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Introduction

Currently, organizations face the need to create scalable applications in an agile way that impacts new
forms of production and business organization. The traditional monolithic architecture no longer meets
the needs of scalability and rapid development. The efficiency and optimization of human and
technological resources prevail; this is why companies must adopt new technologies and business
strategies. However, the implementation of microservices still encounters several challenges, such as the
consumption of time and computational resources, scalability, orchestration, organization problems, and
several further technical complications. Although there are procedures that facilitate the migration from
a monolithic architecture to microservices, none of them accurately quantifies performance differences.

Microservices architecture (MA) is an approach to building distributed applications, where the
application is composed of individual modules known as microservices. Each microservice possesses its
unique functionality, ensuring that a failure in one service does not have a detrimental impact on the
entire application. This architecture promotes the encapsulation of related modules within a service,
fostering high cohesion internally and loose coupling externally. The benefits offered by this approach
have prompted numerous companies, including Google, Amazon, IBM, and Netflix, to migrate from a
monolithic architecture to a microservices architecture.

Keywords: Architecture, Containers, Cloud, Mathematical Model, Metrics, Microservices,
Monolithic, Performance

Comparison of Architectures
o Monolithic Architecture

A monolithic architecture refers to an application consisting of a single codebase where all components
are tightly coupled with one another. Developing, testing, and deploying monolithic applications are
relatively easier. Therefore, considering this architecture for initial project development can be a
favorable choice. However, as the application grows, it becomes increasingly challenging to comprehend
and modify the system, leading to slower development. Issues such as locating errors in the code,
complex code structure, and difficulties faced by developers working in the same environment may
arise.
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o Microservices Architecture

Microservices architecture is designed to address the limitations of monolithic systems. By breaking
down an application into smaller, independent services, it offers scalability, reliability, and long-term
maintainability. While load tests indicate that microservices architecture is more efficient for handling a
high number of requests, monolithic architecture is more efficient under lower loads and easier to
develop and integrate. The choice should be guided by business goals to meet investor expectations.
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Fig. 1. Transitioning from Monolithic to Microservices Architecture
Architecture Decomposition

Building a new application solely with microservices can be costly and time-consuming due to the
separate management of its components. A more efficient approach involves extracting small
components from the existing monolithic architecture and developing new functionality as
microservices. For example, a real-world financial application with over 1.2 million users successfully
transitioned from a monolithic to a microservices architecture through this decomposition approach.
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Transitioning from monolithic to microservices architectures can greatly enhance system scalability and
maintainability, particularly in complex domains. A domain-driven approach emphasizes aligning
software architecture with business needs, ensuring each microservice corresponds to a specific domain
function. For instance, in the development of user-centered interfaces for deaf and functionally illiterate
users, services were modularized to enhance accessibility and usability through specialized components
such as the Italian Sign language dictionary and virtual character-based interfaces. Similarly, in the
usability analysis of educational information systems during the COVID-19 pandemic, a microservices
architecture allowed for modular development and deployment of features such as online assistance,
multilingual support, and interactive virtual classrooms. By decomposing these complex systems into
manageable, domain-specific microservices, organizations can better address user requirements, improve
system resilience, and adapt swiftly to changing needs. This case study underscores the importance of
iterative development, continuous user feedback, and the integration of domain-specific knowledge in
successfully transitioning to a microservices architecture.

Migration Challenges and Strategies
Background and Motivation

The transition to microservices often arises when the codebase and company scale increase, presenting
challenges related to system structure and maintenance. Netflix’s migration to AWS cloud-based
microservices after critical data corruption incidents highlights the need for accessibility, scalability, and
speed. Similarly, Uber’s expansion posed challenges in maintaining their monolithic architecture,
leading to the adoption of service-oriented architecture (SOA) or microservices architecture.

Migration Challenges
1. Managing multiple services and distributed systems.

2. Ensuring proper security measures, such as secure communication channels and authentication
mechanisms.

3. Handling potential impacts on application performance.
4. Aligning organizational structure and team skills with the new architecture.
Strategies for Migration

1. Domain-Driven Design (DDD): Identify bounded contexts and align microservices with business
domains.

2. Incremental Migration: Gradually replace monolithic components using the strangler pattern.

3. Utilizing Automation Tools: Employ tools like Docker, Kubernetes, and CI/CD pipelines to
streamline development and deployment.

In another study, four steps are proposed as a structured and iterative approach to migrating from
monolithic to microservices architecture. The first step is analysis, in which the monolithic application is
analyzed to identify its components and dependencies. The second step is extraction, in which each
component is extracted into a separate service while preserving dependencies. The third step is
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refactoring, in which the extracted services are refactored to ensure adherence to microservices
architecture principles, such as loose coupling and single responsibility. The fourth and final step is
orchestration, in which an orchestration layer is implemented to manage communication between the
microservices, such as through an API gateway or service mesh.

Literature Review and Findings

A critical analysis of research highlights the importance of modularity and domain-driven approaches in
microservices development. Techniques such as static analysis, clustering algorithms, and domain
models have been employed to decompose monolithic systems into microservices. Studies confirm the
efficiency of microservices in enhancing scalability, usability, and modularity, especially in dynamic
environments like healthcare and financial systems.

Case Studies of Successful Transformations
Netflix

Netflix transitioned to microservices to improve scalability, accessibility, and resilience, supporting
millions of global users.

Amazon
Amazon adopted microservices to enable global scalability and reduce time-to-market for new features.
Uber

Uber’s migration addressed challenges in rapid growth and geographic expansion, enhancing flexibility
and deployment speed.

Success Metrics for Transition
1. Operational Metrics: Uptime, response time, and latency.
2. Business Metrics: Time-to-market, customer satisfaction, and retention rates.
3. Team Productivity: Deployment frequency and mean time to recovery (MTTR).
4. Cost Metrics: Infrastructure cost savings and total cost of ownership (TCO).
Conclusion

Transitioning from monoliths to microservices is a complex yet rewarding journey. Microservices offer
an effective solution for breaking down large applications into independent and self-contained services.
This research paper introduces a technique for transforming monolithic application features into
microservices, with a focus on a real-time application. The migration strategy primarily relies on
domain-driven design principles, encompassing key steps like domain analysis using Data Flow
Diagram, identification of bounded contexts, selection of aggregates, events, and domain services, as
well as identification of microservices. The paper also addresses the communication approach among
services to enhance application performance.
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However, it is essential to acknowledge that application decomposition is a time-consuming process that
requires expert guidance. Additionally, this approach may not be suitable for applications with minimal
complexities. Looking ahead, the research aims to extend the conversion of other application
components in diverse domains, transitioning them from monolithic to microservices architecture. By
leveraging the power of microservices, applications can achieve greater flexibility, scalability, and
maintainability, enabling them to meet the dynamic demands of modern business environments.

Furthermore, the transition to microservices significantly enhances maintainability by isolating each
service, allowing for easier updates and debugging without impacting the entire system. This isolation
also bolsters security, as vulnerabilities in one service do not necessarily compromise others. However,
potential performance bottlenecks can arise due to the overhead of inter-service communication,
particularly if not well-optimized. Therefore, careful consideration and implementation of efficient
communication protocols are crucial. These factors underscore the importance of a well-thought-out
migration strategy to fully realize the benefits of microservices while mitigating associated challenges.
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