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Abstract

Currently, the audiovisual media sector universally faces the challenge that its
technical architectures cannot adapt to evolving development requirements. On
the one hand, broadcast television media are unable to satisfy the rapid itera-
tion and diversified service development demands of internet-based operations.
On the other hand, internet audiovisual media enterprises struggle to meet the
broadcasting industry’ s requirements for high-quality content production and
management during their content creation and distribution processes. Conse-
quently, mainstream media and internet audiovisual media enterprises both
domestically and internationally are actively exploring technical support archi-
tecture systems that can accommodate media transformation needs. In this
context, the audiovisual media industry is gradually transitioning from tradi-
tional monolithic architectures to microservices architectures. This study ex-
amines the current challenges confronting audiovisual media content resource
service platforms—including poor scalability, incomplete native platform devel-
opment capabilities, and limited platform maintenance capacity—and explores
novel technologies and solutions capable of interfacing audiovisual media content
resource service platforms with third-party modules beyond these platforms.
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Abstract: The audiovisual media domain currently faces a fundamental mis-
alignment between technical architecture and development needs. On one hand,
traditional broadcast media cannot satisfy the rapid iteration and diversified
service demands of internet-based business models. On the other hand, internet
audiovisual media enterprises struggle to meet broadcast-grade requirements for
high-quality content production and management. Consequently, mainstream
media organizations and internet audiovisual companies worldwide are actively
exploring new technical architecture frameworks to support media transforma-
tion. In this context, the industry is gradually shifting from traditional mono-
lithic architectures to microservices architectures. This study analyzes current
challenges facing audiovisual media content resource service platforms, includ-
ing poor extensibility, incomplete native platform development functions, and
limited platform maintenance capabilities, and explores novel technologies and
solutions for connecting third-party modules beyond the platform itself.

Keywords: microservices; third-party modules; adaptation access; containers;
audiovisual media

1. Research Background

Driven by the “Internet Plus” wave of technical and business innovation, tradi-
tional broadcasting must embrace cloud computing and cloud-native technolo-
gies, supported by underlying microservices architectures. Compared with tra-
ditional technical architectures, microservices-based audiovisual media content
resource service platforms offer significant advantages. However, the integra-
tion of large quantities of third-party microservices modules presents numerous
challenges: non-standardized interfaces, security risks, low efficiency, ecosystem
isolation between microservices and traditional architectures, and diverse devel-
opment languages that increase system maintenance costs and hinder industry
development.

To address these issues, this paper proposes a technical solution for adapting and
integrating third-party modules into audiovisual media content resource service
platforms, providing an innovative approach for building an audiovisual media
microservices ecosystem. Through this technology, third-party modules (i.e.,
microservices or non-microservices modules developed by teams other than the
native development team) can be adapted and connected to the native platform,
deployed onto it to extend platform functionality and form a comprehensive
audiovisual media microservices ecosystem.

2. Overall Solution

As computing and network technologies continue to develop and proliferate, soft-
ware architecture has become increasingly critical in information system design.
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Traditional monolithic architecture patterns suffer from high coupling and poor
business module reusability, failing to meet modern user requirements. To solve
third-party module integration challenges, this paper proposes a comprehensive
solution based on container technology, as shown in Figure 1 [Figure 1: see orig-
inal paper]. This solution employs a container-based microservices architecture
to ensure third-party module availability and improve integration efficiency.

Through investigation of domestic and international technologies and reference
to the Audiovisual Media Microservices Architecture (MMA), we propose a
container-based microservices technology stack, identifying container and im-
age repositories as the foundation for third-party module integration. Based on
the seven functional domains of audiovisual media, we study business function
decomposition methods and principles to provide guidance for third-party mod-
ule development teams and establish standardized API interface specifications.
According to these universal API interface standards, third-party development
teams can design microservice interfaces, providing a unified interaction inter-
face for platforms and complex microservices. We also research microservice
image creation technology to guide teams in packaging microservice code and
runtime environments for upload to platform image repositories, enabling cross-
platform deployment and execution.

The overall solution for third-party module adaptation in audiovisual media
microservices can be divided into the following steps:

2.1 Business Microservitization

By analyzing audiovisual media business processes, data flows, and code
logic, we decompose original businesses into independent, system-appropriate
microservices aligned with seven domains comprising over 340 microservices.

