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Carlos Manuel Machado Palma

Orientador(es) | Pedro Salgueiro

Vitor Beires Nogueira
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Abstract

This dissertation presents the design and development of a microservices-based plat-
form for timesheet management at the University of Évora. The aim of this work is
to modernize and streamline the existing timesheet processes, improving efficiency,
scalability, and maintainability through the adoption of a microservices architecture.
The platform leverages technologies such as Spring Boot, Angular, both Sql and No
Sql databases to ensure real-time data processing, fault tolerance, and seamless
integration with the existing university systems.

This work begins with a thorough analysis of the current timesheet management
workflow, identifying key pain points and requirements. Based on this analysis, a
modular architecture was designed, enabling independent development, deployment,
and scaling of individual services. Each microservice is responsible for a specific
domain function, facilitating better maintainability and testability.

A prototype of the platform was implemented and evaluated in a simulated
university environment. The results demonstrate significant improvements in task
automation, response time, and overall system reliability.

Keywords: timesheets, microservices, Spring Boot, CI/CD, Docker, GitLab,
DevOps
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Sumário

Desenvolvimento de uma plataforma baseada em Mi-

croserviços para a gestão de Folhas de Horas na Uni-

versidade de Évora

Esta dissertação apresenta o desenho e o desenvolvimento de uma plataforma baseada
em microserviços para a gestão de folhas de horas na Universidade de Évora. O ob-
jetivo deste trabalho é modernizar e simplificar os processos existentes de gestão
de horas, melhorando a eficiência, a escalabilidade e a capacidade de manutenção
através da adoção de uma arquitetura de microserviços. A plataforma recorre a
tecnologias como Spring Boot, Angular e bases de dados SQL e NoSQL, de forma a
garantir o processamento de dados em tempo real, a tolerância a falhas e a integração
transparente com os sistemas existentes na Universidade.

O trabalho inicia-se com uma análise abrangente do fluxo atual de gestão de
folhas de horas, identificando os principais desafios e requisitos. Com base nessa
análise, foi concebida uma arquitetura modular que permite o desenvolvimento, a
implementação e a escalabilidade independentes de cada serviço. Cada microserviço
é responsável por uma função específica do domínio, o que facilita a manutenção e
testabilidade.

Foi implementado e avaliado um protótipo da plataforma num ambiente univer-
sitário simulado. Os resultados demonstram melhorias significativas na automatiza-
ção de tarefas, no tempo de resposta e na fiabilidade geral do sistema.

Palavras-chave: folhas de horas, microserviços, Spring Boot, CI/CD, Docker,
GitLab, DevOps
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Chapter 1

Introduction and Motivation

This chapter introduces the context and motivation for this dissertation, highlighting
the limitations of manual timesheet management using spreadsheets and explains the
need for a digital solution that improves data accuracy, reduces errors, and enables
real-time monitoring. The chapter also outlines the main objectives of the study,
focusing on the design and implementation of a scalable, user-friendly timesheet
management platform using modern software engineering practices. Finally, the
methodology adopted for system development and validation is briefly presented.

1.1 Problem Context

The manual management of employee timesheets through Excel spreadsheets, once
a practical solution for smaller organizations, has proven increasingly insufficient as
workforce size and operational complexity have expanded. This method is vulnerable
to a range of errors—incorrect data entry, overlooked records, and general inconsis-
tencies—primarily due to human oversight and the absence of automated validation.
As a result, data integrity is compromised, undermining decision-making processes
and leading to unreliable reporting.

Furthermore, the exclusive reliance on spreadsheets complicates the consolida-
tion of information across teams or departments, creating delays in payroll, project
tracking, and compliance checks. The lack of integration with other organizational
systems restricts real-time insight into workforce distribution and project status,
thereby impeding effective strategic planning.

These difficulties highlight the urgent need for a comprehensive digital platform
that automates the collection and validation of timesheet data. Such a system would
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ensure more consistent and accurate information for management purposes, while
enabling real-time analytics and reporting. Implementing this solution is critical not
only for minimizing errors and reducing administrative workload, but also for en-
hancing operational efficiency and adapting to changing business requirements. This
dissertation presents a modern software architecture that prioritizes maintainability,
scalability, and user-friendly accessibility.

1.2 Motivation

The challenges inherent in manual timesheet management emphasize the importance
of developing a more efficient, reliable, and scalable solution. Inaccurate or delayed
timesheet data not only affects operational efficiency but also has broader implica-
tions for project management, employee satisfaction, and organizational compliance.
As companies increasingly adopt flexible and remote working arrangements, the lim-
itations of spreadsheet-based tracking become even more pronounced, highlighting
the need for a modern, digital approach.

The motivation for this dissertation lies in addressing these deficiencies by design-
ing and implementing a dedicated timesheet management platform that leverages
contemporary software engineering practices. By employing a microservices archi-
tecture, the system can achieve modularity, scalability, and maintainability, enabling
the organization to adapt more rapidly to evolving requirements. Integrating tech-
nologies such as Angular for the frontend, Spring Boot for backend services, and
Docker for containerized deployment ensures that the platform is both user-friendly
and operationally robust.

Additionally, implementing continuous integration and continuous deployment
(CI/CD) pipelines enhances the system’s reliability and accelerates the delivery of
new features, while automated validations reduce human error and improve data
quality. The development of this platform is therefore motivated by the desire to
transform a historically error-prone, time-consuming process into an efficient, trans-
parent, and dependable solution, ultimately contributing to better organizational
performance and informed decision-making.
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1.3 Objectives

The main goal of this dissertation is to design and create a digital timesheet manage-
ment platform. This platform aims to overcome the issues of manual spreadsheet
processes by offering a reliable, scalable, and user-friendly solution. The result-
ing system should improve data accuracy, lessen administrative work, and allow
for real-time monitoring and reporting while following modern software engineering
practices.

To reach this overall goal, several specific objectives are outlined. First, the sys-
tem’s requirements, both functional and non-functional, need to be analyzed and
formalized to make sure the proposed solution meets the needs of the organization.
Based on these requirements, a microservices-based architecture will be created to
support modularity, scalability, and maintainability, this approach will help the
system evolve and adjust to new situations over time. The services will be built
with Spring Boot, Java and Maven for backend functions and Angular for the fron-
tend. This setup will ensure smooth interaction between components and provide a
consistent user experience. Special attention will be given to including automated
validation mechanisms, which are crucial for reducing human error and enhancing
the reliability of recorded data. The system will be designed using a configurable
approach so that validations, urls and all the other possible variables are easy to
change if needed. Lastly, continuous integration and continuous deployment prac-
tices will be added using GitLab pipelines to ensure automated builds, testing, and
deployment. Docker will be used to support containerized deployment and help with
the transition between development and production environments. Together, these
objectives will help create a strong platform that can turn timesheet management
into an efficient, clear, and sustainable process.

1.4 Methodology

The approach taken in this dissertation follows a clear path that blends theoretical
research with practical application. The first step involved a thorough literature
review focused on time management systems, software architecture models, and
current DevOps practices. This review laid the groundwork for spotting the short-
comings of existing methods and for outlining the needs of a more efficient and
scalable solution. Special focus was given to microservices, continuous integration
and deployment, containerization technologies, frontend frameworks like Angular,
and other tools that could assist in implementing the system.

