 Motherboard Chipset Intel B660, standalone graphics card
5 Operating system 64 bit, Windows 10

Table 3. System Testing

Function Result

Register Normal
Land Normal
Cloud learning Normal
Cloud Video Normal
Cloud Forum Normal
Cloud storage Normal
Cloud sharing Normal
Cloud access Normal
Single-user access Normal
500 users accessing simultaneously Normal
Simultaneous execution of different tasks Normal
Performing the same task simultaneously Normal

Table 4. Experimental Parameters

Serial Number | Parameter | Numerical value | Implication

1 n 1000 Number of educational digital resource data
objects

2 k <1000 The k-TH of the generated data

3 oy (0,1.0) Generating operator

4 er [0,0.874] System resource data store cost factor

5 L 11 The order of the group, which is a prime
number
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4.6 Result Analysis

4.6.1 Analysis of System Usage Effectiveness

Firstly, analyze the effectiveness of the online education system for English major teach-
ing in universities based on cloud computing, which includes resource data storage,
resource data sharing, interaction, cloud learning, cloud video, cloud forum, and cloud
access. Due to the differences in the functions of different literature systems and the
lack of comparability, the analysis of this system ensures a certain degree of reliability
in the experimental analysis by increasing the number of users participating in the use
of the system. The number of users participating in the system usage is 500, and the
experimental results of the system usage effect are shown in Fig. 5.
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Fig. 5. System Usage Effect

The system usage effect in Fig. 5 is the percentage of very satisfied, satisfied, and
dissatisfied users. An analysis of the system use effect data in Fig. 5 shows that the users
of the cloud-based online education system for college English major teaching designed
in this paper give a very satisfied proportion of over 65.0% for different functions of the
system, and the users who are satisfied with the system use effect are less than 10.0%
for the interactive function in addition to 3. While the functions of other systems are
above 20.0%, and the proportion of interactive functions is low, because the users of
this system are very satisfied with 86.2% of the interactive functions. By analyzing the
dissatisfaction of system users, it can be seen that the proportion is only 8.3% at the
highest level and 3.7% at the lowest level, indicating that most users after the system
designed in this paper, The use effect of the homosensory system is good, which verifies
that the use effect of the system in this paper has been recognized and has a certain
feasibility and effectiveness.
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4.6.2 Analysis of Resource Storage Effectiveness

The performance of the system in the storage of educational resource data is further ana-
lyzed on the basis of the above experiments. The effect of resource storage is reflected by
the proportion of abnormal data in resource storage. The lower the proportion of abnor-
mal data, the better the effect of resource storage is. Process of experimental analysis
The system of this paper is compared with the method of literature [6] and the method
of literature [7], and the experimental results are shown in Fig. 6.
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Fig. 6. Resource storage effects of different methods

Abnormal data accounts for less than 3.0% of storage resources in the three systems
according to the effects of different storage methods in Fig. 6, meeting application
requirements. However, among the three kinds of online education systems, the system
designed in this paper has the lowest proportion of abnormal data in resource storage, and
the highest value is only 0.3%. However, among the comparison systems, the abnormal
data in literature [6] system and literature [7] system both account for about 2.0%, and
the lowest proportion of abnormal data in the two systems is only 1.6% and 1.7%. In
this paper, the proportion of abnormal data in resource storage is reduced by more than
1.3%. Therefore, it can be seen that the proportion of abnormal data in resource storage
in this system is the lowest. The experimental results verify that the system in this paper
has better resource storage effect.
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4.6.3 Analysis of Resource Data Encryption Effect

The probability of resource data being abnormally modified is used to reflect the effect
of resource data encryption in order to further analyze the performance of the system and
the effect of resource data encryption in this paper. The lower the probability of resource
data being abnormally modified, the better the effect of system resource data encryption
is. The expected target is that the probability of resource data being abnormally modified
is less than 1.0%. The effect of resource data encryption of the three methods under three
experimental conditions is analyzed, and the experimental results are shown in Fig. 7.

According to the data in Fig. 7, different systems have different effects of resource
encryption under the three conditions, and with the increase in the number of concurrent
online users, the probability of resource data being abnormally modified in the literature
system has increased, while the probability of resource data being abnormally modified
in the system in this paper has not increased, and the numerical curve has been lower
than 0.4%. However, the probability of resource data being abnormally modified in the
literature [6] system and the literature [7] system is above 0.7%, and the maximum
probability of resource data being abnormally modified in the two systems is over 1.0%.
Therefore, the resource encryption effect of the literature system can meet the application
requirements when the number of concurrent online users is small. However, when there
is a large number of online users at the same time, the literature system does not meet
the requirements, while the paper system does.

4.6.4 Effect Analysis of Resource Sharing

After analyzing the resource encryption effect of different systems, the resource sharing
effect of the system designed in this paper is analyzed, and the resource sharing effect
is reflected by the resource sharing rate. The higher the resource sharing rate, the better
the resource sharing effect of the system is shown in Table 5.

According to the data in Table 5, the resource sharing effect of the three methods
is above 95.0%. However, detailed analysis shows that when the resource sharing data
reaches 50G, the resource sharing effect of this method is the highest, reaching 99.6%,
while the resource sharing rate of reference [6] method is only 97.6%. The resource
sharing rate of reference [7] method is 95.1%, and the resource sharing rate of the
proposed method is all above 99.0%. Therefore, the comparison shows that the resource
sharing rate of the proposed method is increased by more than 2.0%, and the experimental
results fully demonstrate that the proposed method effectively improves the resource
sharing effect.
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Table 5. Resource Sharing Effect (%)

Amount of resource data/G | Proposed method | Reference [6] method | Reference [7] method
5 99.7 97.2 95.3
10 99.5 97.3 96.5
15 99.2 97.0 94.7
20 99.6 97.1 95.3
25 99.3 96.5 97.1
30 99.1 97.2 96.8
35 99.5 97.2 95.8
40 99.7 97.4 94.3
45 99.8 97.0 94.0
50 99.6 97.6 95.1

5 Conclusion

A new cloud computing based online education system for English major teaching in
universities has been designed in order to improve the effectiveness of online education
systems for English major teaching in universities and address issues such as poor
storage of system resource data. The system introduces cloud computing. Based on
cloud computing, the overall architecture of the system is designed, and the system
functions are designed. Based on this, the low redundancy data storage algorithm based
on data dependency and CP-ABE encryption algorithm are introduced. Through the
combination of algorithms, the complete system logic algorithm design realizes the
storage and sharing of educational resources in the online education system, so that the
system has application performance. Finally, the performance of the designed system
was verified through experiments. The experimental results showed that the system
performed well, with a very satisfactory rate of over 65.0% and a satisfactory rate of
over 20%. Additionally, the proportion of abnormal data stored in resources was reduced
by over 1.3%, and the probability of abnormal modification of resource data was lower
than 0.4%, which was 0.3% lower than other systems. Therefore, it can be concluded that
the system has higher application performance. An in-depth study will be conducted on
the CPU ratio of the online education system for English major teaching in colleges and
universities in the follow-up work. The CPU ratio is an important indicator to measure the
practical application effect. The lower the CPU ratio, the better the system performance
will be.
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Abstract. In response to the problems of low data interaction efficiency, long
system response time, and poor quality of music teaching in traditional teaching
systems, this article proposes a study on building a music intelligent interactive
teaching system based on the J2EE platform. Choose J2EE as the system devel-
opment platform, analyze and explore its main service functions, allocate short
addresses of each device reasonably, and complete the system network communi-
cation design. The use of ASP and ADO technology to achieve intelligent inter-
action of teaching data provides a foundation for achieving intelligent interactive
teaching of music. Using genetic algorithm to intelligently generate test papers,
complete the design of the music teaching exam module, and thus achieve the oper-
ation of the music intelligent interactive teaching system. The experimental data
shows that after applying the designed system, the maximum interaction efficiency
of teaching data reaches 188MB/s, the minimum response time of the system is
0.45 s, and the highest score for music teaching is 98 points, fully verifying the
better application performance of the designed system.

