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ARTICLE INFO    ABSTRACT 
 

This article presents the methodological proposal for the design and implementation of a containerized 
microservices architecture. The proposal covers the methodologies used for the research phase of the 
initial stages of project development, as well as the methodology used to create a test computing 
system. An architecture based on domain architectures is proposed, as well as the design of the system's 
physical architecture, based on the requirements presented by the collaborating institution for the test 
case. The results describe the configuration of the microservices and containers, as well as their 
integration into a common network of running services. 
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INTRODUCTION 
 
Currently, countless organizations remain trapped with software built 
on obsolete and fragile foundations; the magnitude of this problem is 
quite extensive, as approximately 65% of enterprise applications are 
legacy systems. The most frustrating thing is seeing how these 
organizations waste 60% to 80% of their IT budgets simply 
maintaining these completely obsolete systems, instead of investing 
in innovations that could truly transform their businesses (Occena, 
2025). These legacy systems work, but with many difficulties, built 
on monolithic architectures that are hard to manage, with poor or 
nonexistent documentation, and dependent on technologies that are 
often already obsolete; integrating them with modern platforms is an 
even more complex task (Sánchez, 2024). Microservices architectures 
emerge in this landscape as an encouraging alternative. Studies 
suggest that implementing microservices in containers can improve 
performance by up to 15%, since each component occupies its own 
space and is deployed almost instantly (Saransig, 2018). 
This article presents the proposed methodologies for designing 
microservice-based architectures using Docker containers. 
 
Proposed methodologies for project development 
 
This section presents the suggested methodologies for developing the 
project, from the information study and analysis phase to the phase 
detailing how the software system is developed. 
 
 
 

RESEARCH METHODOLOGY 
 
After analyzing several research methodologies, two approaches were 
selected that met certain important characteristics for carrying out the 
project: technological research and technological research in 
engineering. These methodologies are suitable for projects where the 
primary objective is not to establish new theories but to reconstruct 
processes by adapting and improving existing solutions. 
Technological research will allow us to examine existing solutions, 
take their best elements, and adapt them to the project’s needs (Bello, 
Retrieved March 6, 2025).Technological research in engineering adds 
a component of utmost importance: the intervention project (De la 
Cruz Casaño, 2016). As can be seen in Figure 1, this component goes 
beyond theoretical analysis, requiring the implementation of a 
solution that can be evaluated. In this case, this translates into the 
development of a functional system based on the proposed 
architecture. This will allow us to verify whether the requirements 
outlined in the research question are met. Additionally, it incorporates 
an iterative process that allows for constant feedback during the 
various stages of the project. 

 
The following stages are proposed for conducting the research: 
 
1.  Problem identification: This stage focuses on identifying and 

formulating the research problem; it is here that specific 
objectives are established and the scope of the research is defined. 
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2.  Literature review: Conduct a review of the literature related to 
the research topic, identifying background and methodologies 
used in other research studies. 

3.  Information analysis: In this phase, some solutions to the 
problem are developed or new questions about the topic are 
raised, using the information gathered in the previous phase. 

4.  Project development: Development of the intervention project: 
In this section, the system is developed and implemented using a 
software development methodology. 

5. Validation and verification: This stage is carried out by 
applying test cases. 

6.  Results: Interpret the results obtained in light of the research 
objectives, and identify possible areas for improvement. 

7.  Conclusions: Draw conclusions based on the findings obtained, 
and suggest recommendations for future research. 

 

 
 

Figure 1. Research methodology 
 

Computer System Development Methodology: For project 
management, an agile methodology is proposed that merges elements 
of Scrum and Kanban. As shown in Figure 2, Scrum provides the 
necessary structure through sprints with deliverables and periodic 
reviews that allow for adjusting the project's course (Estrada, 2021). 
Kanban provides a visual framework through its boards, which allows 
for improved sprint planning (Castro, 2025). Given that the 
development team is made up of a small group (three members), the 
Small-Scale Scrum variant (Garcia, 2019) is implemented, suitable 
for promoting self-organization, constant communication, and shared 
responsibilities in compact teams. This methodological combination 
allows for better iteration planning with continuous feedback. The 
methodology will be segmented into Sprints with the goal of 
maintaining a pace of progressive deliveries and adapting to client 
demands. 
 