15



After the analysis, the requirements for the system were gathered and clearly
defined. Both functional and non-functional needs were taken into account, focusing
on reliability, scalability, usability, and security. This stage closely matched the
practical issues found in the manual timesheet management process, making sure
the system design directly responded to the organizational context.

Once the requirements were set, the solution’s architecture was crafted using a
microservices model. The chosen technologies—Spring Boot, Java, and Maven for
backend services, Angular for the frontend, and Docker for containerization—were
selected for their modularity, maintainability, and ability to meet future demands.
This architecture was enhanced by using GitLab pipelines and Docker Hub Repos-
itories for continuous integration and deployment, which ensured the system could
be built, tested, and delivered reliably and automatically.

The implementation stage transformed the architectural design into a function-
ing prototype. Each microservice was developed separately, tested individually, and
then combined to create the full platform in a local setting. The frontend was
developed alongside, concentrating on usability and consistency for a smooth inter-
action with the backend services. Care was taken to implement adjustable validation
mechanisms that reduced human error and improved data quality. Lastly, the mi-
croservices were moved to a new environment provided by the university for testing
in a real-world context.

System validation was done through a mix of automated testing and manual
evaluation. Unit and integration tests were run to confirm the accuracy of individual
components and their interactions, while scalability and usability were examined
through targeted experiments and user feedback. This evaluation was crucial to
see if the developed platform truly met the goals defined in the early phases of the
dissertation.

1.5 Document Structure

This dissertation is organized into eight chapters that provide a detailed account
of the research, design, and implementation of the proposed timesheet management
platform. Chapter 1 introduces the problem context, the motivation for the work,
the objectives, and the chosen methodology. It highlights the limitations of manual
timesheet management and explains the need for a digital solution. Chapter 2
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presents the current state of the field, analyzing and compares existing approaches
to timesheet management while reviewing modern software engineering practices
and design frameworks that inform the proposed system. Chapter 3 and Chapter 4
focus on the system requirements and architecture, detailing both functional and
non-functional requirements, as well as the overall design decisions, technologies,
and models that support the platform. Chapter 5 describes the implementation,
explaining how the system was developed, how the various components interact,
and how technologies like Spring Boot, Angular, and Docker were integrated to
create a cohesive solution. Chapter 6 is dedicated to validating and evaluating
the platform, covering testing methods, performance assessment, and user feedback
to show how the solution addresses the initial problems. Finally, Chapter 7 and
Chapter 8 conclude the dissertation, summarizing the main contributions, discusses
the work’s limitations, and suggests potential directions for future research and
system development.
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Chapter 2

Background and State of the Art

This chapter examines the current technologies and tools relevant to timesheet man-
agement systems, focusing on both frontend and backend solutions, data handling,
and deployment practices. It reviews popular frontend frameworks, libraries for ex-
porting and generating reports, API communication methods, and containerization
platforms, highlighting their strengths and typical use cases. A critical analysis of
existing systems identifies limitations and gaps, particularly in educational envi-
ronments, providing the basis for designing a flexible, scalable, and domain-specific
timesheet platform tailored to academic institutions.

2.1 Timesheet Management Systems

Several commercial time tracking systems are already in use within the educational
sector. These systems are designed to streamline the process of logging, monitoring,
and analyzing the hours worked by teachers and other staff members. Below is an
analysis of some notable systems and the technologies they employ. Table 2.1 is a
structured comparison of these systems.

Jibble

Jibble is a versatile time tracking system widely used in educational institutions due
to its flexibility in supporting various check-in methods, including facial recognition,
GPS-based tracking, and mobile app integrations. This system is built with modern
web technologies such as React and Node.js, offering a scalable and responsive user
interface. Jibble also integrates seamlessly with third-party tools like Slack and
Microsoft Teams, making it a popular choice for hybrid learning environments [1].
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Acadly

Acadly is primarily a classroom management tool that incorporates automatic at-
tendance tracking and student engagement features, such as polls and quizzes. It
integrates with Learning Management Systems (LMS) through APIs and uses cloud
technologies for real-time data processing. The system’s backend is built on Ama-
zon Web Services (AWS), ensuring high availability and scalability. Its frontend is
developed with Angular, allowing a dynamic user experience across devices [2].

Alma

Alma is a comprehensive Student Information System (SIS) that includes time track-
ing and attendance management among its many features. Designed for integration
with Google Classroom and other educational tools, Alma uses RESTful APIs to
facilitate data exchange. Its architecture relies on cloud-native technologies, pro-
viding secure and reliable data management. The platform’s frontend is built with
Vue.js, chosen for its lightweight and adaptable nature [3].

BrioHR

BrioHR, although primarily a Human Resources Management System (HRMS), of-
fers robust time tracking capabilities tailored for educational institutions. It lever-
ages machine learning algorithms for attendance pattern analysis and uses React for
its frontend, combined with a Python-based backend for efficient data processing.
The platform also supports integration with payroll systems, enhancing its utility
in managing staff time and attendance [4].
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Table 2.1: Comparison of Educational Timesheet Systems

System Main Features Technology
Stack

Limitations in Aca-
demic Context

Jibble Face/GPS check-in,
Slack/Teams integra-
tion

React, Node.js,
Cloud backend

Limited project-based
reporting

Acadly Attendance + en-
gagement tools (polls,
quizzes)

Angular frontend,
AWS backend

Focused on students,
not staff timesheets

Alma Student Information
System with time
tracking

Vue.js frontend,
REST APIs,
Cloud-native

Primarily SIS, lacks
dedicated staff work-
flow

BrioHR HR management with
ML attendance analy-
sis

React frontend,
Python backend

Geared to HR,
not academic re-
search/projects

2.2 Software Architectures

The option of choosing whether to develop an application in microservices or mono-
lithic architecture models is one of the most important decisions that software ar-
chitects have to make as it has ramifications in the long-term as well. This section
examines these two styles in a comparative approach in terms of their basic struc-
ture, strengths and shortcomings.

2.2.1 Monolithic Architecture

A monolithic architecture is a software design where all parts of the system, like
the user interface, business logic, and data access layers, are built together as one
cohesive unit with a shared codebase. Despite its simplistic design, this structure
presents several constraints as changing any part of the system requires developers to
update and redeploy the entire application, which can complicate the maintenance
and updating process.

A key benefit of monolithic architecture is its ease of use in the initial development
phases, as it enables simpler management with all components in one project. This
can result in quicker development times because there is no requirement to handle
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the intricacies of distributed systems, simplifying the process of monitoring changes,
debugging, and testing the entire system. Deployment is also simpler because the
complete application is deployed as a single executable bundle.

As the application expands, monolithic architectures can become harder to handle
because the system is not modular, restricting scalability as individual components
cannot be scaled separately. This also negatively impacts the system’s reliability,
as a failure in a single component can propagate and affect the entire application.
Moreover, any modification to the underlying foundation or technologies used in
the monolithic architecture requires a complete system redeployment, which may
result in increased downtime as well as additional time and cost overheads. The
structure also lacks adaptability in incorporating new technologies due to its strong
connection to the original design decisions[5].