Keywords: Music Teaching - Intelligent Teaching - Teaching System - Student
Exercises - j2ee Platform - Interactive Teaching

1 Introduction

As a very important carrier of culture and art, music plays an increasingly important role
in people’s life and learning. With the progress of education and teaching system reform,
cultivating students’ overall quality has become the latest goal of teaching, which has
gradually improved the status of music teaching in the teaching system. As an important
part of cultivating students’ quality education, music education in primary and secondary
schools has attracted the attention of the educational community and the whole society.
At the same time, teachers are required not only to impart basic knowledge and skills of
music to improve students’ cultural skills and knowledge, but also to guide and cultivate
students. In the process of teaching according to the teaching plan, teachers should
effectively use teaching means to give full play to students’ independent learning and

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2024
Published by Springer Nature Switzerland AG 2024. All Rights Reserved

G. Gui et al. (Eds.): eLEOT 2023, LNICST 543, pp. 335-349, 2024.
https://doi.org/10.1007/978-3-031-51465-4_22


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-51465-4_22&domain=pdf
https://doi.org/10.1007/978-3-031-51465-4_22

336 Y. Xia and Z. Zhang

exploration ability, become the main body of teaching activities, and cultivate students’
good learning interest, create a positive learning atmosphere, let students actively learn
and receive knowledge under the correct guidance of teachers, and through absorption
and reengineering, systemize and organize knowledge, build their own learning system,
cultivate students’ core literacy, and achieve students’ all-round development[1].

In recent years, the development of computer software technology has changed peo-
ple’s work and life patterns. In terms of teaching, people’s way of acquiring knowledge
is also changing significantly. The situation of a single mode of receiving traditional
education in the classroom is changing. Especially in recent years, the breakthrough
development of Internet technology has enriched and diversified the original online edu-
cation model. People gradually accept the mode of completing various learning tasks
through the network. With the continuous development and application of information
technology, the field of education has gradually integrated the trend of intelligence and
interactivity. As an important art discipline, music education also needs to keep up with
the times and improve teaching effectiveness and learning experience through advanced
technological means. The traditional music teaching method has problems such as lim-
ited teaching resources, insufficient interactivity, and high difficulty in personalized
teaching, which cannot meet the diverse learning needs of students.

Reference [2] proposed an intelligent music classroom teaching system based on the
Internet of Things. Using the theory of Internet of Things for reference, an intelligent
music classroom teaching system is designed. The intelligent music classroom teaching
system can analyze the characteristics of students and teaching content, and then push the
appropriate content to students. Teachers can develop more flexible teaching strategies
and more accurately evaluate students’ performance. Reference [3] proposed a music
classroom aided teaching system based on intelligent speech recognition. The auxiliary
teaching system of music classroom supported by intelligent speech recognition tech-
nology is constructed, and the audio classification technology of music classroom is
studied. The support vector machine is used to divide the audio into five types: mute,
background, music, voice and noisy voice. At the same time, a smoothing method based
on the classification result sequence is proposed to obtain audio segmentation points.
According to the actual needs of music classroom teaching, the system model is con-
structed, and speech feature recognition is carried out with the support of intelligent
speech recognition.

The two existing systems mentioned above have certain effectiveness, but the music
teaching effect is not satisfactory and cannot meet the development needs of music
teaching. Therefore, the research on the construction of music intelligent interactive
teaching system based on J2EE platform is proposed. The concept of “interaction” first
appeared in the computer field, which was extended from scholars to the field of education
and teaching in the 1970s. The starting point of “interactive” teaching method is to let
teachers and students enjoy the learning process of teaching and learning more, and
attach great importance to interactive communication and reflection in the classroom.
This paper introduces the concept of “interaction” in order to improve the quality of music
teaching. The construction of a music intelligent interactive teaching system based on
J2EE platform proposed in this article has innovative points in the following aspects:
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(1) By using ASP and ADO technology to achieve intelligent interaction of teaching
data, the efficiency of data interaction has been effectively improved.

(2) By reasonably allocating the short addresses of each device and designing system
network communication, the response time of the system has been successfully
shortened.

(3) By utilizing genetic algorithms to intelligently generate test papers and designing
music teaching exam modules, the quality of music teaching has been improved.

2 Design of Music Intelligent Interactive Teaching System

2.1 System Development Platform Design Module

According to the design system requirements, J2EE is selected as the system develop-
ment platform, and its structure is shown in Fig. 1.
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Fig. 1. J2EE Platform Structure

As shown in Fig. 1, J2EE is a technical architecture (application development direc-
tion) composed of various components and the standards and technical guidelines that
standardize these components. Its main features can standardize and simplify the system
deployment and development, and improve the reusability, security and cross platform
of the system. The core of J2EE is to promote the compatibility between different archi-
tecture platforms using J2EE, and to standardize and standard various components,
technical levels and architecture services. J2EE is essentially an architecture. Its core
is the standard version of the Java 2 platform or the Java platform. It can simplify the
management, deployment and development of solutions at the enterprise level. While
inheriting the characteristics of the standard version of “write once, run across plat-
forms”, J2EE can fully support XML technology, JSP technology, Servlet technology
and EJB technology. At the same time, it can apply security mode to protect the data
in the Internet, and illustrate the convenience of database access through CORBA and
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JDBC application interfaces. J2EE makes the development platform unified, and can
support adding directory, deploying and packaging applications and EJB while support-
ing the integration of existing applications. It can reduce the complexity of the system
and reduce the development cost of the whole system while improving the performance
and security.

The core of J2EE is component, and the application using J2EE structure can sim-
plify the development of programs. Reusable business logic is encapsulated in the form
of components, and background services are provided by J2EE servers, which can
be regarded as a container at this time. Developers can get rid of the heavy service
development and only need to focus on the development of business logic.

Important services such as remote connection, JNDI addressing, transaction man-
agement and security management can be customized in the form of containers in the
J2EE server. The main services are as follows:

(1) Life cycle model

The creation and removal of EJBs can be managed through the life cycle model. The
life cycle of EJB mainly includes three states: create, move and remove. The expression
is:

TE/B < Qmin Create Status
amin < TEjp < amax Mobile status (1)
TE/B > Qmax Remove Status

In formula (1), Tgyp It represents the life cycle value of EJB; omin And ormax
Represents the lower and upper limit values for EJB status determination.

(2) J2EE remote connection model

The remote connection model mainly implements the low-level interaction, that is,
the interaction between the enterprise bean and the management client. The client can
call after the enterprise bean is created, similar to the concept of virtual machine. The
success of J2EE remote connection depends on the network traffic, as shown in the
following formula:
{ Q; > O™ I2EE Remote connection successful ?)

0; < Q* J2EE Remote connection failed

In formula (2), Q; Represents the J2EE remote connection network traffic; Q* It
represents the standard value of network traffic.

(3) J2EE Transaction Management Model

The transaction management model can complete the establishment of the relation-
ship between transaction methods and divide the transaction methods into separate units.
By configuring the transaction attributes of enterprise class beans in the configuration
file, you can achieve relevant transaction processing. It does not need to write and debug
the transaction code separately in each bean, and the container manages the transaction
uniformly, reducing the complexity of the code and improving the readability of the
system[4]. The calculation formula of J2EE code complexity is:

A= qd
B X tq

x 100% 3)
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In Eq. (3), A It represents the complexity of J2EE code; g; Represents the number of
J2EE codes; B It represents auxiliary calculation parameters; #; It represents the running
time of J2EE code.

(4) J2EE security model

The configuration of web components can be completed using the J2EE security
model. Access to system resources is determined by the relationship between roles,
customers, and permissions. Roles have activated permissions, customers belong to
roles, and authorization can access resources. J2EE security is mainly determined by
permissions, and the expression is:

B:{B17827837B4935938} (4)

In Eq. (4), B Represents the J2EE security permission set; B; Represents J2EE role
security permissions; By Represents J2EE client security permissions; B3 Represents
J2EE activation security permission; B4 Represents J2EE authorized security permis-
sions; Bs Represents J2EE access security permissions; B, It represents other J2EE
security permissions.