 
 

Figure 2. System development methodology 

1.  Tool and Technology Evaluation: Compare container 
tools and APIs. 

2.  Case Studies: Analyze case studies with similar attributes 
to identify best practices and challenges. 

3. Requirements Gathering: In this stage, stakeholder 
interviews will be conducted to identify system needs. 

4.  Sprint Planning: 
- Initial Planning. The next stage aims to establish the 

general scope of the project, objectives, roles, and the 
initial backlog. 

- Sprint Planning. The work to be carried out during the 
sprint is organized. 

- Workflow Management using Kanban. This stage 
ensures a steady flow of work and eliminates 
bottlenecks. 

- Daily Scrum. The purpose of this stage is to monitor 
progress and quickly resolve blockers. 

- Sprint Review and Retrospective. The functional 
progress is shown to the Product Owner and feedback is 
received. 

- Incremental Delivery. At the end of each sprint, deliver 
product versions. 

- Repeat the Cycle. Explore and incorporate 
improvements or new features through continuous 
iterations. 

5.  Microservice Definition. In this segment, the microservices 
that will run in the system will be selected. 

6.  Container Design:  
Develop the structure that will incorporate each container. 

7.  Production Deployment:  
Implement the architecture in the production environment. 

 
System Architecture 
 
This section presents the suggested architectural design for the 
system, detailing both its layered logical structure and its 
physical implementation. The architecture establishes the 
modular structure of the system, detailing the different 
functional layers and their interrelationships, while the 
physical architecture illustrates the precise layout of the 
infrastructure elements, specifically tailored to the technical 
and operational needs of the collaborating institution. 
 
Logical view of the system 
 
The software architecture shown is based on domain-driven 
design principles, combined with a microservices perspective 
(see Figure 3). The core of this perspective is based on a 
detailed understanding of the business domain, which requires 
close collaboration between developers and domain experts 
(Osorio, 2023). This structure separates the core logic (kernel) 
from the technological components thru layers, while 
incorporating microservices for specific functional elements. 
This significantly simplifies system maintenance and evolution 
(López, 2017). This architecture provides a flexible, scalable, 
and modular working environment, specifically designed to 
support the continuous evolution of complex systems and their 
potential migration to cloud environments. The solution 
implements a layered structure of independent layers that 
isolates the core business rules from external dependencies 
(frameworks, databases, and interfaces) (Martin, 2017). 
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Figure 3. System development methodology

 
-  Core (Business Logic): The core houses the entities and 

thinking, based on the principle of onion and clean architecture. 
This ensures that business logic is separated and autonomous 
from the infrastructure. 

-  Use Cases: These implement specific use cases and communicate 
with the core through interfaces. This is inspired by the hexagonal 
architecture, in which services act as mediators.

-  Adapters (Interfaces): Ports and adapters link the core and 
services to external systems such as databases, external APIs, and 
others. This ensures that the core remains autonomous from the 
details of infrastructure implementation. 

-  Microservices: Each feature of the system is implemented as a 
self-contained microservice, deployed in containers. This enables 
scalability and continuous deployment, in accordance with 
microservices architecture best practices. 

-  Frameworks and Drivers: Considering the clean architecture, this 
layer is located externally, where it can cause minimal damage. It 
usually includes frameworks and tools such as database and web 
framework. 