2.2.2 Microservices Architecture

A microservices architecture is a modern approach to software design in which an ap-
plication is structured as a collection of small, loosely coupled services, each responsi-
ble for a specific function. Unlike monolithic architectures, in which the entire appli-
cation is developed as a single cohesive unit, microservices architectures enable each
service to be developed, deployed, and maintained independently. Each microservice
encapsulates its own business logic and typically manages its own database, func-
tioning as a self-contained unit. This autonomy in deployment and management
allows individual services to scale independently, providing greater flexibility and
adaptability as the system evolves.

One of the primary benefits of microservices is their scalability, since each service
is modular, specific components can be scaled without impacting the entire sys-
tem, which makes it easier to respond to increasing user demand in different parts
of the application. This modular nature also facilitates more frequent updates,
as changes to one microservice do not require redeploying the entire application,
reducing downtime and improving system agility. Additionally, microservices ar-
chitectures are well-suited to DevOps practices, particularly continuous integration
and delivery (CI/CD), as they allow for faster iteration and more reliable rollbacks
when problems occur.

However, the independence of each service introduces significant complexity. Man-
aging multiple services, each with its own codebase, database, and deployment
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pipeline, can lead to high complexity where the sheer number of services in the
system creates organizational and technical challenges, making it harder to main-
tain consistency across the architecture. Coordination between teams also becomes
more complex, as each service might be developed by different groups, which requires
effective communication and integration strategies to ensure smooth operation.

Moreover, while microservices offer flexibility in terms of technology choices, where
different teams can use different programming languages or frameworks, this flexi-
bility can lead to a lack of standardization, over time, this can make system mainte-
nance harder, as the diversity of tools and approaches across services increases. The
cost of infrastructure also rises with microservices, as each service might require
its own dedicated resources for hosting, monitoring, and deployment, potentially
leading to exponential increases in operational expenses.

In terms of reliability, while microservices are often more resilient than monolithic
systems—since the failure of one service does not necessarily bring down the entire
application—debugging can be more challenging. Distributed services mean dis-
tributed logs and metrics, which complicates tracing the source of issues, especially
when multiple services are involved in a single business process[5].

2.2.3 Architecture Advantages and Disadvantages

Both architectures are valid approaches and usually they are used depending on
the requirements of the system.Table 2.2 sums the main differences between the 2
architectures.

Monolithic Architecture – Advantages and Disadvantages

Monolithic Architecture has the distinct benefits and drawbacks. Monolithic is
particularly beneficial because it is simpler to develop; in this case, the whole code
is stored in one place allowing developers to work on one codebase, hence making
the development process easier, on top of that, deploying is simple enough since the
application is wrapped in one binary file.

Unfortunately, monolithic architectures have also disadvantages that need to be
considered. Maintenance is a problem that compounded as the application size
increased, with the larger codebase adding the difficulty of management and updates.
Reliability is another issue, since a malfunction in an application component will
most probably cause a complete system breakdown. Furthermore, availability issues
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are often linked to the need to redeploy the entire application when updates or
changes are applied, which is a common practice in monolithic architectures and
inevitably introduces the risk of system downtime. Additionally, monolithic systems
lack flexibility, making scalability a significant challenge, as individual components
cannot be scaled independently.

Microservices Architecture – Advantages and Disadvantages

Microservices architecture presents distinct advantages and disadvantages, making it
a compelling choice within contemporary software development practices. A strong
advantage of it is easy maintenance whereby each microservice serves a specific
business capability, so the developers can get to the functionality and thus manage
them more effectively. The architecture is also reliable, because, if one microservice
failed, the other services are not affected, so the risk of the whole system failure
is decreased. This architecture also promotes high availability, as a new version of
a microservice is usually deployed with minimal downtime. The other big thing is
scalability, microservices can be scaled independently, which means you can use the
resources in a smart way.

However this architecture presents some drawbacks as well, the complexity of
deployment is rising due to the distributed nature of microservices, a careful man-
agement and orchestrating of many services is needed to be done. Data integration
can be a problem, since it is more challenging to maintain effective communica-
tion and consistency between independent services, which often requires complex
solutions to be implemented.

Last but not least, the cost problem: using a microservices-based system usually
involves more expenses, as it requires multiple environments, hosts, and sometimes
even the involvement of separate cloud and infrastructure teams that handle the
complexity.
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Table 2.2: Advantages and Disadvantages of Monolithic and Microservices Archi-
tectures

Aspect Monolithic Microservices

Deployment Single deployable unit; sim-
pler initial setup

Independent service deploy-
ment; supports CI/CD

Scalability Whole system scales as one
piece

Individual services scale in-
dependently

Maintenance Tight coupling increases
technical debt

Easier to isolate and update
components

Reliability Failure in one module can
crash the entire system

Failure in one service rarely
affects others

Cost/Complexity Lower infrastructure cost,
simpler debugging

Higher infra cost, complex
monitoring

2.3 Frameworks and Tools for Microservices Devel-

opment

In software development, a framework provides a pre-defined structure that serves
as a skeleton for building applications. It abstracts complex programming tasks by
offering reusable components, tools, and libraries, allowing developers to focus on
implementing application logic rather than underlying infrastructure. Frameworks
improve consistency, efficiency, and scalability, making them essential in modern
software development practices.

Frameworks are crucial for several key reasons. First, they help standardize the
development by implementing consistent coding and design patterns, which helps
teams easily collaborate and perform codebase maintenance. Second, they greatly
enhance efficiency by making available ready-to-use components for common func-
tionalities like database interactions, security, and user authentication, reducing
development time and effort. Third, frameworks provide abstraction to mask low-
level details of programming and enable developers to focus on the core feature set
of an application. Further, scalability is considered in the design of frameworks,
which makes them very suitable for architectures like microservices that must meet
increasing demands. Lastly, established frameworks boast of extensive documenta-
tion, active community support, and regular updates that make them reliable to
last for a long period.

24



In the context of microservices, frameworks play a pivotal role in simplifying the
development, deployment, and management of distributed services. They provide es-
sential mechanisms such as service discovery, communication, and resilience, which
are critical for ensuring that independent services operate reliably and efficiently.
Among the many frameworks available, Spring Boot and Spring Cloud stand out as
particularly effective for building scalable and maintainable microservice architec-
tures. The following sections present an overview of these frameworks and their key
features.

2.3.1 Spring Boot

Spring Boot[6] is a robust framework that was designed to make it easier to build web
applications. Based on the original Spring project, it greatly reduces the amount
of configuration necessary, allowing developers to focus on creating strong microser-
vices. Auto-configuration, standalone deployment, and numerous starter dependen-
cies are only a few of its key features, which collectively make it possible to quickly set
up and create. In addition, Spring Boot has excellent support for creating RESTful
services, which makes it particularly suitable for microservice architecture.

2.3.2 Spring Cloud

Spring Cloud [7] complements Spring Boot by providing a set of tools and de-
sign patterns for microservices. It provides service discovery, circuit breakers, and
centralized configuration management, each of which is an essential characteristic
in addressing the complexities of microservices. The seamless integration between
Spring Cloud and Spring Boot is very powerful, allowing developers to build robust
and scalable microservices.

2.3.3 Relational and Non-Relational Databases

Databases are a critical component of modern software systems, serving as reposi-
tories for structured and unstructured data, they are broadly categorized into rela-
tional databases (SQL) and non-relational databases (NoSQL), each with distinct
characteristics and use cases.