(5) Database connection pool model

Due to connection restrictions, the database connection is time-consuming and lim-
ited. Through the use of the database connection pool, this problem can be solved through
the management of the connection pool. Due to the limitation of research space, it is not
necessary to repeat it too much.

J2EE server can run containers and Web components in containers; The execution of
servlet components and ordinary JSP pages can be managed through the Web container.
The management of client components is uniformly completed by the client container.

The above process completes the design of the system development platform, laying
a solid foundation for the functional design and implementation of the subsequent music
intelligent interactive teaching system.

2.2 System Network Communication Design Module

The network address mentioned in this study refers to the short address, which contains
16 bits in total. Before network communication, the music intelligent interactive teaching
system needs to allocate the short address of each device[5]. After system initialization,
the 16 bit network address will be dynamically allocated. The 16 bit network address
includes 0 to 65535. All 0 addresses are used by the coordinator. Other addresses will
be allocated using the following mechanism:

(1) Step 1: Determine the maximum number of all child nodes that can be connected to
each parent node N, the system gives a reference parameter N, = 20;

(2) Step 2: Determine the maximum number of all child routing nodes that can be
connected to each parent node R,,, where R,,, < N,,, the reference parameters given
by the system R,,, = 6;

(3) Step 3: Determine the maximum depth of the network node as S,,, the reference
parameters given by the system S,,, = 6;

(4) Step 4: Determine the network depth of the node’s parent node D,,, where D,,, < S,
the reference parameters given by the system D,, =0, 1, 2, 3,4, 5;
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(5) Step 5: Calculate the offset of the network address allocated by the parent node to
the child node at a certain depth. The calculation formula is:

14+Npy*Spy—Dp—1) Rpy=1

— Sm—Dm—1
X (D) 14N,y =Ry =Ny sy D otherwise ©)

m

In formula (5), x (D,,) It represents the offset corresponding to the network address
allocated by the parent node to the child node at a certain depth.

(6) Step 6 starts to calculate the network addresses of router nodes and terminal nodes.

There are mainly two types of node network access, namely non router node network
access and router node network access [6]. The address of the parent node is Cy, depth
is Dy,, and has N Non routing child nodes, of which the » When non routing sub nodes
join the network,n < N, the short address calculation formula of this sub node is:

Ch=Cp+ x(Dp) ¥Ry +n (6)

In formula (6),C,, Indicates the short address of the child node.

When the router node is connected to the network, the address of the parent node is
C, depth is D,,, and has N Routing child nodes, of which the n When routing sub nodes
join the network,n < N, the short address calculation formula of this sub node is:

Cr=Ck+ xDp) % (n—1)+ 1 (7

In the process of network address allocation, the system will have a variety of prob-
lems, especially when the number of nodes in the network increases slowly, the network
address limit will be highlighted. In general, the network address has 16 bits, which can
accommodate up to 65535 nodes. During the allocation process, set the parameters of
using network address allocation, and each parent node can accommodate at most N,
Child nodes,R,, Sub routing node, the maximum depth is S,,;Then there is a mathemat-
ical relationship between these parameters and the maximum value. At the same time,
the reference value used is the parameter set by the system, and the relationship between
these parameters and the maximum value is shown in Table 1.

As shown in Table 1, the formula for calculating the number of summary points is:

R 1

In Eq. (8),Z, It represents the amount of summary points.

When deploying network nodes, the actual total number of nodes cannot exceed
65535. If the set parameters are used, when the set parameter value is greater than 65535
nodes, the nodes in the network can not form a full tree, but can only form part of the
network. At this time, the address is not enough and new nodes cannot be added to the
network; When the set parameter value is less than 65535 nodes, even if all nodes in the
network reach the set value and join the network, 65535 addresses are not used up. At
this time, all network nodes are assigned to network addresses, and the network forms
a full tree, and the remaining network addresses cannot be used[7]. To avoid wasting
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Table 1. Relation between set value and maximum value

parameter Ry Sm Nm Number of summary points
Initial parameters 6 5 20 31101

R +1 5 20 56021

Ry +2 8 5 20 93621

Npm +1 67 5 21 32656

Npm+ 1, Ry +1 7 5 21 58822

Nm+ 1,Ry+2 7 5 22 61623

Npm+1,Rp+3 7 5 23 64424

Nm+1,Ry+4 7 5 24 67225

Sm+1 6 6 20 186621

network addresses, the set value can be slightly greater than 65535, so the parameters
selected in this paper are N, = 20, R, = 6, S, = 6.

The above process completes the design of system network communication, reason-
ably distributes the short address of each device, and provides support for the stable
operation of the design system.

2.3 Intelligent Interactive Module of Teaching Data

The design system mainly uses ASP and ADO technology to realize the intelligent inter-
action of teaching data, which provides the basis for the realization of music intelligent
interactive teaching.

ASP is the abbreviation of Active Server Page. It is an open application environment
without compilation. It provides flexibility of CGI programs and scripts while ensuring
performance. Unlike CGI, ASP runs in the process of the server and is multi-threaded.
It can be optimized to handle a large number of users. It combines the simple scripting
of HTML with Active Server components and other tools to create a dynamic website
with strong interactivity. The essence of ASP technology is the server side ActiveX
technology, which is the object-oriented network data service technology[8]launched
by Microsoft. ASP commands are first interpreted and executed on the server side, and
then the execution results are downloaded to the web browser running on the client side
or the local application system of the office web browser. It runs on the server side.
Users can’t see the ASP source code and can’t interfere with the normal operation of
the program, thus ensuring the security of the server side program.The teaching data
interaction program is shown in Fig. 2.

As shown in Fig. 2, the teaching data is transmitted in the network based on the
execution results, which improves the transmission speed. The page encapsulated with
ASP instructions must submit an access request to the server program in HTTP mode,
otherwise the server will refuse to provide the client copy and operation results because
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Fig. 2. Schematic diagram of teaching data interaction program

it is unable to determine the specific logical location of the client that is applying. As
an object-oriented network application technology, ASP has 7 objects to complete the
operation of remote database.

ADO technology can be combined with ASP to execute SQL in HTML pages and
query, update and delete the data information of the site server in the browser., ADO
uses the RecordSet object as the main interface for data access, and uses VbScript and
Jscript languages to control database access and output display of query results. ADO
can connect to SQL Server, Oracle, Sybase and other databases that support ODBC. Its
advantages lie in its simplicity, high speed, low memory usage and low disk usage. The
ActiveX Object based on ADO structure optimization is called ADODB. The execution
environment required by ADO on the server side is Windows Server and IIS 5.0, and
the execution environment on the client side only requires a general browser[9]. The
specific steps of ADO data access are shown below.

Step 1: Set the database source.Generally, ODBC can be used to select the database
name, and specify the drivers and database files for books and periodicals, or use OLE
DB to access directly;

Step 2: Use “Sewer. CreateObj ect” to establish the connected object, and use the
“Open” command to open the database to be accessed and queried;

Step 3: Set the SQL command, and use the “Execute” command to start the action
of accessing the database. For example, Set rs = conn. Execute (SQL command), where
corm is the name of the object to be connected;

Step 4: Use the RecordSet object command to display the results of the query opera-
tion.Where rs.fields.count represents the number of fields in the record; Rs. Eof indicates
whether the specified last line has been reached.

The above process completes the development of intelligent interactive program for
teaching data, providing a certain means of support for interactive teaching.