 
Physical view of the System: To test the proposed methodology, a 
sports management system will be developed. This system will be 
used by an institution whose strategic objective is to provide medical 
care to athletes seeking to improve their physical performa
specific representative competitions. Through this system, both 
functional and non-functional requirements were identified, focusing 
on: managing sports medical appointments, managing athletes' 
medical records, generating statistical and monitoring 
fully controlling the medical consultation cycle. This analysis enabled 
the creation of the following essential artifacts: use case diagrams, 
abuse cases, class diagrams for sports medical entities, clinical and 
administrative process flows, and behavioral specifications for key 
modules. The findings of this study established the basis for the 
physical design of the system, as shown in Figure 4, ensuring that the 
suggested architecture meets the identified needs and established 
quality criteria. 
 
Within the architecture, users can access the application from 
browsers on computers, tablets, and phones, communicating via 
HTTP requests. Based on these requests, the frontend, developed in 
React, offers a visual interface. React manages system styles
CSS files and uses JavaScript to enhance interactivity and the user 
experience. When a user interacts with the interface, the frontend 
sends a request to Django, which in this case acts as middleware 
through the Django REST Framework. The latter a
between the visual layer and the microservices. In the backend, data 
models play a crucial role, representing the structure of the 
information and its storage in the database. 
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Figure 4. Physical view of the system

The system has several microservices created to improve and verify 
information on forms. 
 
The system incorporates the following microservices:
 
Credential Validation Microservice:
using a server-hosted Node.js service. The implementation will be 
based on a cloned Git repository. 
 
Analytics and Reporting Microservices:
charts, creation of customized PDF reports with user
parameters, and secure access to the database via ORM.
 
Medication Finder Microservice: 
integrated into the medical consultation section. It enables healthcare 
professionals to make better decisions regarding medications and 
provides information on recommended doses, adverse reactions, and 
other relevant data. This microservice belongs to the U.S. Department 
of Health and Human Services and is hosted in the cloud and will be 
accessed through an API. It also requires an additional service to 
operate.  
 
Translation microservice: Since all the information in t
search engine was available in English, a translator was needed to 
display the information in the appropriate language for the context of 
use. This microservice belongs to lingva
translation for both the request and the informa
Node.js service. To ensure scalability and portability, each essential 
element of the system is hosted in Docker containers, allowing 
deployment on both local and cloud servers, depending on the client's 
requirements. Interaction between various containers and 
microservices is achieved through REST APIs.
 
Frontend and backend configuration
a modular fashion, allowing for the addition of new features without 
significantly compromising system performance; 
necessary to separate the frontend and backend functionalities.
develop the frontend, we used the React development framework, 
hosted on port 5173, which handles everything related to the visual 
aspects of the system. The backend was b
development framework, which enabled the creation of all data 
models and the management of the application's core logic. This 
service runs on port 8000. To achieve communication between both 
parties, we used the Django Rest Framework, wh
communication by converting the data models to JSON format 
through views and serialization files.
 
Microservice Configuration: Regarding the services created by the 
development team, the configuration is very similar, as these two 
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microservices created to improve and verify 

The system incorporates the following microservices: 

Credential Validation Microservice: Validation of athletes' CURPs 
hosted Node.js service. The implementation will be 

Analytics and Reporting Microservices: Generation of statistical 
charts, creation of customized PDF reports with user-adjustable 
parameters, and secure access to the database via ORM. 

 This microservice is intended to be 
integrated into the medical consultation section. It enables healthcare 
professionals to make better decisions regarding medications and 
provides information on recommended doses, adverse reactions, and 

ata. This microservice belongs to the U.S. Department 
of Health and Human Services and is hosted in the cloud and will be 
accessed through an API. It also requires an additional service to 

Since all the information in the drug 
search engine was available in English, a translator was needed to 
display the information in the appropriate language for the context of 
use. This microservice belongs to lingva-translate. It allows 
translation for both the request and the information received, using a 

To ensure scalability and portability, each essential 
element of the system is hosted in Docker containers, allowing 
deployment on both local and cloud servers, depending on the client's 

ween various containers and 
microservices is achieved through REST APIs. 