Relational databases are based on a structured schema, typically organized into
tables with rows and columns, each table represents an entity, and relationships
between tables are established using keys. This approach provides a high level of
consistency and is ideal for systems requiring complex queries and transactions, such
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as financial applications. Popular relational database technologies include MySQL,
PostgreSQL, and Microsoft SQL Server. These databases are ACID-compliant, en-
suring reliable transactions and data integrity, which makes them suitable for use
cases where consistency is critical [8].

On the other hand, non-relational databases offer greater flexibility and scalability
by departing from the rigid tabular schema of relational systems, instead, they store
data in various formats, including key-value pairs, documents, column families, or
graphs. This diversity enables non-relational databases to handle diverse and evolv-
ing data models efficiently, making them an excellent choice for modern, distributed
applications and big data use cases [9]. Table 2.3 summarizes the main differences
between the two types of databases.

Relational Databases

Relational databases have firmly established themselves as the go-to choice for ap-
plications that need reliable transactions, well-organized data, and robust referential
integrity.

The relational model, introduced by Codd, leverages normalization to minimize
redundancy and utilizes primary and foreign keys to maintain integrity between
different entities and SQL, being a declarative language, allows for complex queries,
joins, and aggregations—key components for advanced analytics and enterprise-level
reporting[8].

The ACID principles (Atomicity, Consistency, Isolation, Durability) guarantee
dependable transactions, even during system failures or high-load scenarios,this re-
liability makes relational databases particularly suitable for critical applications like
financial systems, inventory management, reservation platforms, and healthcare so-
lutions.

Modern relational database management systems (RDBMS) have advanced to fa-
cilitate scalability and high availability through features like synchronous and asyn-
chronous replication, sharding, horizontal partitioning, and fully managed cloud
offerings (such as Amazon RDS, Azure SQL Database, and Google Cloud SQL).
Many database engines also include features like stored procedures, triggers, and
advanced indexing methods (like B-Tree, GiST, and GIN) to enhance performance
for large queries.
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Popular technologies in this space include PostgreSQL, known for its extensibility
(including geospatial functionality through PostGIS), MySQL/MariaDB, favored for
large-scale web applications, and Microsoft SQL Server, which excels in enterprise
settings with strong business intelligence capabilities. These examples highlight
the maturity and rich ecosystem that make relational databases a vital part of
contemporary software development.

Non-Relational Databases

The non-relational databases are an important part of modern, distributed system
which is designed to scale horizontally, able to handle unstructured data with high-
performance query in distributed environment. They provide flexibility in how data
is modeled, which makes them particularly useful for heterogeneous and rapidly
changing datasets than their relational counterparts. Non-relational databases are
further divided into several types, which are designed for different use cases.

Document databases store data in JSON-like documents, allowing developers to
structure their data intuitively and flexibly. This approach is ideal for scenarios
where the schema may evolve over time. Technologies such as MongoDB and Couch-
base are commonly used in content management systems and real-time analytics due
to their robust support for hierarchical data structures and dynamic queries.

In terms of cost, both MongoDB and Couchbase offer open-source editions suit-
able for cost-sensitive projects. MongoDB Community Edition is freely available
and can be deployed locally or on private servers. However, managed solutions such
as MongoDB Atlas incur charges based on resource usage and scalability require-
ments. Similarly, Couchbase Community Edition is open-source and free to use
with the Apache 2.0 License as well. The Community Edition itself offers a great
set of features but lacks some advanced functionalities and support available on the
Enterprise edition. If you need enterprise-grade capabilities, both MongoDB and
Couchbase offer commercial paid for managed services with enhanced functionality
alongside professional support.[10, 11]

Key-value stores represent another category, pairing unique keys with correspond-
ing values, these databases are highly efficient for simple operations, such as lookups
and session storage. Examples include Redis, which is widely used for caching, and
Amazon DynamoDB, which provides high-speed data access in cloud environments.
Key-value stores are often employed in applications where low latency is critical [12].
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For analytical workloads, column-family stores excel by storing data in columns
rather than rows, facilitating fast aggregation and retrieval of large datasets. Tech-
nologies like Apache Cassandra and HBase are prominent in big data ecosystems,
particularly for time-series data and distributed logging systems.

Lastly, graph databases are specialized for applications that require modeling
relationships between entities, they are highly effective for use cases such as social
networks, fraud detection, and recommendation engines. Examples include Neo4j,
a popular open-source option, and Amazon Neptune, a managed graph database
service. These systems leverage graph structures to enable complex queries over
connected data efficiently [13].

All non-relational database types boast strengths of their own. MongoDB is
more suited for rapid prototyping and flexible schema design, Apache Cassandra
outshines at handling huge amounts of data with low latency in distributed envi-
ronments. Databases are just a generic term for a place to store your data, different
requirements of the application development will ensure whether you need an SQL
database or NoSQL database such as queries which are more complex and larger in
amount are done with full speed through Massive Processing Framework which is
possible by storing the records on distributed clusters.

Table 2.3: Relational vs. Non-Relational Databases

Feature Relational (SQL) Non-Relational
(NoSQL)

Schema Fixed schema, normalized
tables

Flexible or schema-less doc-
uments/keys/graphs

Consistency ACID transactions, strong
consistency

Eventual consistency
(varies by type)

Scalability Vertical scaling, limited
horizontal sharding

Designed for horizontal scal-
ing and big data

Query Language SQL (complex joins, aggre-
gations)

APIs or custom query
languages (e.g., MongoDB
queries)

Best For Financial, transactional sys-
tems

Content management, real-
time analytics, IoT
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2.3.4 Frontend Tools for Interactive User Interfaces

Developing an intuitive and efficient user interface is crucial for a system that allows
employees to log their working hours. Popular frontend frameworks offer different
approaches to achieve this goal.

React, for instance, is a lightweight and flexible JavaScript library developed by
Facebook, known for its component-based architecture that promotes re-usability
and a virtual DOM that enhances rendering performance. It excels in projects re-
quiring fast rendering, such as dashboards with frequent state changes. Additionally,
its extensive ecosystem of third-party libraries provides significant flexibility for cus-
tom and scalable solutions, making it an excellent choice for development teams that
value adaptability and a relatively shallow learning curve for new developers [14].

Angular, developed by Google, offers a comprehensive framework with built-in fea-
tures such as two-way data binding, dependency injection, and a powerful command-
line interface (CLI). This framework is particularly suited for large-scale, enterprise-
grade applications that require a well-structured approach. Its strict architecture
and integration with TypeScript promote maintainability and help reduce errors
in complex systems. Teams already familiar with TypeScript or those managing
complex frontend logic will benefit from Angular’s robust and opinionated approach
[15].

Vue.js is often considered a middle ground between React and Angular, offering
a combination of simplicity and flexibility. It features a gentler learning curve com-
pared to Angular while maintaining a robust reactivity system similar to React. Vue
is particularly advantageous for small to medium-sized projects that require rapid
development and gradual scalability. Its straightforward syntax and flexibility make
it appealing to teams seeking a balance between ease of use and powerful features,
especially in environments with limited resources or tight deadlines [16].