2.4 Music Intelligent Interactive Teaching Assessment Module

Music intelligent interactive teaching assessment is also a key component of music
intelligent interactive teaching system. This research uses genetic algorithm intelligence
to form music intelligent interactive teaching assessment papers. The specific process is
as follows:
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Genetic algorithm is a computer algorithm based on the principles of natural selection
and genetic genetics, which is usually used to solve optimization problems.The design
of music intelligent interactive teaching examination paper can be realized by using
genetic algorithm through the following steps:

1. Determine optimization objectives and evaluation indicators: consider the knowledge
points to be examined in the examination paper and their importance, and determine
appropriate evaluation indicators, such as the difficulty, quality and coverage of the
examination paper.

2. Design test paper generation rules: according to the assessment requirements and
evaluation indicators, design a set of test paper generation rules, such as random
selection of knowledge points, question type proportion control, etc.

3. Generate initial test paper library: use the above generation rules to generate a certain
number of initial test paper libraries.

4. Define the chromosome coding mode of genetic algorithm: convert the components of
different test papers (such as the number of questions, the combination of knowledge
points, etc.) into chromosome coding mode to facilitate the comparison and selection
of different test papers by genetic algorithm.

5. Determine the fitness function: convert the evaluation index of the examination paper
into the fitness function, which is used to compare the advantages and disadvantages
of different examination papers, and determine the selection and crossing mode of
the parent chromosome.

6. Iterative optimization of genetic algorithm: select, cross and mutate the parent chro-
mosomes to generate new offspring chromosomes, and evaluate and sort the offspring
chromosomes according to the fitness function. Continue to iterate until the preset
stop condition is reached.

7. Generate the final test paper: generate the final music intelligence interactive teaching
examination paper according to the optimal solution obtained by genetic algorithm
optimization.

It should be noted that the design of music intelligent interactive teaching exam-
ination paper using genetic algorithm is a relatively complex process, which requires
reasonable details design and adjustment according to the actual situation.

Establish a state space to control the indicators of automatic test paper generation E.
E Each row of is composed of the control indicators of a test question, such as question
number, question type, chapter, difficulty, etc., and these attribute indicators are coded
and expressed in binary form, while each column is all the values of an indicator in the
question bank. The following describes the definition of genetic algorithm in combination
with the test paper generation system.

In genetic algorithm, the so-called L individual X, that is, the length is L 0 and 1
strings of, referred to as individuals;L It is called individual chain length,L All records
of individuals f = {0, l}L, called individual space, and the expression is:

el €2 - €lmtn

€1 €n  €pmin
E= . . . €))

€m4n,1 €m+n,2 " €mtn,m+n
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In the test paper generation system, the individual is each test question, and the
number of control indicators of each test question is its chain length. The so-called
population is N A collection of individuals (individuals are allowed to repeat), referred
to as a population.N It is called the population size, and the expression is:

N={X=X.X2 . Xy),X; € (E)} (10)

When genetic algorithm is applied, the quantity to be controlled must be coded first.
In order to facilitate calculation, binary encoding is adopted here, that is, the character
set is composed of 0 and 1. For the convenience of description, we only select a part of
the control quantity: chapter, question type and difficulty of the test question for coding,
such as 1001011100. After coding, determine the fitness function of the test question.
In genetic algorithm, external information is basically not needed, and only the fitness
function is used as the basis for optimization. The only requirement of genetic algorithm
for fitness function is that the function cannot be negative. In the theory of evolution, the
survival of the fittest is the principle of natural evolution. There should be criteria for
excellence and inferiority, and the fitness function is used to describe the fitness of each
individual. For optimization problems, the fitness function is the objective function. The
purpose of introducing fitness function is to evaluate and compare individuals according
to their fitness and determine the degree of superiority and inferiority. The fitness function
expression is:

F:f >gt (11)

In Eq. (11),F It represents the fitness function;g™ It represents the space of positive
real numbers.

Suppose that the difficulty distribution of each question in a question type follows
normal distribution A ~ N (n, 82), where 7 Is the average difficulty,8? Is the variance,
which falls in the interval [ — 38, n + 38] The probability sum within the range is
approximately 1. We have identified five levels of difficulty in this system.Set the total
number of test questions as sum, the number of each difficulty question is M, M>, M3,
M, and M5, there are:

sum = My + My + M3z + My + Ms (12)
—28 -5 8

Among them, M1 = [ F(x)dx, M\, = [ F(x)dx, M3 = [ F(x)dx, My =
o0 25 5

28 +00
[ Fx)dx,Ms = [ F(x)dx.
s 28

After determining the number of each question, the fitness function of difficulty
can be determined.Let the difficulty coefficient of each question be Py, the expected
difficulty coefficient is er, the reciprocal of the square difference between the difficulty
coefficient of each question and the expected difficulty coefficient is the fitness function
F, there are:

1

F=——03
yo s [Pr—e]

13)



Construction of Music Intelligent Interactive Teaching System 345

In Eq. (13), ¥ It represents the auxiliary factor of fitness function, which determines
the performance of genetic algorithm.

According to the characteristics of this database and test paper generation method,
we choose standard genetic algorithm to generate test papers.The process of generating
test paper is as follows:

Step 1: According to the user’s initial settings, randomly select a group of questions
from the database and number each question. The function to generate the initial popula-
tion is initpop(). Each chromosome coding bit in the population is selected from 0,1 with
equal probability. After the chromosome coding is generated, the individual is decoded
and fitness is calculated.

Step 2: Combine the calculation results with the state space library E Indicators in
E(n) For comparison, if it matches, there are: F (k) <— F (k) 4+ 1;If not, there are:F (k) <
F(k)+ 0.

Step 3: Conduct elimination selection, namely F'(k) Remove the test questions that
are 0 to generate a new test question model.

Step 4: Design genetic operation: use the roulette wheel to select the designed func-
tion select() and return the selected individual number in the population. First generate
a random number between (0,1)U, if U < sum, the first individual is selected.

Step 5: Design the function crossover () for the single point crossing operation.
The parent parent 1 and parent 2 generate child individuals child 1 and child 2. If the
crossing occurs, process the code assignment and return the crossing point arrow cross;
Otherwise, no processing is done and 0 is returned.

Step 6: Design the mutation () function for the mutation operation, and determine
whether the individual child’s code bit is operated according to the mutation probability
Pmgq. If a code bit is mutated, the code will be reversed.

Step 7: After the above steps of selection, crossover and variation are completed, a
new test question model is generated, and its convergence is judged according to the set
error precision. If it meets the requirements of the appropriate degree, the test paper is
successfully formed, and it is transferred to the next step;Otherwise, go to step 3 and
repeat the above process.

Step 8: Output the results and complete the test paper generation. When initializing
the test questions, we choose the mode of parent selection, that is, random sampling
without return, so that each test question can be selected. In the selection process, the
probability of each question being selected is a non-uniform random event, and its
probability depends on the last selection result [10].

Through the design of the above modules, the design and operation of the music
intelligent interactive teaching system are realized, which helps to improve the quality
of music intelligent interactive teaching.
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3 Design System Performance Test

3.1 Experiment Preparation Stage

To verify the effectiveness of building a music intelligent interactive teaching system
based on J2EE platform, a simulation experiment is designed. The experimental envi-
ronment is as follows: Using Linux operating system and Eclipse development tools to
develop a music intelligent interactive teaching system.

The preparation stage is the key to the smooth progress of the experiment. The design
system adopts genetic algorithm in the music intelligent interactive teaching assessment
module, which involves fitness function auxiliary factors ¥, which determines the
advantages and disadvantages of the function of genetic algorithm, and is also the key
to the stable operation of the design system. Therefore, before the experiment, it is
necessary to add auxiliary factors to the fitness function /¢ Determine the best value.

Get fitness function auxiliary factors through testing ¥ The relationship with the
running efficiency of genetic algorithm is shown in Fig. 3.

90

85

80

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

75

,,,,,,,,,,,,

70

65

Genetic algorithm operation efficiency/%

I
0.4 0.5 0.6 0.7

60 i i
0.1 0.2 0.3

Parameter value

Fig. 3. Fitness function auxiliary factors ¥ Relation diagram with running efficiency of genetic
algorithm

As shown in Fig. 3, when the fitness function auxiliary factor ¥ When the value
is 0.34, the running efficiency of genetic algorithm reaches the maximum of 89%.
Therefore, determine the fitness function auxiliary factor ¥° The optimal value is 0.34.

