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Abstract. This study addresses the needs of Chinese international education by
designing and implementing a collaborative editing system for educational re-
sources based on a cloud platform, supporting real-time editing and data con-
sistency across multiple users and locations. The system architecture integrates
Node.js and Python, utilizing the Operational Transformation (OT) algorithm to
resolve conflicts, and achieves low-latency real-time synchronization through
WebSocket and Redis. Performance testing indicates that the system demon-
strates excellent response speed and synchronization stability under high con-
currency scenarios. This system provides effective technical support for the
global collaboration of Chinese international education resources, enhancing
resource-sharing efficiency and user experience.
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1 Introduction

The research on a collaborative editing system for Chinese international education
resources aims to address the efficient collaboration needs across multilingual and
geographically diverse users, overcoming limitations of traditional editing methods in
terms of real-time synchronization and data consistency. The system framework, built
on a cloud platform, incorporates key technologies such as collaborative editing algo-
rithms and access control to balance multi-user editing, data security, and synchroni-
zation performance. Through implementation and testing, this system is expected to
improve resource-sharing efficiency and optimize user experience, providing technical
support for the digital transformation of Chinese international education and promoting
the global dissemination of language education resources.
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2 System Design

2.1  Overall System Architecture

The system architecture adopts a three-tier structure: user interface layer, application
logic layer, and data storage layer, aimed at enabling efficient collaborative editing of
Chinese international education resources. The user interface layer, accessed through a
web browser, allows users to perform online editing, commenting, and interaction. The
application logic layer manages editing processes, permission validation, and data
synchronization, facilitating multi-user collaboration on the server side. For the data
storage layer, a distributed NoSQL database, such as MongoDB, is used to efficiently
store and manage large volumes of educational resources, supporting unstructured data
[1]. To ensure real-time synchronization, the application logic layer employs the
WebSocket protocol to achieve low-latency data transmission and integrates the Op-
erational Transformation (OT) algorithm to resolve conflicts in collaborative editing,
ensuring consistency in the results of synchronized user operations.

2.2 Data Collection and Storage Module

The data collection and storage module is a crucial component of the collaborative
editing system for Chinese international education resources, responsible for acquiring
and managing educational resources from multiple sources. This module utilizes web
scraping techniques and API interfaces to automatically gather Chinese learning re-
sources from educational institutions, online databases, and social media platforms [2].
A distributed NoSQL database based on MongoDB is employed to store the collected
resources, supporting dynamic scaling and efficient retrieval. To ensure data con-
sistency and integrity, the system incorporates data validation and cleaning processes,
utilizing data normalization formulas such as (1):
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Among them, X s the raw data, H is the mean, and O is the standard devia-
tion. This process improves data quality and lays the foundation for subsequent edit-
ing and analysis. The module has set up a data backup mechanism to regularly store
data in the cloud to prevent accidental loss.

2.3 Collaborative Editing Module

The collaborative editing module is the core component of the Chinese international
education resources collaborative editing system, enabling real-time editing and col-
laboration among multiple users. This module is based on the Operational Transfor-
mation (OT) algorithm, allowing user operations on the same document to synchronize
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promptly, ensuring data consistency and integrity [3]. The OT algorithm operates
through formula (2):

C(a)xC(b) =C(b)xC(a) (@)

Among them, C(a) and C(b) respectively represent the operations performed
by two different users on the document. The formula indicates that regardless of the

execution order of operations ¢ and b , the final document state should remain
consistent. Operations include text insertion, deletion, or formatting adjustments. By
handling editing conflicts, ensure that the final result is consistent regardless of the
order of operations [4].

2.4  User Access Management Module

The user access management module employs a Role-Based Access Control (RBAC)
model, categorizing users into three types: administrators, editors, and guests, to ensure
system security and editing order [5]. Each user type has a different permission level:
administrators can manage resources, permissions, and users; editors have rights to edit
resources; and guests can only view content. Permission data is stored using encryption
algorithms to prevent unauthorized access and tampering. The system dynamically
allocates access rights based on user roles and monitors permission usage in real-time.

2.5 Cloud Platform Interaction Module

The cloud platform interaction module is the foundation for achieving cross-regional,
real-time collaborative editing. Using the WebSocket protocol, it establishes continu-
ous two-way communication between the client and server, reducing data transmission
latency and ensuring a smooth user experience. This module uses load balancing to
distribute requests, improving response speed, and applies the AES encryption algo-
rithm to secure transmitted data. Real-time data from user actions is encapsulated in
JSON format to facilitate cross-platform compatibility and processing efficiency [6].
The module also supports a resumable transfer mechanism to ensure data integrity in
cases of network fluctuations.

3 System Software Design

3.1 Main Program Design

The main program design adopts a modular architecture, utilizing Python and Node.js
as the core development languages to achieve efficient request handling and collabo-
rative operations. The main program manages user requests through API interfaces
between modules, integrating functions such as access validation, data synchroniza-
tion, conflict detection, and response within a unified framework. An asynchronous
processing model is used, leveraging Node.js's event-driven architecture to handle
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high-concurrency requests, ensuring response speed in multi-user editing scenarios [7].
MongoDB is used for persistent storage of resources, with Redis as a caching layer to
enable fast read and write operations and request queuing. The main program workflow
diagram (Figure 1) details the steps from user request to response: after a request
arrives, the system performs an access check, then calls the corresponding collaborative
editing or data processing module, and finally pushes the operation results to the user,
ensuring real-time multi-user collaboration and system stability. See Figure 1 for
details.