Choosing between these frameworks depends largely on the project’s complexity
and team expertise. React is ideal for projects prioritizing flexibility and perfor-
mance with a broad ecosystem. Angular is best suited for enterprise-level applica-
tions requiring a structured and scalable approach, while Vue is an excellent choice
for teams aiming for fast development with a simpler framework. Table 2.4 shows
in a visual manner the main differences between the various frontend frameworks.
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Table 2.4: Comparison of Major Frontend Frameworks

Framework Language Strengths Typical Use Case

React JavaScript/JSX Flexible ecosystem,
fast virtual DOM
rendering

Dashboards and apps
with frequent UI up-
dates

Angular TypeScript Full-featured, opinion-
ated, strong tooling
(CLI, DI)

Large enterprise apps
with strict architec-
ture

Vue.js JavaScript Gentle learning curve,
progressive adoption

Small to medium
projects needing quick
ramp-up

2.3.5 Data Transmission Approaches

Effective data transmission is essential in a timesheet management system, as it
ensures that information about employee hours, project assignments, and approvals
is accurately and efficiently exchanged between the frontend, backend, and exter-
nal services. Choosing the right communication approach impacts the system’s
performance, scalability, and reliability, directly affecting real-time updates, report
generation, and integration with other organizational platforms. Therefore, careful
consideration of data transmission methods is crucial to maintain consistency, reduce
errors, and provide a seamless user experience. In this context, the following sections
focus on REST and SOAP, two widely adopted approaches that offer complemen-
tary advantages in terms of simplicity, reliability, and support for enterprise-level
operations, which are particularly relevant for the needs of our platform. Addition-
ally, modern query languages such as GraphQL are also considered, offering more
precise and flexible data retrieval capabilities that address some of the limitations
of traditional API approaches, particularly in systems with complex and dynamic
data requirements.

REST (Representational State Transfer)

REST is an architectural style that relies on stateless communication and resource-
oriented interactions. Built on top of the HTTP protocol, it employs standard HTTP
methods—such as GET, POST, PUT, and DELETE—to manipulate resources iden-
tified by URLs. One of REST’s primary advantages is its simplicity and ease of use,
which has contributed to its widespread adoption for web services.
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RESTful services are designed to be stateless, meaning that each request from
a client contains all the information necessary for the server to fulfill that request.
This statelessness enhances scalability and makes it easier to manage sessions. Addi-
tionally, REST can deliver data in multiple formats, such as JSON, XML, or HTML,
making it flexible for various client applications [17].

SOAP (Simple Object Access Protocol)

SOAP, on the other hand, is a protocol designed for exchanging structured informa-
tion in the implementation of web services, relies on XML as its message format and
usually operates over HTTP, but can also work with other protocols such as SMTP
or TCP. It is characterized by its formal structure and relies on a set of standards
that ensure message integrity, security, and transaction compliance.

One of the primary advantages of SOAP is its ability to support complex oper-
ations through its extensibility and built-in error handling. SOAP services typi-
cally adhere to a strict contract defined by the Web Services Description Language
(WSDL), which describes the available methods and their input/output require-
ments. This makes SOAP a suitable choice for enterprise-level applications that
demand a high degree of reliability and security [18].

GraphQL (Query language for APIs)

GraphQL is a contemporary query language and runtime for APIs, created to offer
a more efficient and flexible option compared to standard RESTful APIs. Originally
created by Facebook in 2012 and made available to the public in 2015, GraphQL
solves data retrieval problems like over-fetching and under-fetching by enabling
clients to accurately define the data they require.

In contrast to REST, where every endpoint is predetermined with set data struc-
tures, GraphQL utilizes a solitary endpoint and provides a schema outlining the
types available and their connections. Customers have the ability to construct
queries to obtain the exact information they need in one request, eliminating the
necessity for multiple trips to the server.

Although GraphQL is increasingly gaining popularity and offers several advan-
tages, it continues to face challenges. Despite growing adoption within the technol-
ogy community, there remains a lack of comprehensive empirical studies evaluating
its use in real-world industrial and governmental contexts. Research on aspects
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such as performance under high load, security considerations, and best practices for
schema design and maintenance is still ongoing.

In general, GraphQL represents a significant shift in API design, providing a more
flexible and effective method for data communication, particularly in situations with
complicated data demands and specific client requirements [19].

Choosing Between REST, SOAP, and GraphQL

Choosing between REST, SOAP, and GraphQL involves evaluating factors such as
simplicity, performance, security, interoperability, and the specific requirements of
the application. Each approach offers distinct advantages and trade-offs depending
on the system’s complexity and data needs. Table 2.5 is a structured comparison of
these approaches.

In terms of simplicity, REST stands out as lightweight and easy to implement,
making it suitable for rapid development and web-based applications. GraphQL,
while slightly more complex due to schema definition, allows clients to request ex-
actly the data they need, reducing over-fetching and under-fetching compared to
REST. SOAP is more complex, adhering to strict standards that suit enterprise-
level systems with extensive feature requirements.

Regarding performance, REST’s stateless nature and scalability make it appro-
priate for high-load scenarios. GraphQL can improve efficiency by minimizing the
number of requests required to fetch precise data, which is particularly beneficial
for applications with complex or nested data structures. SOAP, while capable of
handling complex operations, introduces additional overhead that can impact per-
formance in certain contexts.

Security is another critical consideration. SOAP provides robust built-in secu-
rity through WS-Security, ensuring message integrity and reliability. REST relies
on HTTPS and external protocols such as OAuth, offering less integrated secu-
rity compared to SOAP. GraphQL’s security depends largely on implementation
practices, including query depth limiting and authentication mechanisms, requiring
careful configuration to match enterprise security needs.

Regarding interoperability, SOAP’s platform-agnostic nature, supported by WSDL,
ensures consistent integration across diverse systems. REST is highly flexible but
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may require additional documentation for consistent integration. GraphQL pro-
vides a strongly-typed schema and a single endpoint, simplifying client-server com-
munication, though it may require more upfront design effort to ensure consistent
integration across multiple clients.

In conclusion, REST is ideal for applications prioritizing simplicity, scalability,
and rapid development, particularly in web and mobile environments. GraphQL
is well-suited for systems with complex or variable data requirements that benefit
from precise and efficient queries. SOAP remains the preferred choice for enterprise
scenarios demanding strict security, reliability, and support for complex operations
[20].

Table 2.5: Comparison of REST, SOAP, and GraphQL

Aspect REST SOAP GraphQL
Simplicity Simple,

lightweight
Complex, strict Moderate, schema

required
Performance Fast, stateless Overhead in com-

plex ops
Efficient, precise
queries

Security HTTPS/OAuth WS-Security,
strong

Depends on config

Interoperability Flexible, manual
docs

WSDL ensures
consistency

Single endpoint,
typed schema

Use Case Web/mobile apps Enterprise sys-
tems

Complex/variable
data

Inter-service Communication

In microservices architectures, communication between services is a critical aspect
of ensuring cohesion and reliability across the platform. While REST, SOAP, and
GraphQL define how data is structured and transmitted, frameworks like Feign
simplify the actual implementation of such communication in Java-based systems.

Feign Clients [21] are declarative REST clients integrated with Spring Cloud that
allow developers to define service-to-service calls through annotated interfaces rather
than manually managing HTTP connections. This abstraction reduces boilerplate
code, improves readability, and allows seamless integration with service discovery
mechanisms such as Netflix Eureka or Spring Cloud LoadBalancer. Feign also sup-
ports fault tolerance through integration with tools like Hystrix or Resilience4j,
providing retries, fallbacks, and circuit breaking in case of service failures.