The above process has completed the preparation of the experiment and provided
convenience for the subsequent experiments.

3.2 Analysis of Experimental Results

Set the intelligent music classroom teaching system based on the Internet of Things
(Reference [2] method) and the music classroom auxiliary teaching system based on
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intelligent speech recognition (Reference [3] method) as comparison systems 1 and 2,
and select teaching data interaction efficiency, system response time and music teaching
results as evaluation indicators. The specific experimental results analysis process is
shown below.

The efficiency of teaching data interaction obtained through experiments is shown
in Fig. 4.
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Teaching data interaction efficiency/MB/s

Fig. 4. Schematic diagram of teaching data interaction efficiency

As shown in Fig. 4, after the application of the designed system, the interaction
efficiency of the teaching data obtained is higher than that of the two comparison systems,
with the maximum value of 188 MB/s, while the maximum value of the interaction
efficiency of the teaching data of System 1 is 172 MB/s, and the maximum value of
the interaction efficiency of the teaching data of System 2 is 152 MB/s. It can be seen
that the teaching data interaction efficiency of the designed system is high. This is
because the proposed method in this study utilizes ASP and ADO technologies to achieve
intelligent interaction of teaching data, which significantly improves the efficiency of
data interaction compared to traditional teaching systems.

The system response time obtained through experiments is shown in Table 2.

As shown in the data in Table 2, the system response time obtained after the appli-
cation of the designed system is shorter than that of the two comparison systems, with
the minimum value of 0.45 s, while the minimum value of the system response time
of System 1 is 3.56 s, and the minimum value of the system response time of System
2 is 4.15 s. The proposed method in this study significantly reduces waiting time for
students and improves teaching efficiency by appropriately allocating short addresses to
each device and designing system network communication.

The music teaching results obtained through the experiment are shown in Fig. 5.
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Table 2. System Response Schedule/s

Test conditions design system Comparison system 1 Comparison system 2
1 2.03 3.56 5.02
2 1.56 4.23 4.15
3 1.02 5.02 5.02
4 0.56 6.12 5.23
5 0.45 5.18 6.45
6 0.89 6.32 7.02
7 1.10 5.78 7.45
8 1.20 6.59 8.02
9 1.02 7.70 5.45
10 0.89 6.59 7.25
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Fig. 5. Schematic diagram of music teaching results

As shown in the data in Fig. 5, after the application of the designed system, the music
teaching results obtained are higher than those of the two comparison systems, with the
maximum score of 98 points, while the maximum score of the music teaching results
obtained by System 1 is 75 points, and the maximum score of the music teaching results
obtained by System 2 is 67 points. It can be seen that the designed system can improve
the efficiency of teaching data interaction, shorten the system response time, and effec-
tively improve the music teaching performance of students. The proposed method in this
study effectively enhances music teaching performance by utilizing genetic algorithm
for intelligent paper composition and designing a music teaching examination module,
thus demonstrating the effectiveness of the system in improving music teaching quality.
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4 Conclusion

In the process of music teaching, through teachers’ experience accumulation and sum-
mary, it can be found that the problems encountered by students in learning to a certain
extent have their similarities. Through problem consultation, students can conduct real-
time problem consultation, and understand and master the problems encountered by
other students, so as to reduce unnecessary detours. Common problems can be solved
by querying historical records; At the same time, teachers can summarize and summa-
rize the original, typical and universal questions from the history question and answer
records, and summarize them into the question database for unified processing, so as to
facilitate later queries. By analyzing and summarizing the problem library irregularly, it
is helpful for teachers to timely summarize and summarize the problems encountered in
the teaching process, adjust teaching methods and teaching methods, improve teaching
quality and increase feedback. Assisted teaching in the form of multimedia can stimulate
students’ interest, improve memory and understanding. The design system effectively
improves the efficiency of teaching data interaction, shortens the system response time,
improves the results of music teaching, and can provide more effective system support
for music teaching.

Aknowledgement. Jiangxi College Humanities Social Science 2020 Project----The Infiltration
of Chinese Ritual Thought in College Ethnic Music Teaching (YS20105).

References

1. Gibson, S.J.: Shifting from offline to online collaborative music-making, teaching and
learning: perceptions of Ethno artistic mentors. Music. Educ. Res. 23(2), 1-16 (2021)

2. Lyu, D., Wang, Z.: Design and implementation of an intelligent classroom teaching system
for music class based on internet of things. Int. J. Emerg. Technol. Learn. GJET) 16(18),
171-184 (2021)

3. Long, C., Wang, S.: Music classroom assistant teaching system based on intelligent speech
recognition. J. Intell. Fuzzy Syst. 14, 1-10 (2021)

4. Fitzgerald, M., Costello, R.: Book review. Irish J. Med. Sci. 175(3), 79-80 (2006). https://
doi.org/10.1007/BF03169180

5. Cain, T., Mariguddi, A.: Research-informed teaching: the case of musical futures. Br. Edu.
Res. J. 48(3), 519-535 (2022)

6. Hawkes, M.E.: Experiences of developing pre-performance routines with recreational
pianists. Psychol. Music 49(6), 1721-1736 (2021)

7. Yoku, T.: The effect of metacognitive strategies-based teaching practice in guitar education
on performance achievement. Psychol. Music 49(6), 1605-1619 (2021)

8. Shin, J.: Preservice music teachers in Korea and their collaborative reflection with peers. Int.
J. Music. Educ. 39(4), 371-382 (2021)

9. Zhao, H., Guo, L.: Design of intelligent computer aided network teaching system based on
web. Comput. Aid. Des. App. 19(S1), 12-23 (2021)

10. Yong, Y., Minsi, Z., Bo, W., et al.: Design of simulation system for discontinuity network in
rock mass and its application in teaching. Comput. Simul. 39(9), 268-272 (2022)


https://doi.org/10.1007/BF03169180

q

Check for
updates

Interactive Design Method of Mobile Art
Education APP Interface Based on Virtual
Reality Technology

Yan Zhao®™ and Ya Xu

Modern College of Northwest University, Xi’an 710130, China
freyaxu8@gmail.com

Abstract. In view of the shortcomings of low fit and long conversion time of the
mobile art education APP interface generated by traditional methods, this paper
proposes an interactive design method of the mobile art education APP interface
based on virtual reality technology. Through the adjustment of brightness and hue,
the mobile art education APP interface is preprocessed. By adjusting brightness
and tone, filtering and processing the mobile art education APP interface, the
contrast and detail information in the interface are improved. Detect mutation
points in the interface image of the art education APP by solving the first and
second derivatives of the image. Extract the edges of the interface image of the
mobile art education app using the local maximum of the gradient vector model.
Combining the functional interface layout and 3D model construction, the visual
information of the art education APP interface was designed. By using Non-
local Means to denoise the image of the interactive interface of the mobile art
education APP, an optimized interactive interface of the mobile art education
APP was generated. The experimental results show that the method in this paper
can generate the interactive interface of the mobile art education APP, provide
users with an immersive roaming experience, and improve the fit and transition
smoothness of the mobile art education APP interface.