Frontend and backend configuration: The system aims to operate in 
a modular fashion, allowing for the addition of new features without 
significantly compromising system performance; this is why it is 
necessary to separate the frontend and backend functionalities. To 
develop the frontend, we used the React development framework, 
hosted on port 5173, which handles everything related to the visual 
aspects of the system. The backend was based on the Django 
development framework, which enabled the creation of all data 
models and the management of the application's core logic. This 
service runs on port 8000. To achieve communication between both 
parties, we used the Django Rest Framework, which enabled 
communication by converting the data models to JSON format 
through views and serialization files. 

Regarding the services created by the 
development team, the configuration is very similar, as these two 
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microservices for generating reports and statistics on appointments 
and consultations are located in two different Django projects, hosted 
on ports 8001 and 8002. To communicate, information is obtained 
from the URLs belonging to the backend microservice. This allows 
these microservices to process and filter the relevant data for 
presentation on the frontend, either through graphs or to enrich the 
information contained in the generated PDF files. While the 
microservices cloned from Git repositories correspond to the CURP 
translation and validation service, they are developed in Node.js and 
are hosted on ports 3000 and 3001. For their execution, it was 
necessary to install the requirements specified in their documentation. 
Their information is managed by consuming their respective APIs. 
The APIs will be responsible for managing the requests necessary for 
the frontend to communicate with one of the two external services. In 
the case of the external microservice hosted in the cloud, a function is 
defined that queries the FDA API to obtain drug information, 
performs a search for information, and returns a list of processed 
objects. 
 
Container Configuration (Docker): To containerize the 
microservices, it was necessary to create a Dockerfile within the 
corresponding folder for each one. This allowed the creation of the 
image for each microservice, specifying the base environment on 
which the image will be built, the working directory, the installation 
of dependencies, the exposure of dependencies, and the startup 
command. The Docker Compose file also allowed the management of 
multiple containers, assigning a network over which they will 
communicate. This option is especially useful for applications with 
multiple services. 
 

RESULTS AND DISCUSSION 
 
This section presents the results achieved during the project 
execution. For this reason, the results obtained from the application 
evaluation are presented using test cases for each of the 
microservices. Performance was evaluated using load and stress tests 
performed using the Locust tool. 
 
Test Case Results Analysis: The test cases evaluated the performance 
of five microservices: CURP validation, medical appointment 
reporting, medical consultation statistics, medication search, and 
medical information translation. The findings generally indicate a 
high degree of efficiency and accuracy in the responses to the 
microservices, with the majority of cases marked as "Passed." This 
suggests that the systems meet functional requirements and 
adequately handle error cases. 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 

During CURP validation (VAL_001), the microservice demonstrated 
the ability to adequately distinguish between valid and invalid formats 
and identify incorrect data or structures. However, unexpected 
behavior was detected in the handling of a CURP with an invalid 
format, in which the system did not allow the process to continue. 

However, the reason for the inability to complete the process has not 
been specified. This indicates a potential area for improvement in the 
consistency of the error messages displayed by the system. The 
results were favorable for the reporting and statistics microservices 
(VAL_002 and VAL_003). The filters applied (for the athlete, area, 
dates, healthcare professional, etc.) fields worked appropriately, 
producing segmented reports and accurate statistics. Furthermore, the 
system correctly handled cases where no data was available, 
displaying clear messages to the user. This demonstrates an 
appropriate design for query management and data presentation. In 
the drug search test (VAL_004), the microservice effectively 
responded to valid searches, providing specific data such as dosages 
and adverse reactions. It also appropriately handled cases of invalid 
names or missing parameters, providing clear error messages. This 
demonstrates robust request and error management. Finally, the 
translation microservice (VAL_005) demonstrates its ability to 
convert medical data into the required language and handle 
circumstances such as empty text or unsupported languages. 
Furthermore, in connection interruption tests, the system 
demonstrated its resilience by remaining stable and providing 
information messages. These findings corroborate the reliability and 
effectiveness of the systems in a test environment, establishing a 
backup for their implementation in the production process. 
 