2.2 Microservice Interface Design

Following module decomposition, interface design is conducted according to mi-
croservice functions and characteristics within the business system context. This
guides integration parties in modifying original monolithic application struc-
tures or non-compliant interfaces, implementing reasonable interface code based
on established principles.

2.3 Microservice Image Packaging

After local testing, third-party development teams package module code and en-
vironments using the methods provided in this solution, creating corresponding
images. Following authentication and authorization, these images are pushed
to the image repository.

chinarxiv.org/items/chinaxiv-202310.00425 Machine Translation


https://chinarxiv.org/items/chinaxiv-202310.00425

ChinaRxiv [$X]

3. Container-Based Microservices Platform Technology
Stack

Based on our understanding of the Audiovisual Media Microservices Architec-
ture (MMA) and container technologies, we propose a container-based microser-
vices platform technology stack for reference in building audiovisual media con-
tent resource service platforms. Current research indicates that only container-
based microservices technology stacks can guarantee third-party module adap-
tation and integration. The proposed technology stack is illustrated in Figure
2 [Figure 2: see original paper].

The platform consists of two layers. The underlying IaaS layer can be either
virtual machines or physical servers, with containers abstracting away the spe-
cific form of underlying resources. The middle CaaS layer primarily provides
container-level services, including Docker, Kubernetes, and Istio, corresponding
to container lifecycle management, container orchestration, and microservices
governance. This technology stack meets the characteristic requirements of
audiovisual media microservices architecture while providing container-related
services that lay the foundation for third-party module integration.

4. Monolithic Architecture Third-Party Module Mi-
croservitization

According to the above solution, our research focuses on three main aspects:
First, containers serve as the carrier for microservices. Through image pack-
aging technology, third-party microservices modules can be packaged and up-
loaded to image repositories for deployment. Therefore, the first research focus
is the container-based microservices platform, studying technologies suitable
for third-party module integration. Second, monolithic third-party modules re-
quire microservitization, including service decomposition and interface design.
Third, after microservitization, modules must be containerized and packaged
into images that shield underlying technical differences, enabling cross-platform
execution after upload to the image repository.

These three aspects complete the research on third-party module adaptation
technology, enabling smooth integration of monolithic or microservices-based
third-party modules into the platform.

4.1 Data Decomposition Method

This study adopts an optimized data flow-driven decomposition method, as
shown in Figure 3 [Figure 3: see original paper]:

1. Requirement Analysis: Analysts examine the software system require-
ments, identifying domain contexts and entities based on system use cases
or natural language business logic descriptions to prepare for data flow di-
agram construction.
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2. Simplified Data Flow Diagram Construction: Based on the require-
ment analysis, data analysts manually construct detailed hierarchical data
flow diagrams and simplified versions. The simplified diagrams follow pre-
defined decomposition rules, focusing on relationships between operations
and data stores while excluding extraneous information such as external
entities and specific data transmission details.

3. Partitionable Data Flow Diagram Construction: This step extracts
interaction information between operations and data stores from the sim-
plified diagrams, automatically transforming them into partitionable data
flow diagrams through algorithms. The focus on operation-data store in-
teractions aims to avoid splitting data stores across different microservices
during decomposition, thereby minimizing unnecessary data consistency
issues while maintaining fine-grained microservices.

4. Candidate Microservice Identification: The partitionable data flow
diagram is decomposed using designed algorithms that aggregate oper-
ations related to the same data store, then merge duplicate operations
across aggregates. The merged results serve as candidate microservices.

4.2.1 Partitioning Based on Minimum Spanning Tree We implement a
minimum spanning tree-based algorithm for business operation clustering. This
algorithm relies on parameters including a weighted graph G generated from
collected operation interaction data, the expected number of microservices m,
and a threshold n for the number of classes per microservice. In graph G, nodes
represent operation classes, and edge weights represent interaction frequencies
—higher weights indicate more frequent interactions and higher coupling, sug-
gesting these operations should be partitioned into the same microservice.