Keywords: Virtual reality technology - Mobile terminal - Art education - APP
interface - Interaction design

1 Introduction

Since the National Education Commission formally put forward the concept of distance
education in 1994, online education has gradually come into everyone’s vision. In 1995,
the China Education and Research Network was launched. In 2001, the “school to school
connection” project for primary and secondary schools was implemented in an all-round
way to drive the modernization of education with informatization and strive to realize
the leap forward development of basic education. Encourage school education to build
an open platform with network curriculum system and the application and management
of education network open curriculum, and support the construction of education system
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with Chinese characteristics. For the various problems faced by mobile art education and
the increasingly fierce competition of art education mobile applications, the school, as
a group with a large number of professional courses, professional textbooks, scientific
research content resources, can provide educational resources different from the content
produced by some educational software in the current application market. Through the
integration of its own educational resources. A large number of online courses [1] will
be produced. Moreover, as an educational entity, the school can better and more actively
promote the exchange and interaction of offline learning by using the network platform;
Through the development of art education software applications, it provides students
with massive learning content information resources, facilitates students to use their
spare time more freely and efficiently, and also strengthens the interaction between
teachers and students; Open online courses mainly benefit student user groups. At the
same time, for those who do not have enough conditions to enter the offline classroom,
they can obtain basic cultural level quality education through the mobile art education
APP. The development of online education platform has great positive significance.
Therefore, the demand for mobile art education APP is growing. As a platform that can
provide online education, the mobile art education APP can meet the national strategic
needs for the development of art education.

In the domestic research, Zhu Jihong et al. [2]. by summarizing the interaction design
theory of preschool children’s APP interface at home and abroad and comparing excel-
lent APP cases, using the cognitive development of preschool children’s vision, hearing,
touch and motion, and combining Piaget’s cognitive theory and the related theoreti-
cal research of children’s cognitive development psychology, five aspects of excellent
preschool children’s APP design strategies are summarized. And apply it to project
practice. Through the design practice of specific cases, the applicability of the research
on the cognitive development of preschool children was preliminarily verified in the
interactive design of APP interface, and the design strategy in line with the character-
istics of children’s cognitive development was proposed to meet the children’s sense of
honor and achievement in online learning, thus boosting the enthusiasm and attention of
preschool children in online learning. Li Yang et al. [3] proposed a design idea of digital
media mobile terminal interface based on human-computer interaction technology in
order to design and meet the requirements of diversified and comprehensive functions
of user interface. Through the introduction and research of human-computer interaction
interface, the usability of human-computer interaction interface evaluation and testing
is emphatically analyzed, and the model is optimized and improved by combining with
GOMS model, and a new optimized GOMS layered quantitative model is proposed.
Detailed analysis of the digital media interface information display mode of multi screen
interactive human-computer interaction, as well as the television, mobile phone multi
screen human-computer interaction digital media system interface, including system
information architecture, grid system, drawing interface block diagram, multi screen
interactive interaction model, as well as ensuring consistency of visual style, detailed
interface design, charts and focus state. Applying the design system to the actual test, it
is found that the design idea of the system can be based on human-computer interaction
technology to achieve the effective combination of multi screen interaction and digital
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media, and also create a better scene interaction experience for the future development
of digital media mobile terminals.

In foreign research, Chen Y et al. [4] realized the art design of real-time image
interactive interface of advertising screen under the augmented reality technology and
visual communication technology, digitalization enhanced the real situation, enriched the
visual experience of advertising audience, and turned advertising into an interactive form.
This paper analyzes the specific contents of composition, graphics, color, proportion,
brightness and design principles in advertisements. We conducted a questionnaire survey
and combined the above six indicators. Query a large number of documents for analysis,
and conduct theoretical analysis on the design of real-time interactive image interface of
advertising screen based on augmented reality technology. According to the experimental
results obtained in this study, the data shows that the P-value of six age groups’ scores
on advertising texts is less than 0.05. There are significant differences; At the same time,
the P value of each indicator in the advertisement is also less than 0.05. This significant
difference indicates that text readability is an important factor in text interaction in
interactive interfaces.

In the era of mobile Internet, online learning has formed a trend. The mobile art
education APP on the market has been loved, recognized and used by many parents and
students because it has broken through the restrictions of time and space. Therefore, this
paper applies virtual reality technology to the interface interaction design of the mobile
art education APP, so as to improve users’ experience of using the mobile art education
APP interface. The main content and innovative content of this study are as follows:

(1) By preprocessing the interface of the mobile art education app, key information is
extracted to reduce redundant content and improve user experience.

(2) Utilize image processing technology to extract image edges from the interface of
mobile art education apps, highlight important elements, and enhance visual effects.

(3) By optimizing the user interaction process through a reasonable functional interface
layout, it improves the convenience and efficiency of user operations.

(4) Introducing 3D model design technology to make the art education app interface
more three-dimensional, enhancing users’ immersion and visual appeal.

(5) Based on the design and processing results in the previous steps, generate a mobile art
education APP interface with innovative interactive methods and interface effects,
providing a richer and more intuitive user experience.

2 Interface Interaction Design Method of Mobile Art Education
APP

2.1 Pretreatment of Mobile Art Education APP Interface

In the process of preprocessing the mobile art education APP interface, the adaptive
Gaussian filter is used to filter the art education APP interface, and the gradient direc-
tion of the interface image is converted into the derivative of the horizontal and vertical
directions through the Guassian function to determine the gradient direction of the inter-
face, and then the corrected interactive interface image is obtained. The Drago logarithm
operator is used to adjust the corrected interactive interface hue [5]. According to the
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mapping relationship between the interactive interface brightness and the scene bright-
ness, the brightness value compression of the interface pixel value and the visible detail
level are obtained, and the art education APP interface image after the hue and brightness
are improved is obtained.

When using adaptive Gaussian filter to process the art education APP interface, it
is necessary to determine the gradient direction g size. Convert § into the derivatives
of Vertical and horizontal directions through the Guassian function, and convolved with
the art education APP interface at the same time to get the vertical gradient angle 8* of
the interface at (x, y). To sum up, there are:

E = w M (x,y) (1)
X
G 9 9

E = (xay B) M y) @
y

B*(x,y) = arctan[gig: ;;i| 3)

Among them, E| represents the horizontal derivative of 8, E\ represents the vertical
derivative of B, and M (x, y) represents the Prehistoric art education APP interface.
The relationship between direction angle 8 and vertical angle 8* is as follows:

B =p*+90° )

Combining the above processes, the art education APP interface filtered by the
adaptive Gaussian filter can be obtained:

Lex.y) = M, y) — G, y) 5)
1 -G, y)p

Among them, L(x, y) represent the filtered clear art education APP interface, G (x, y)
represents noise.

After the definition of the art education APP interface is corrected, the Drago log-
arithm operator is used to adjust the interface hue, so that the evaluation result of the
interface saliency is more accurate.

Drago logarithm operator can adjust the brightness, detail preservation and contrast of
the art education APP interface well, and the mapping relationship between the interface
brightness and the scene brightness is as follows:

A 0,01 (G + 1)

M T 1) 2 e /A

(6)

Among them, A,, represents the brightness adjustment threshold in the dark of the art
education APP interface, A4 represents the brightness of the art education APP interface,
AT represents the maximum brightness of the art education APP interface, where
AS = 100. & represents the degree of compression and visible detail of the brightness
value of the art education APP interface. The higher the £ value, the more serious the
brightness value is compressed.
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The interface of the art education APP cleared by the adaptive Gaussian filter is dark,
and the details will be affected to some extent. Therefore, by improving the brightness
and contrast of the dark area of the interface, the interface details can be effectively
maintained. According to experience. The value of £ can be defined as [1.3,1.6].

By using formula (6) and analyzing the £ value, we can get the interface image of the
mobile art education APP after the brightness and hue are improved, which is expressed
as:

H(x,)’)=)»d><?»w><$ (7)

In the above formula, H (x, y) represents the mobile end art education APP interface
after color tone and brightness adjustment.

Through the adjustment of brightness and hue, the mobile art education APP interface
was preprocessed.