User Request Received

/

Permission Check

Approved

Collaboration Module Invocation Real-time Update

l

Data Processing Module Invocation

T~

MongoDB Persistent Storage Redis Cache Layer Push Operation Result to User

Fig. 1. Main Program Workflow Diagram

3.2  Data Synchronization Mechanism

The data synchronization mechanism ensures content consistency and low-latency
response in multi-user real-time editing scenarios [8]. Through a persistent connection
established by the WebSocket protocol, the system can achieve real-time push notifi-
cations of user operations. Redis, serving as a caching database, facilitates the tempo-
rary storage and rapid distribution of operations. Each user editing action is first rec-
orded in Redis, then synchronized to MongoDB for persistent storage, ensuring data
reliability. See Table 1 for details.

Table 1. Data Synchronization Performance Testing

Number of concurrent Average response time Synchronization success rate (%)
users (ms)
1000 45 99.9
3000 52 99.7

5000 68 99.2
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As shown in Table 1, when the concurrency reaches 5,000, the response time
slightly increases, but the synchronization success rate remains above 99%, indicating
that the system's synchronization mechanism demonstrates good stability and effi-
ciency under high concurrency. As the number of concurrent users increases, the sys-
tem's response time shows a slight increase but remains within a reasonable range,
with the synchronization success rate consistently approaching 100%, indicating a
strong capacity for handling high concurrency in the data synchronization mechanism.
See Figure 2 for details.

Data Synchronization Performance Under Different Concurrency Levels
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Fig. 2. Data Synchronization Performance Test Comparison

3.3  Conflict Resolution Strategy

The system adopts a conflict resolution mechanism based on timestamps and priorities.
Each operation is assigned a timestamp and priority level [9]. When multiple users
perform conflicting actions at the same location, the system prioritizes the earliest
operation based on the timestamp, then processes subsequent operations according to
their priority. Offline users' edits are synchronized and adjusted upon reconnection
using timestamps and action logs to ensure no data is lost and versions remain con-
sistent.

4 System Implementation and Testing

4.1 Development Environment and Technology Selection

For efficient collaborative editing and real-time synchronization, the system is devel-
oped using a combination of Node.js and Python, with the front end built on the React
framework to enhance responsiveness and compatibility. MongoDB is chosen as the
main storage database to support extensive educational resource management, while
Redis serves as a cache to accelerate data read/write operations. Development tools
include Visual Studio Code and Postman for debugging, with Jenkins used for con-
tinuous integration and automated testing.
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4.2  Core Function Implementation

The core functions encompass collaborative editing, access control, and real-time
synchronization. Collaborative editing uses the Operational Transformation (OT)
algorithm to maintain content consistency during simultaneous multi-user editing [10].
Access control implements role-based access to restrict operations based on user type,
ensuring data security. Real-time synchronization is achieved through the WebSocket
protocol and Redis cache, enabling low-latency data updates.

4.3  System Performance Testing

System performance testing evaluates stability and efficiency by gradually increasing
the number of concurrent users and monitoring response times. JMeter is used to sim-
ulate different levels of concurrency, recording the system's average response time,
synchronization success rate, and memory usage. Results show that as the number of
concurrent users increases, response time and memory usage slightly rise, but syn-
chronization success rate remains stable. See Table 2 for details.

Table 2. System Performance Test Results

Number of con- Average response Synchronization Memory usage rate
current users time (ms) success rate (%) (%)
1000 45 99.9 55
3000 52 99.7 65
5000 68 99.2 73
7000 85 98.9 80
10000 102 98.7 85

As shown in Table 2, when the number of concurrent users reaches 10,000, the av-
erage response time remains around 100ms, memory usage increases to 85%, and the
synchronization success rate still reaches 98.7%, indicating good scalability and sta-
bility.

4.4  Application Effect Analysis

The application effect analysis evaluates the system's actual performance based on user
feedback and experimental data. Test users experienced real-time editing, commenting,
and access control features, and the system demonstrated stability across different
network environments. According to the feedback data, over 90% of users expressed
satisfaction with the system's synchronization speed and operational smoothness.
Figure 3 below presents statistical data on user satisfaction, synchronization latency,
and response speed. The results show that the system maintains excellent responsive-
ness and low latency under high concurrency, effectively supporting cross-regional,
multi-user collaboration needs, indicating high user satisfaction and practicality in
real-world applications.
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System Performance Metrics Under Different Concurrency Levels
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Fig. 3. System Performance Metrics Under Different Concurrency Levels

5 Conclusion

The collaborative editing system for Chinese international education resources con-
structed in this study demonstrates high efficiency and stability in multi-user real-time
editing, data synchronization, and access management. Performance testing results
confirm the system’s reliability under high concurrency. The system provides a
cross-regional, low-latency collaborative experience, enhancing collaboration effi-
ciency among multiple users. In the future, further optimization of algorithms, im-
provement of response speed, and expansion of intelligent features will be significant in
increasing the system's adaptability and scalability, driving innovative development in
educational resource sharing and application.
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