Load Test Analysis: Load tests performed with Locust (200 and 100 
users) show behavior relevant to the system architecture: the 
microservices operate autonomously, and although some bottlenecks 
exist in a microservice, they do not reduce the overall performance of 
the system. This reinforces the benefit of a decoupled architecture, in 
which the modification or optimization of one service does not impact 
the others. 
 
Key Findings 
 
System Resilience: Although Django 8001 (Citation Statistics) 
showed high latencies, the other services (Node, React, Django 
8000/8002) maintained optimal performance. This demonstrates that 
the system is well decoupled, so one slow service doesn't drag down 
the others. 
 

Overall Throughput: Remained stable, indicating that the current 
infrastructure scales appropriately. 
 

Different Tools: Node.js and React stood out for their efficiency, 
ideal for critical services such as CURP validation or user interfaces, 
while Django (especially in medical consultations) showed limitations 
in handling high loads, but its flexibility allows for specific 
improvements (e.g., caching, query optimization). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Improvement Opportunities: The Appointment Statistics service 
(Django 8001) is the only one that urgently requires optimization. 
Since the rest of the system does not depend on its speed, 
modifications can be implemented without risk of affecting other 
modules. 

Figure 5. Results of the applied test cases 
 

Microservice Test case ID Compliance Recommendation 
CURP Validation (VAL_001) Correct validation of formats and data. Check consistency between error 

messages and blocking actions. 
Appointmentreports (VAL_002) Filters (area, dates, athlete) work correctly. - 
Medical consultations (VAL_003) Segmented reports and precise date management. - 
Drugfinder (VAL_004) Detailed responses for valid searches. Clear error handling. Improve messages for empty searches. 
Translation (VAL_005) Accurate translation and handling of external errors. - 

 

Figure 6. Load test analysis 
 

Service Latency Throughput 
(RPS) 

% Failures Observation 

Node 3000 (CURP) 5 ms (200u) / 2 ms (100u) 29.7 / 18.9 0 % Excellent performance, minimal latency even under high load. 
React 5173 (Frontend) 5 ms (200u) / 2 ms (100u) 29.7 / 18.9 0% Quick responses, ideal for user experience. 
Django 8000 (Middleware) 42 ms (200u) / 25 ms (100u) 30.7 / 18.9 0% Stable, acceptable latency for both loads. 
Django 8001 (Citation 
Statistics) 

400 ms (200u) / 200 ms 
(100u) 

91.2 / 19.6 0.06% Bottleneck: Latency spikes (>5s at 200u). Requires 
optimization (SQL/cache). 

Django 8002 (Query 
Statistics) 

190 ms (200u) / 23 ms 
(100u) 

32.1 / 19.6 0% Good performance in 100-user test, but latency increases with 
more load. 
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Figure 7. Total request per secong

 

CONCLUSIONS 
 
The proposed architecture based on containerized microservices 
(Docker) proves to be a replacement for legacy systems, offering 
scalability, modularity, and portability. This article presented the 
methodology, which ranges from analysis to production, validat
the architecture through a real-world case study. It was observed that 
containerization simplifies the deployment and management of 
microservices, reducing dependency conflicts. The combination of 
Django (backend) and React (frontend) allows for a sepa
responsibilities, while using the Django REST Framework facilitated 
communication with external services. The microservices validated 
through test cases, which included circumstances with different 
inputs, both incorrect and correct, demonstrated 
operation. Despite partial outages, the core system maintained its 
operation, restricting the impact only to the impacted services, 
strengthening fault resilience and operational continuity. This 
behavior is confirmed in load tests, where services like Node.js and 
React maintained excellent performance even when others (like 
Django 8001) showed high latencies, demonstrating that decoupling 
prevents fault propagation and enables selective optimizations 
without impacting the overall system. 
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