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Abstract: As software systems continue to grow in complexity, traditional software development methods face
significant challenges. This paper explores the application of modular software development in Automatic Train
Supervision (ATS) systems, analyzing how modular development improves development efficiency, system
flexibility, and maintainability. Through a case study of an actual ATS platform, this paper demonstrates the
effectiveness of modular development in addressing specific issues encountered in ATS systems. The study
reveals significant improvements in key performance metrics such as development cycle duration, system
response time, code reuse rate, and failure rate following the adoption of a modular architecture. Additionally,
modular development fosters enhanced team collaboration, making systems easier to update and expand.
Nevertheless, modular development also confronts challenges like managing inter-module dependencies and
designing interfaces, which necessitate stringent dependency management strategies and effective interface
design. Overall, modular development offers a viable solution to the complexities of modern software
engineering, providing substantial flexibility and adaptability to changing market demands.
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I. INTRODUCTION
Software engineering began to emerge as a discipline in the 1960s and 1970s. Royce ™ was the first to
propose multiple key stages of software development in his paper, laying the foundation for subsequent
development models. Over time, software development gradually shifted from early structured programming to
object-oriented programming (OOP), with the work of Jacobson @ and others making OOP mainstream. In
recent years, with the rise of cloud computing and big data, software development has entered a new era
characterized by modularization, componentization, and microservice architectures.

Automatic Train Supervision (ATS) is a complex software system used for monitoring and managing
train operations. As urban transportation networks expand and train technology advances, the complexity of
ATS systems continues to increase, placing higher demands on software development. In this context, modular
software development has become a key method for achieving fast, efficient, and reliable software systems.

The purpose of this paper is to explore the application of modular software development in the ATS
program platform and analyze its contribution to improving the development efficiency, flexibility, and
maintainability of software systems. This study is based on actual cases of the ATS program platform and,
through literature review and case analysis, demonstrates the effectiveness of modular development in
addressing specific issues encountered in ATS systems.

Il. LITERATURE REVIEW

The theoretical foundation of modular software development holds a significant place in the history of
software engineering. As early as 1987, Royce™ introduced the concept of the software development lifecycle,
emphasizing the importance of stages such as planning, design, testing, and maintenance. This laid the
groundwork for subsequent modular development theories. Further advancements can be seen in Roth's (2021)
Bl discussion, where he proposed a conceptual framework for modular development, highlighting its role in
improving software quality and reducing maintenance costs. Additionally, the rise of object-oriented
programming (OOP), as described by Jacobson (1993) [, provided theoretical support for modular software
development. OOP, through concepts like encapsulation, inheritance, and polymorphism, encouraged the
modular organization of code.
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The history of software development shows a gradual shift from structured programming to modular
and object-oriented programming. In the 1970s and 1980s, structured programming was dominant, but as
software systems became increasingly complex, its limitations began to surface. In the 1990s, with the rise of
OOP, software engineers started focusing on decomposing large systems into smaller, more manageable
modules. By the 21st century, with the advent of cloud computing and big data, microservice architecture
became mainstream, further driving the evolution of software development towards modularization. This
evolution is widely documented in various software engineering literature, such as Sam Newman's (2021)
discussion on microservice architecture I,

According to the software engineering theory articulated by Parnas (1972) I, modular development
offers several advantages. Firstly, it enhances the maintainability and scalability of software. By breaking down
large systems into smaller modules, development and maintenance become more manageable. Secondly,
modularization promotes code reuse, which not only reduces development time but also improves software
quality. Additionally, modularization facilitates team collaboration, as different teams can independently
develop and test different modules.

In practice, modular development has been widely applied in various software projects. In enterprise-
level software development, modularization makes large systems easier to manage and scale. In the open-source
community, modularization fosters extensive collaboration and code sharing. For example, many popular
programming languages and frameworks, such as Java and .NET, emphasize the importance of modularization.
In cloud computing and microservice architecture, modularization is used to build scalable and flexible cloud
applications, as discussed by Martin Fowler (2014) 61,

Despite its many advantages, modular development also faces challenges in practice. For instance, high
inter-module dependencies can lead to complex dependency and integration issues. Moreover, excessive
modularization can result in performance degradation and increased management difficulty. Therefore, effective
modular development requires balancing module independence with overall system coherence.

11l. BACKGROUND AND ADVANTAGES

As software systems continue to grow and become more complex, traditional software development
methods face significant challenges. The traditional waterfall model, in particular, struggles to cope with
changing requirements and increasing system complexity. This challenge has led to the rise of modular
development methods. Modular methods decompose complex systems into smaller, more manageable units,
making the development process more flexible and adaptable to changes. Baldwin and Clark (2000) emphasize
that modularization allows for the independent development of various parts, thereby enhancing the
maintainability and adaptability of the entire system.

The advantages of modular development are primarily reflected in the following aspects:
1.1 Improved Development Efficiency

Modular architecture allows multiple teams to develop different modules in parallel, significantly
reducing the overall development time of the project. This parallel working model effectively addresses the
bottleneck issues in the traditional waterfall model, enabling projects to adapt and deliver more quickly.
Conway's Law, proposed by Conway (1968), reveals the impact of organizational structure on software design,
further emphasizing the role of modularization in promoting effective team collaboration and improving
development efficiency.

1.2 Enhanced Software Flexibility and Maintainability

Modular design allows individual modules to be modified, updated, or replaced independently of the
entire system, making the software system easier to maintain and upgrade. This design approach reduces
interference with the entire system and lowers the risk of errors during updates and maintenance. Parnas (1972)
highlighted the importance of modular design in enhancing software maintainability, emphasizing the value of
decomposing systems into highly cohesive, loosely coupled modules.
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1.3 Promotion of Code Reuse

Modular development encourages code reuse, thereby reducing redundant work and development costs.
Well-designed modules can be reused across different projects, improving resource utilization efficiency.
Szyperski (2002) discussed the reusability of components and modules in detail, pointing out that by reusing
validated modules, developers can focus on solving new and more complex problems rather than repeatedly
addressing known issues.