33



Besides Feign, other communication mechanisms are commonly used in microser-
vices ecosystems. For synchronous communication, developers may rely on REST
Templates or WebClient (from Spring WebFlux)[22], which provide greater control
over HTTP calls but require more manual configuration compared to Feign. For
asynchronous communication, event-driven approaches based on message brokers
such as Apache Kafka [23] or RabbitMQ [24] are often employed. These enable de-
coupled, scalable, and fault-tolerant communication patterns where services interact
through published and consumed events rather than direct HTTP requests.

By combining declarative clients such as Feign for synchronous, request-response
scenarios with event-driven communication for asynchronous use cases, microservices
architectures achieve a balance of simplicity, scalability, and resilience, which is
essential in complex platforms such as timesheet management systems.

2.3.6 Data Export Libraries

In any timesheet management system, the capability to generate and export docu-
ments is essential for reporting, auditing, and record-keeping purposes. Users require
the ability to produce downloadable files in formats such as Excel and PDF to ef-
ficiently analyze, share, and archive timesheet data. Therefore, it is important to
evaluate and select appropriate technologies that facilitate this functionality.

For exporting timesheet data into Excel files, FileSaver.js and XLSX.js provide
efficient solutions. FileSaver.js is a lightweight library that enables browsers to save
files locally, making it particularly useful for generating downloadable Excel files
without relying on server-side processing. Its ease of integration and simplicity are
key advantages, especially in scenarios where quick and straightforward downloads
are required [25].

On the other hand, XLSX.js offers comprehensive tools for reading, manipulating,
and writing Excel files in various formats, supporting more complex data export
needs. Its flexibility in handling different file formats and seamless integration with
frontend frameworks make it a preferred choice for projects requiring advanced Excel
file manipulation [26]. Depending on the project’s requirements, FileSaver.js is ideal
for straightforward file downloads, while XLSX.js is more suitable for complex data
handling
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For server-side PDF generation in Java, the most widely used libraries include
iText, Apache PDFBox, and OpenPDF.

iText provides a comprehensive API for creating dynamic PDF documents, sup-
porting structured layouts, tables, and embedded graphics. It also offers advanced
capabilities such as digital signatures and encryption, making it suitable for scenarios
that require secure and well-formatted reports. [27]

Apache PDFBox, on the other hand, is a pure Java, open-source library that
enables both the creation and manipulation of PDF files. It supports operations
such as text extraction, merging, and splitting, which are particularly valuable for
applications that need to process existing PDF content programmatically. [28]

Lastly, OpenPDF is an open-source Java library for PDF generation and manipu-
lation, derived from an earlier version of iText before it adopted a commercial license.
It provides functionality for creating structured documents with tables, images, and
styled text, while also supporting encryption and digital signatures. Unlike iText,
OpenPDF is fully distributed under the LGPL and MPL licenses, which makes it
especially suitable for academic and research projects requiring free and permissive
licensing. [29]

All three libraries are widely adopted in enterprise Java applications for auto-
mated document generation. While iText excels in advanced features and enterprise
support, PDFBox is ideal for processing existing documents, and OpenPDF offers
a licensing model that is more accessible for open-source, academic, and research
contexts.

2.4 CI/CD, Docker, DevOps, GitLab Pipelines

This section explores DevOps practices and tools that facilitate automation, scal-
ability, and reliability in software delivery. Topics include containerization, orches-
tration, and deployment pipelines.

2.4.1 Containerization Platforms

A containerization platform is a technology that allows for bundling an application
and its operating system dependencies, libraries, and configuration files into one self-
contained entity called a container. It abstracts the application away from the actual
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operating system to run uniformly on different environments, whether development,
testing, staging, or production.

Containerization platforms are widely used in modern software development, espe-
cially in microservices architecture, due to the many advantages they offer. Among
the key benefits is portability. Containers can be easily deployed across diverse en-
vironments, including a developer’s laptop, private data centers, and public cloud
platforms, provided the container runtime is supported. This flexibility allows for
consistent and reliable application deployment, irrespective of the underlying infras-
tructure.

Another strong benefit of containerization is isolation. Each container has its iso-
lated environment in which applications are running, so they won’t affect each other’s
processes, dependencies, or configurations. The isolation contributes to system sta-
bility and simplifies the work with complex multi-service environments because it
reduces conflicts between dependent components.

In terms of resource efficiency, containers are significantly lighter than traditional
virtual machines, as they share the host system’s kernel. This architecture reduces
the overhead associated with running multiple operating system instances and en-
ables more efficient utilization of computational resources, while also improving
application startup times.

Containerization finally ensures the consistent deployment of the whole runtime
environment of the application, its dependencies, libraries, and configuration files.
It simply ensures that all applications will perform the same in all stages of develop-
ment and deployment, which in turn reduces the chances of any environment-specific
problems and enhances overall reliability related to software delivery pipelines.Building
on this concept, the following sections present prominent containerization platforms
that exemplify these benefits in practice.

Docker
Docker [30] is the major containerization platform that plays a vital role in

microservices deployment by allowing developers to package an application and its
dependencies into a container; Docker ensures consistency in the execution of the
application across different environments. This model simplifies the deployment,
scaling, and management of microservices by enabling them to run in isolation.
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Inherent portability in Docker makes it easy to deploy microservices across multiple
cloud and on-premises infrastructures.

Kubernetes
Kubernetes[31] provides orchestration for containerized applications, including

microservices. It enables automated deployment, scaling, and management of con-
tainerized applications, simplifying the task of managing a complex microservices
architecture. Starting from automated load balancing or service discovery over self-
healing to other features, Kubernetes provides efficient ways for teams to maintain
microservices at scale, ensuring high availability and optimal performance. Addi-
tionally, Kubernetes offers significant advantages in terms of compatibility, as it
integrates seamlessly with Docker and other containerization platforms.

2.4.2 CI/CD and Deployment Pipelines

Continuous Integration (CI) and Continuous Deployment (CD) are fundamental
practices in modern software engineering that aim to automate the process of build-
ing, testing, and deploying applications. CI/CD pipelines reduce manual errors,
accelerate delivery, and ensure that software can be reliably released at any time,
which is particularly important in microservices architectures where multiple ser-
vices evolve independently.[32]

CI focuses on the frequent integration of code changes into a shared repository, ac-
companied by automated builds and tests. This practice ensures that code changes
do not introduce regressions, maintaining system stability while enabling rapid fea-
ture development. CD extends this process by automating the deployment of vali-
dated changes to staging or production environments, ensuring consistent and reli-
able delivery across environments.[32]

2.4.3 GitLab Pipelines

GitLab Pipelines [33] provide a practical implementation of CI/CD, enabling teams
to define the stages of software delivery—from build and test to deployment—using
a single YAML configuration file. GitLab’s integration with containerization plat-
forms, such as Docker, allows pipelines to build, test, and deploy containerized
applications consistently across different environments.

Key features of GitLab Pipelines include parallel job execution, automatic trig-
gering based on repository events, and seamless integration with version control
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and container registries. These capabilities enhance automation, improve feedback
loops, and facilitate reliable software delivery in complex systems. By leveraging
pipelines, development teams can ensure that each microservice in a system is tested
and deployed independently, improving scalability, maintainability, and operational
efficiency.