2.2 Extract the Image Edge of the Mobile Art Education APP Interface

After the mobile art education APP interface has been preprocessed, the first and second
derivatives of the art education APP interface image are solved, and the mutation points
of the art education APP interface image are detected according to the characteristics of
the derivatives, assuming y (x) meet:

+00
/ y@)dx =1, lim y(x) =0 (8)
oo xX—>00

Then y(x) represents the smoothing function. Generally, Gaussian function is
selected. Generally, the Gaussian function is selected. The smoothing function has a
high low-frequency weight and functions as a low-pass filter. When the high-frequency
components of the original signal and the smoothing function in the APP interface
image are suppressed during convolution, the APP interface image signal is smoothed.
If present:

el — dy (x)
dx
9
2 dyi() ©
£° =
dx?
Then order:
ol =f(s,x) =f *xel () (10)
o® =f(s.x) =f %} (x)

The first derivative of f (x) smoothed by y (x) is proportional to the Non-local Means
function o'l f(s,x), and the second derivative of function f (x) smoothed by y;(x) is
proportional to o2f (s, x). In order to detect signals in the APP interface image, large-
scale s is selected, and f (x) and y (x) are convolved to eliminate signal waves in the APP
interface image. By detecting the maximum value of the APP interface image after the
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Non-local Means, the edge points of the APP interface image can be obtained. After
the wavelet function is applied [6], the first-order derivative of the smoothing function
is taken, and the edge points of the APP interface image are determined based on the
information after the Non-local Means, achieving edge detection of the APP interface
image.

Assuming that the pixel of the APP interface image is N x N, then there is [ =
{dm,n} lemneN® decompose the APP interface image in J = log, N 4 1 scales, select

scales s = %, 1, -- -J, -+ ,J, and select y (x,y) as Gaussian function, then y (x, y) is
second order derivable, with the following expression:
y(x,y)
o' (x,y) = v

11

2 y (x,y) an

P (x,y) =
dy

where, (pl(x, y) and (pZ(X, y) represent two-dimensional wavelet functions, and 2
Discretization of ¢! (x, y) and ¢>(x, y) can obtain binary wavelet functions:

1 Xy
£y (x,y) = 5(/)1(5, 5)
1 Xy
G0 =505 5)
The scale is 2/, and discrete dyadic Non-local Means function can be obtained.
According to the two-dimensional discrete Non-local Means transform, the following
can be obtained:

(12)

021]- =fx* azlj (x,y)
5 5 (13)
0y =f *x€&5(x,y)
The gradient vector can be expressed as:
1
oyf (X, y)] v
=sV(f *y)(x,y) (14)
[022 (e, y) (Fxy)x,y

Among them, JZIJ (x,y) and 022if (x, y) represent the partial derivatives in the x and
y directions of the page image, respectively. The modulus of Non-local Means in 2/ can
be expressed as:

Maf (5, y) =/ Jodt o) Plof o) (15)

Argument:

ol f (x,y)
o5 f (x,y)

The gradient vector s%(f *y)(x, y) and M»;f (x, y) are proportional, and the argument
Azif (x,y) is the angle between the gradient vector and the horizontal direction of the
APP interface image. The edge direction and argument direction of the APP interface
image are the same. The local maximum of the gradient vector model can be used to
determine the edge of the APP interface image.

Asif (x,y) = arctan (16)
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2.3 Visual Information of Design Art Education APP Interface

The visual information design of the art education APP interface is the main part of the
interaction design of the mobile art education APP interface based on virtual reality.
The visual information design consists of three parts: functional interface layout, three-
dimensional object model construction and scene space model construction.

2.3.1 Function Interface Layout

The functional interface design is completed by the interactive interface layout opti-
mization model, which is based on the interface visual attention division model and
the function criticality analysis results, and sets the optimization objective function as
the optimal visual attention division of the final layout of the interactive interface, so
as to build the functional interface layout optimization model based on visual attention
division.

The following definitions are implemented for the functional interface layout
optimization model based on visual attention division:

A = {a,:/} represents the visual attention level of the units occupied by a certain
functional module in the visual area with different levels, where a;; represents the visual
attention level of the units occupied by functional module i in the visual area j;

B = {by} represents the visual attention level of the visual area where the central
coordinate of a certain functional module is located, where b;; represents the visual
attention level of the central coordinate of functional module i in the visual distance
region j;

-C = {c,-j} represents the number of units occupied by a certain functional module
in the visual expectation with different levels, where c;; represents the number of units
occupied by functional module i in the visual area j.

In the above definition, i = 1,2, --- , n and n represent the number of functional
modules, while j = 1, 2, 3 respectively describe the three visual areas of the functional
interface in the art education APP interface.

Select the K1 method to determine the criticality of different functional modules in
the functional interface [7], compare the criticality of all functional modules in pairs,
and describe the relative criticality of functional modules with the following formula,
namely:

Ok—1
= — 17
8k = A7)
Among them, 9; represents the criticality of functional module ¢;.
The criticality of functional module ¢; can be determined using the following
formula:

n n -1
0 = (1 +Z]‘[gi) (18)

k=2 i=k

In the process of functional interface design, there is a positive correlation with gg,
A, B and C, that is, the more critical the application direction of the art education APP
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interface, the larger the area of the function module in the interface, and the closer to
the visual center.The intensity of visual attention division is described by formula (19):

n 3
Z=Y"Y gabjc; (19)

i=1 j=1

The upper limit value of visual attention division intensity represented by Y, which
is Y = max Z, is obtained as follows:

n 3
Y = max Z Z giajibjcij (20)

i=1 j=I

The higher the Z value, the more critical functional modules are divided by the visual
attention of the user in the art education APP interface. The ppaper swarm optimization
algorithm is selected to solve the functional interface layout optimization model based on
visual attention division. The inertia weight is introduced to ensure the global and local
search and optimization ability of the ppaper swarm, and the functional interface layout
is completed[8]. For different areas in the functional interface, the image information of
the art education APP interface needed in different areas is generated through 3D model
construction.

2.3.2 Building 3D Model

The image information in the art education APP interface includes 3D objects and scene
space, both of which are generated by 3D model building method. The main process of
building a 3D model is shown in Fig. 1:

3D geometric model construction

v

Texture mapping

v

Scene rendering and baking

v

Scene space interaction of art education APP
interface

End

Fig. 1. 3D model construction process
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Step 1: 3D geometric model construction.

Import the plan[9]obtained in the data collection process into the 3DS MAX soft-
ware, and stretch the art education APP interface scene space according to the relevant
information of the obtained art education APP interface scene space; For the complex art
education APP interface scene space, several art education APP interface scene space
units can be obtained by difference, and the art education APP interface scene space
units can be synthesized as a whole using different modeling methods to build a 3D
model of the art education APP interface scene space.

Step 2: Texture mapping.

In order to improve the authenticity of the scene space of the art education APP
interface, texture mapping is applied to the scene space of the art education APP inter-
face using the material editor. In general, different surfaces of the scene space of an art
education APP interface need to map different textures. Under this condition, it is nec-
essary to use multi-dimensional/sub object materials to load several maps on different
sub materials with the same material.

Step 3: Scene rendering and baking.

After setting reasonable lights to simulate sunlight in the scene space, render the
scene space of the art education APP interface. In order to obtain the optimal rendering
effect, continuously adjust the brightness and position of the lights. Bake in a reasonable
way after rendering, and store the scene space rendering results of the art education APP
interface to a file in tga format.

Step 4: Scene space interaction of art education APP interface.

Import a tga format file into the VR Platform editor, optimize the scene space of the art
education APP interface, and create a walking camera (simulating the height and walking
speed of objects under human walking conditions) and a flying camera (simulating the
overlooking scene above the scene space of the art education APP interface) in the
scene space. Determine whether collision detection is required according to the actual
application needs, and determine the balance between the scene space of the virtual art
education APP interface and the smoothness of roaming interaction by compressing the
texture to reduce the video memory consumption of the texture map.

2.4 Generation of Mobile Art Education APP Interactive Interface

Based on the visual information of the art education APP interface, the mobile art
education APP interactive interface is generated by denoising the image of the mobile
art education APP interactive interface.