1.4 Facilitation of Team Collaboration

Modular structures allow different development teams to work independently on their respective
modules, reducing the complexity of team collaboration. This clear division of labor helps manage large
software projects and improves communication efficiency among team members. Brooks (1975), in his classic
work "The Mythical Man-Month," emphasized the importance of modularization in managing large projects,
noting that good modular design can effectively reduce project management difficulty and communication costs.

Modular development is not only applied in traditional software development fields but also widely
adopted in other areas. For example, in embedded systems, mobile application development, and cloud
computing, modular design has become a common practice. In these fields, the flexibility and scalability
brought by modularization are crucial for responding to rapidly changing technologies and market demands.

IV. CASE STUDY: ATS PLATFORM
Before the modular transformation, the development and maintenance of the Automatic Train
Supervision (ATS) program platform faced numerous challenges. The system's response time and processing
capacity were limited by its monolithic architecture. To address these issues, the ATS platform was redesigned
as a modular system, with each module responsible for a specific function, such as signal processing, vehicle
monitoring, and fault diagnosis. This transformation followed the design pattern principles proposed by Gamma
etal. (1994) [,

After the modular implementation, the performance and maintenance efficiency of the ATS platform
improved significantly. Below is a comparison of some key metrics before and after the transformation:

Tablel Comparative Analysis of Key Metrics Before and After Modular Implementation of the ATS

Platform.
Metric Before Implementation After Implementation Improvement
Development Cycle 18 months 12 months Reduced by 33%
System Response Time 2 seconds 1.2 seconds Improved by 40%
Code Reuse Rate 15% 50% Increased by 35%
Failure Rate 2 times per month 0.5 times per month Reduced by 75%

These data show that the modular architecture not only improved development efficiency and system
performance but also significantly reduced maintenance costs and system failure rates.

The modular architecture had a significant impact on the ATS development process. After adopting
modularization, the impact of requirement changes was confined to individual modules, making the entire
system more stable. Additionally, the modular architecture facilitated the adoption of agile development
methods, enabling teams to respond to changes more quickly and further enhancing project flexibility and
responsiveness.

In the future, the modular architecture of the ATS platform is expected to continue evolving, including
more refined module division, more efficient inter-module communication mechanisms, and the use of cloud
computing and big data technologies to improve system performance and scalability. Armbrust et al. (2010) 2
emphasized that cloud computing provides powerful resources and services that can bring higher computing
power and data processing capabilities to the ATS system.

V. CASE STUDY: ATS PLATFORM
Modular development has had a profound impact on the ATS program platform. Firstly, it has changed
the way projects are managed. Traditional monolithic structures lead to complex project management, making it
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difficult to respond to rapidly changing requirements. Modular architecture allows for more flexible project
management, which is a core aspect of agile methodologies. Secondly, modular architecture has improved the
maintainability and scalability of the system. Modularization makes maintenance and expansion work simpler
because changes are usually confined to a single module rather than the entire system.

While modularization brings many benefits, it also encounters challenges during implementation. The
main challenges include managing dependencies between modules and designing interfaces. To address these
challenges, the ATS project adopted detailed interface definitions and strict module dependency management
strategies. Good interface design and dependency management are key to ensuring the success of a modular
system.

Modular architecture also affects the way development teams work. Team members need to adapt to a
more decentralized and autonomous working environment. This requires developers to have cross-functional
skills and good communication abilities. The modular development approach can improve team efficiency but
also requires more coordination and communication.

In the long term, modularization will continue to influence the development of the ATS program
platform. With technological advancements, such as the integration of cloud computing and artificial
intelligence, modular architecture will provide greater flexibility and scalability to accommodate these new
technologies. The elasticity and scalability provided by cloud computing will be key to the future development
of modular systems.

VI. CONCLUSION

This study, through a case analysis of the ATS program platform, highlights the importance of modular
software development in modern software engineering. Modularization not only improves development
efficiency and system performance but also enhances the maintainability and scalability of software. These
advantages are crucial for addressing the increasing complexity of software and rapidly changing market
demands. Modularization is a key element in achieving agile development, enabling software projects to adapt
more flexibly to changes.

Although this study provides empirical support for modular software development, there are some
limitations. Firstly, the study mainly focuses on the ATS program platform, and its results may not be fully
applicable to other types of software projects. Future research could consider different types of software projects
to further verify the general applicability of modular development. Secondly, the study does not delve deeply
into the application of modular development in different team sizes and organizational structures. Future
research could focus on the practices and challenges of modularization in different team and organizational
environments.

Based on the findings of this study, we offer the following recommendations for practitioners:

<~ Clear Module Definition: When implementing modular development, clearly define the responsibilities
and boundaries of each module to reduce coupling between modules.

< Emphasize Communication and Collaboration: Encourage cross-module communication and collaboration
to ensure overall project consistency and coordination.

<~ Continuous Technical Training: Provide ongoing technical training for development teams to meet the
demands and challenges of modular development.

Modular software development has become a key method for addressing the challenges of
contemporary software engineering. Through modularization, software projects can respond to changes more
flexibly and efficiently while improving code reusability and overall system maintainability. As demonstrated
by the case of the ATS program platform, modular development can significantly enhance the performance and
maintainability of software systems, pointing the way forward for the future development of software
engineering.
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