The algorithm first generates graph G’ s minimum spanning tree (MST) using
Kruskal’ s algorithm. Since higher edge weights indicate closer relationships,
weights are inverted before MST computation. The MST contains the most
tightly coupled operation nodes and edges. By sorting and sequentially re-
moving the highest-weight edges, we achieve decomposition of loosely coupled
operations. Depth-First Search (DFS) traverses the remaining subgraphs. The
algorithm terminates based on the expected microservice count and class thresh-
old parameters, providing flexibility for different requirements.

4.2.2 Database Table Partitioning Based on K-means The Database
per Service principle advocates that each microservice maintains its own
database, with other services accessing data through exposed interfaces.
During migration to microservices architecture, database tables must be
partitioned. Existing methods use simple rules based on operation-data store
relationships or design-phase entity analysis. However, in complex monolithic
systems, database tables exhibit coupling and cohesion that simple rules
cannot fully address, potentially resulting in inappropriate granularity and
performance impacts from frequent cross-service interactions.
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Building upon business decomposition results, we analyze interaction patterns
between collected operation classes and data stores during runtime, using K-
means algorithm for effective database table partitioning. K-means relies on
parameters from the previous clustering phase: operation sets and the weighted
graph G representing operation-database table interactions. The algorithm cal-
culates Dijkstra shortest paths between set points and central points using in-
verted edge weights, assigning points to the nearest central point cluster. Cen-
tral points are updated iteratively until convergence, outputting clusters repre-
senting candidate microservices containing database tables.

4.3 Third-Party Module General Interface Design Specification

Audiovisual media business is decomposed into seven domains with over 340
microservices. Combining object-oriented programming and operating system
function design principles, we propose a standardized interface design scheme:

1. All interfaces follow RESTful API style and use HTTP protocol.
2. All microservices encapsulate functionality through eight standard inter-
faces:

o Create Service: Creates a service based on user requirements, re-
turning a unique service ID. Service configurations persist indepen-
dently of service lifecycle.

o Open (Run) Service: Allocates IT resources to run the service,
returning runtime credentials valid for the current session. Optional
callback URLSs enable asynchronous notifications.

+ Close Service (Optional): Releases resources after use to reduce
waste. Some services auto-terminate.

e Get Service Information: Retrieves service name, runtime status,
resource usage (CPU, memory, I/0), etc.

o Destroy/Delete Service: Permanently removes services and asso-
ciated configurations.

o Update Service Information (Optional): Modifies service meta-
data such as name.

o Get Service List (Optional): Retrieves all services for a user with
basic information.

o Service Configuration (Optional): Allows advanced users to cus-
tomize service parameters when defaults are insufficient.

This scheme requires only simple secondary encapsulation of developed service
interfaces, providing clear functional boundaries, low development cost, and easy
implementation. The interface design abstracts relationships between services,
users, and platforms, reducing management complexity and learning costs.

5. Microservices Module Image Creation Technology

Container cloud platforms support two image building methods, as shown in
Figure 4 [Figure 4: see original paper]:
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Automatic Building: Users select a base image and configure startup com-
mands, environment variables, service ports, and other parameters. The plat-
form automatically generates a Dockerfile and builds the image via Docker API,
uploading it to the image repository.

Manual Building: Users create a container from a base image with SSH
service and mapped ports. After logging in via SSH to modify configurations
and files, users can verify changes through service ports. Upon confirmation,
the container platform automatically generates and commits the image to the
repository.

The platform records each user’ s build history for auditing and analysis.
Through the image management console, users can browse all images with
multi-dimensional sorting (by name, user, build time, etc.) and edit image
details including logo, description, ports, startup commands, environment
variables, and storage paths. Usage statistics support analysis. For deployed
images, rollback to previous versions is supported—a common operation during
application deployment. After successful image creation, running the image
in Docker achieves service deployment, with Kubernetes managing service
operations.

6. Summary and Outlook

This research on third-party module adaptation for audiovisual media microser-
vices aims to extend platform functionality, improve content production quality,
and accelerate ecosystem development. The proposed solution enables smooth
integration of third-party modules, rapidly forming an audiovisual media pro-
duction ecosystem and promoting industry development.

Future work will select different third-party modules for experimental valida-
tion. Based on testing results, we will continuously optimize the adaptation
technology to achieve a complete solution and establish technical specifications
for third-party microservices module integration testing, laying the foundation
for a robust audiovisual media microservices ecosystem.
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