In combination with container orchestration platforms like Kubernetes, GitLab
Pipelines provide a robust framework for automating microservices deployment.
Containers built with Docker can be automatically deployed and scaled, while Ku-
bernetes manages their lifecycle and orchestration, resulting in a fully automated,
reliable, and scalable software delivery process.

2.5 Critical Analysis and Research Gap

This section provides a critical synthesis of the state-of-the-art in time tracking
systems for educational institutions. Drawing from the previously reviewed systems,
architectures, frameworks, databases, frontend tools, communication approaches,
APIs, and containerization technologies, it identifies existing strengths, limitations,
and research gaps that motivate the proposed solution.

2.5.1 Critical Analysis

Existing commercial solutions such as Jibble, Acadly, Alma, and BrioHR provide
robust time tracking and attendance management features, integrating with third-
party services and offering cloud-based scalability, while using modern frontend
frameworks like React, Angular, and Vue, RESTful APIs, and cloud-native back-
end architectures, yet they often fail to address the specific needs of educational
institutions, such as detailed project-based logging for teaching, research, and ad-
ministrative duties.

Monolithic architectures offer simplicity in development and deployment but face
scalability, maintainability, and flexibility challenges as system complexity grows,
whereas microservices architectures provide modularity, independent scalability, and
improved reliability when combined with DevOps practices, containerization plat-
forms such as Docker and Kubernetes, and orchestration tools, though they intro-
duce additional complexity in service management, data integration, and infrastruc-
ture cost.

Frameworks like Spring Boot and Spring Cloud enable the development of scal-
able microservices with tools for RESTful API creation, service discovery, and
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centralized configuration management, relational databases such as PostgreSQL
and MySQL ensure strong consistency and ACID compliance, while non-relational
databases like MongoDB, Cassandra, and Redis offer flexibility and scalability for
heterogeneous or high-volume data. Frontend frameworks and libraries including
React, Angular, Vue, FileSaver.js, XLSX.js, iText, and Apache PDFBox support
responsive interfaces and report generation, while backend communication relies on
REST, SOAP, or GraphQL depending on data complexity, and containerization
enhances deployment consistency, portability, and resource efficiency.

2.5.2 Research Gap

Despite these advances, significant gaps persist in educational time tracking systems.
These include the lack of domain-specific customization for academic workflows, lim-
ited modularity and maintainability in architectures tailored for higher education,
underdeveloped reporting and analytics capabilities, challenges in integrating with
learning management systems, human resources systems, and financial management
platforms, as well as insufficient strategies for handling heterogeneous data while
ensuring privacy and compliance. Addressing these gaps motivates the development
of a secure, flexible, and research-oriented timesheet system that leverages microser-
vices, Spring Boot, modern frontend frameworks, and robust database strategies to
enhance scalability, usability, integration, and analytics within educational institu-
tions.
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Chapter 3

System Requirements and
Specification

This chapter introduces the functional and non-functional requirements that de-
fine the foundation of the proposed timesheet management system. It specifies the
system’s essential features, including user authentication, role-based access control,
timesheet submission, approval workflows, and report generation, while also address-
ing critical quality attributes such as scalability, performance, security, usability,
and maintainability. Furthermore, this chapter formalizes the system’s expected
behaviour through use cases and user stories, capturing both structured interaction
flows and agile development needs from the end-user perspective.

3.1 Functional Requirements

The functional requirements of the proposed system establish the concrete features
that must be implemented in order to replace the existing manual process of creating
the timesheet with a reliable and automated solution. At its core, the platform must
provide mechanisms for managing users registered on university systems, ensuring
that authentication and access are properly aligned with institutional standards.
Each user must be able to access the system according to their role, whether as an
employee responsible for submitting timesheets or as an administrator responsible
for validation and approval.

A central functionality of the system is the management of timesheets. Users must
be able to create, edit, and submit their working hours in a structured way, while the
system automatically performs validations to avoid common errors such as missing
information, duplicated entries, or negative values. To reduce the time required
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for filling in data, the platform must also support the pre-filling of timesheets by
consuming REST endpoint services provided by the university, ensuring consistency
with existing records.

Administrators must be able to review the submitted timesheets, perform opera-
tions such as approving, rejecting, or requesting corrections. Beyond the approval
workflow, the system should also allow administrators to filter and search timesheets
according to parameters such as user, project, or time period, thereby facilitating the
monitoring of activities across the institution. Another essential requirement is the
generation of reports. The system must support the production of official documents
in PDF format, enabling employees and managers to obtain structured reports that
can be archived or shared with other entities. Finally, the entire platform must in-
corporate validation mechanisms, both at the data-entry stage and at the approval
stage, to ensure the integrity, accuracy, and reliability of the information stored and
processed.

3.2 Non-functional Requirements

Apart from functional attributes, the proposed system should fulfill a fusion of non-
functional requirements which will help maintain the system’s quality as well as
the sustainability of the system for a prolonged period. Among these requirements,
scalability is arguably the most important as the system should be designed to
handle a growing number of users and timesheet submissions and manage virtually
unlimited concurrent requests without a drop in quality of service. Choosing a
microservices architecture satisfies this requirement as it allows the components to
scale autonomously based upon the demand.

Performance is a second important factor. The system should be designed to
perform common actions, like timesheet submission, timesheet validation and report
generation, in a timely manner even during high traffic loads.

Considering the sensitive nature of the data processed by the system, robust secu-
rity and data protection policies are essential. Users must undergo identity verifica-
tion and role-based access control to ensure that functionalities are accessible only
to authorized persons. Communication between components must be encrypted to
prevent leakage or tampering of sensitive information. Additionally, the system must
comply with the General Data Protection Regulation (Regulation (EU) 2016/679)
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[34], and relevant institutional policies at the University of Évora, including its Data
Protection Officer’s guidelines. The University of Évora’s privacy policies mandate
[35] that personal data be collected only for specified, legitimate purposes; that data
subjects have rights of access, rectification, erasure, and portability; and that appro-
priate organisational and technical measures are in place to ensure confidentiality,
integrity, and lawful processing of personal data.

Usability is also a key requirement, as the system must be intuitive and easy to use
by different categories of users. Employees should be able to record and submit their
hours with minimal effort, while administrators should have access to efficient tools
for filtering, validating, and approving submissions. The frontend must therefore
provide a clear and consistent interface that reduces the likelihood of errors and
facilitates adoption across the institution.

Finally, maintainability and reliability are indispensable qualities for ensuring the
sustainability of the platform. The system must be designed in a modular and
configurable manner, allowing validation rules, endpoints, and other parameters to
be adapted without requiring extensive modifications to the codebase. In addition,
automated testing and continuous deployment pipelines must support the delivery
of new features while minimizing downtime and ensuring consistent system reliabil-
ity. These non-functional requirements collectively guarantee that the platform will
not only meet immediate organizational needs but also remain adaptable to future
challenges.

3.3 Use Cases and User Stories

Use cases and user stories are fundamental parts in requirements engineering, pro-
viding a structured way to capture functional requirements from the end-user per-
spective. A use case describes a sequence of interactions between an actor and the
system to achieve a specific goal, offering a detailed, scenario-based view of how the
system should behave [36, 37]. In contrast, a user story is a concise statement of
functionality expressed from the user’s viewpoint, typically following the format “As
a <role>, I want <goal> so that <reason>” [38, 39]. User stories favour brevity
and flexibility, enabling agile teams to prioritise and iterate quickly, whereas use
cases provide richer contextual information and support more formal analysis of
interactions and edge cases [36, 37].