There are many methods to eliminate image noise. Non-local Means threshold
denoising is an efficient denoising method. Images that are not smooth or have sud-
den changes in grayscale are noise. An important link to improve the clarity of the art
education APP interface is to denoise the art education APP interface image [10]. The
steps of Non-local Means are:

Step 1: Compare the modulus and Non-local Means coefficients of each layer of
coefficients after Non-local Means decomposition, and process the coefficients;

Step 2: After the Non-local Means coefficients are processed, the denoised image
of the art education APP interface is restored. According to the principle of Non-
local Means analysis, after the Non-local Means changes the Gaussian noise, it will
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be evenly distributed in the phase space. For the art education APP interface, it has its
own limitations and is localized by layout.

The key and core of Non-local Means is to select and adjust the threshold, and select
the appropriate threshold in the Non-local Means domain. In the process of denoising,
the selection of threshold directly affects the quality of the art education APP interface
image after denoising. The threshold estimation expression is as follows:

th=./2¢ logn 201

Among them, ¢ and n represent the variance of noise and the number of pixels in the
interface image of the art education APP, respectively, while i represents the threshold.
According to relevant regulations, when ¢ = 2 is close to 2, the denoising effect of the
art education APP interface image is better, and the denoising of the art education APP
interface image is completed while retaining the edge details of the art education APP
interface.

After the image of the art education APP interface is denoised, the virtual reality
technology is used to generate the mobile art education APP interactive interface. The
specific process can be divided into two links, namely, the design content link and the
visual experience link. The interaction between the two links is shown in Fig. 2.

Interactive Interface Generation of Mobile
Art Education APP Based on Virtual Reality

Visual experience
link

R N R S

Visual information Interactive mode
design design

Design content link

Cognitive experience Emotional experience

\ 4

. . Sensory experience
Functional interface
_>

layout

Three-dimensional
> .
model construction

Constructing
—»| situational space
model

Fig. 2. Generation process of interactive interface of mobile art education APP based on virtual
reality

The design content link can be divided into two parts, namely, visual information
design and interaction mode design. The interactive interface layout design and interface
content design are completed through the design content. The visual experience link can
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be divided into three parts: cognitive experience, emotional experience and sensory
experience. On the basis of interactive interface layout design and interface content
design, combined with the interaction mode design in the design content link, users can
improve their visual experience of the mobile art education APP interface.

3 Experimental Analysis

In order to verify the application performance of the method in this paper in the interface
interaction design of the mobile art education APP, an art education APP is taken as
the application object, and the method in this paper is used to generate the interaction
interface of the art education APP.

3.1 Evaluate the Visual Significance of the Mobile Art Education APP Interface

Before the experiment, the visual saliency of the generated APP interface is evaluated,
assuming V. (x) represents the visual salient features of the reference interface image,
it is divided into several image blocks, and the local effective contrast of the 7-th block
is defined as:

Xor (T)
oy (T)

In the formula, C,,.(T) represents the local effective contrast of block T, x,(T)
represents the minimum standard deviation in sub block 7', and w,,(T") represents the
mean of sub block T.

Assuming that ¢ represents the detection threshold for visual saliency of the art
education APP interface, considering the moderating effect of visual channel (s, 0), the
value of ¢ is defined as —0.13, then according to the calculation of formula (22), the
threshold judgment criteria for the significance of the art education APP interface can
be defined as:

Co(T) =

(22)

£5,0(T) = Cy(T) - CSE[f,(5)] (23)

where, & ,(T') represents the criteria for judging the significance threshold of the art edu-
cation APP interface, CSF[fO (s)] represents the weight coefficient of the visual direction
of the art education APP interface.

The fovea theory points out that the spatial resolution of the central region of the
fovea is higher than that of the central region. According to the calculation of formula
(23), the space function of art education APP interface under the fovea theory is defined
as:

d;

KD = o amyds &4

Among them, d (T') represents the distance from the center of the sub block 7T to the
center of the art education APP interface, dy represents the distance from the edge of
the art education APP interface to the center, and d; is taken as 4.1.
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According to the foveal visual effect, the Root-mean-square deviation value of visual
channel (s, 0) can be deduced:

D0 (T
M(s,0) = Zsso() <K(?;)) (25)

where, Dy, ) (T) represents the significance of channel (s, 0) in the art education APP
interface.

Overlay the saliency of all channels to get the evaluation results of visual saliency
of art education APP interface:

M N

VI =3 (Fis.0)(T) — MSE(s, 0)) (26)

s=1 o=1

where, VT represents the evaluation results of visual saliency of art education APP
interface, N represents the number of channels in the visual direction of the art education
APP interface, M represents the quantity of V., , (x), Fs,0) (T) represents the significance
of all channels of the art education APP interface.

3.2 Results Generated from the Art Education APP Interface

After the visual saliency evaluation of the art education APP interface is completed, the
interactive interface of the art education APP is generated using the method in the text,
as shown in Fig. 3.

ouerd
@ .
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atout
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Fig. 3. The result of the mobile art education APP interactive interface
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According to the results in Fig. 3, in the art education APP interface generated by the
method in the paper, the immersive roaming experience is provided for users through
virtual reality technology, and the user’s experience is improved through different senses
such as vision and hearing.

3.3 Comparative Analysis

The fit of the APP interface refers to the degree to which the design and layout of the
application interface match user needs and usage habits. A well fitted interface can meet
users’ operational needs and provide an intuitive and consistent user experience. Conver-
sion fluency refers to the smoothness of switching, transitioning, and animation effects
between various elements in the application interface. An interface with high conversion
smoothness can make users feel that the switching between interface elements is natural
and without stuttering, providing a smooth and comfortable user interaction experi-
ence. Therefore, fit mainly focuses on the matching of interface design, while transition
smoothness emphasizes the transition effect and animation performance between inter-
face elements, which are important indicators for evaluating and optimizing application
interface design. Therefore, based on the above two indicators as the judgment content,
a comparative test is designed.

In order to avoid the oneness of the experimental results, the interaction design
method based on children’s cognitive development, the interaction design method based
on human-computer interaction technology and the interaction design method based on
augmented reality and visual communication were introduced for comparison, and the
fit and transition smoothness of the art education APP interface were tested. The results
are as follows.

1.00

095

Interactive  design method based on \./.

" children's cognitive development
O Interactive design method based on human-
computer interaction technology
O Interactive design method based on augmented reality
and visual communication

degree of fitting
4
o
S
T

0.85 -

——Q—— The method in this paper
1 1 1 1

| 1 1 | 1 1
1 2 3 4 5 6 7 8 9 10
Test interface

0.80

Fig. 4. Fit of art education APP interface

It can be seen from the results in Fig. 4 that the fitting degree of the art education APP
interface is above 0.95 when using the method in the paper. However, when using the
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interaction design method based on children’s cognitive development, the interaction
design method based on human-computer interaction technology, and the interaction
design method based on augmented reality and visual communication, the fitting degree
of the art education APP interface is lower than 0.95, which indicates that the interaction
interface generated by this method has a high fitting degree, which can provide users
with a more realistic sensory experience.

100

90 P Interactive design method based on
children's cognitive development
30 O Interactive design method based on human-

computer interaction technology
® Interactive design method based on augmented reality

0 = and visual communication

——Q@—— The method in this paper
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Number of concurrent users/person

Interface conversion time/ms

Fig. 5. Conversion fluency of art education APP interface

The results in Fig. 5 show that compared with the interaction design method based
on children’s cognitive development, the interaction design method based on human-
computer interaction technology, and the interaction design method based on augmented
reality and visual communication, the art education APP interface generated by the
method in the text has a high transition fluency.

4 Conclusion

This paper proposes an interactive design method of mobile art education APP interface
based on virtual reality technology. Through experimental testing, it is found that this
method can generate the interactive interface of mobile art education APP, and provide
users with immersive roaming experience. However, there are still many shortcomings
in this research. In the future research, we hope to take into account the impact of color
factors on user operation vision, so as to enhance the user experience. Meanwhile, with
the continuous development and diversification of mobile devices, future research will
be conducted on how to design art education APP interfaces that adapt to different screen
sizes, resolutions, and operating systems, ensuring a good user experience on various
devices.
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