In this dissertation, these two artefacts complement each other: use cases cap-
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ture complete interaction flows and system boundaries, while user stories describe
granular functional needs that guide iterative development.

This section defines the primary interactions between users and the timesheet
management platform. It describes how different actors interact with the system
and captures functional needs from the end-user perspective.

3.3.1 Actors

• Employee – Academic staff member who records and submits worked hours.

• Administrator – Manager or department head responsible for validating, ap-
proving, or rejecting timesheets.

3.3.2 Use Cases

The main use cases of the timesheet management platform are described below.

UC1 – User Authentication

Actors: Employee, Administrator

Description: The user logs in using institutional credentials and receives a
role-based session token.

Pre-conditions: The user must have a valid institutional account.

Post-conditions: The user is successfully authenticated and authorised to
access the system.

UC2 – Submit Timesheet

Actor: Employee

Description: The employee creates or edits a timesheet for a specific project
and time period. The system performs automatic validation of the en-
tered data.

Pre-conditions: The user is authenticated.

Post-conditions: The timesheet is stored with the status “Submitted.”

UC3 – Approve or Reject Timesheet

Actor: Administrator

Description: The administrator reviews submitted timesheets and can ap-
prove them or reject them.
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Pre-conditions: At least one timesheet is pending approval and the admin-
istrator is authenticated.

Post-conditions: The timesheet status is updated to “Approved” or “Re-
jected”.

UC4 – Generate Reports

Actors: Administrator, Employee

Description: Users export timesheet data to PDF for a chosen timesheet.

Pre-conditions: The user is authenticated.

Post-conditions: A downloadable report file is generated and stored.

UC5 – Search Timesheets

Actors: Administrator, Employee

Description: Users can filter by status and date and administrator can also
filter by users; they should also be able to access them.

Pre-conditions: The user and administrator are authenticated.

Post-conditions: The timesheets are shown for the filters specified.

3.3.3 User Stories

The following user stories guide the agile development of the platform:

• US1 – As an Employee, I want to log in with my university credentials so that
I can securely access my timesheets.

• US2 – As an Employee, I want to create, edit, and submit my monthly timesheet
so that my working hours are accurately recorded.

• US3 – As an Employee, I want automatic validation of entries so that I am
alerted to missing or inconsistent data before submission.

• US4 – As an Administrator, I want to review and approve or reject submitted
timesheets so that only valid records are stored for payroll and project tracking.

• US5 – As an Administrator, I want to search and filter timesheets by status,
user, or date so that I can quickly locate specific information.

• US6 – As an Administrator, I want to generate official PDF reports so that I
can share accurate data with human resources or finance departments.
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Figure 3.1: Use Case Diagram of the Timesheet Management Platform.
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3.4 Data Model

The data model for the proposed timesheet management system has been designed
to ensure flexibility, scalability, and maintainability while meeting both functional
and non-functional requirements. The design of the proposed data model is strongly
motivated by the structure of the manual Excel-based timesheet previously used at
the University of Évora. In the manual version, each sheet corresponded to a specific
month, containing the employee’s identification (name), the calendar of days, the
list of projects or activities, and the respective hours filled in per day. Totals and
proposed hours were also included, along with summary calculations such as number
of workdays and standard daily hours. Although functional, this format presented
significant limitations in terms of automation, validation, and integration with other
systems. Based on this structure, the data model was refined into a set of core
entities to support automation, scalability, and reliability in an academic context.

3.4.1 Core Entities

The User Entity corresponds to the employee data previously recorded at the
top of the Excel sheet (name, institutional credentials), representing individuals
interacting with the system, encompassing academic staff and administrators. Each
user is uniquely identified and associated with institutional credentials, while the
assigned role determines access permissions and privileges across the platform.

The Timesheet Entity corresponds to a timesheet submitted by a user for a spe-
cific period, recording information such as the timesheet status, number of workdays,
standard daily hours, submission and approval dates, and any associated comments.
In addition, metadata fields capture calculated totals and other derived information
that support reporting and validation.

Individual activities and project allocations are represented by the Timeshee-
tEntry Entity, which is linked to its parent timesheet. Each entry records the
date, the activity name, the number of hours worked, the type of activity, and its
origin, whether system-generated (pre-filled) or user-edited. Where applicable, en-
tries may also reference external identifiers, ensuring traceability and alignment with
data obtained from university systems.

The DocumentGenerationLog Entity tracks the creation of PDF reports as-
sociated with timesheets. Each log entry includes the user and timesheet it pertains
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to, the document status at generation time, the total number of entries and hours
included, the PDF filename, the version of the generated document, and success or
failure information, along with any error messages and the binary content of the
generated file. Timestamps record the exact moment of document creation, en-
abling accountability and auditing. This translation from the manual Excel format
into normalized entities guarantees consistency, improves data validation, and en-
ables advanced features such as automated reporting, secure storage, and seamless
integration with external university systems.

3.4.2 Entity Relationships

The data model defines clear relationships among the core entities. A single user
may own multiple timesheets, each of which may comprise multiple entries. Doc-
ument generation logs are associated with the relevant timesheet and its corre-
sponding user, supporting comprehensive reporting and traceability. Figure 3.2 is a
Entity–Relationship diagram of the data model.

Figure 3.2: Entity–Relationship diagram.
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Chapter 4

Architecture and Design

This section presents the rationale behind the technological decisions adopted in
the development of the platform. Choices regarding architecture, backend and fron-
tend frameworks, databases, security mechanisms, and deployment strategies were
guided by the system’s functional and non-functional requirements, as well as by the
analysis of existing solutions. Each decision aimed to ensure scalability, maintain-
ability, security, and alignment with the University of Évora’s infrastructure, while
leveraging prior experience to accelerate development and reduce implementation
risks.

4.1 Overall Architecture

The design of the system follows a microservices architecture to provide scalability,
maintainability, and modularity. At the frontend, an Angular application provides
a responsive and intuitive user interface, allowing employees and administrators
to create, edit, submit, and review timesheets as well as generate PDF reports.
The frontend interacts with the User Management Service for user login and au-
thentication, with the Timesheet Management Service for managing timesheets,
and with the Document Generator Service for generating PDF documents, using
RESTful APIs for all calls. The backend is implemented using Spring Boot with
Java and consists of multiple independent services, each responsible for a specific
domain. The Timesheet Management Service handles the creation, editing, vali-
dation, and retrieval of timesheets, storing timesheet data in MongoDB to allow
efficient document-based operations. It periodically calls the User Management Ser-
vice via a scheduled task to retrieve the list of users for whom timesheets need to
be generated and queries the Information Management Service to obtain pre-filled
data from external university systems. The Document Generator Service generates
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PDF reports using the OpenPDF library and retrieves the corresponding timesheet
data from the Timesheet Management Service via Feign clients, persisting docu-
ment generation logs in PostgreSQL. The User Management Service manages user
authentication, authorization, and profile information, leveraging PostgreSQL to
maintain relational consistency and secure storage. The Information Management
Service acts as an integration layer with external university systems, using Feign
clients to retrieve data related to project hours, teaching assignments, and other ac-
tivities, transforming this information into a format compatible with the Timesheet
Management Service data model and returning it to the requesting service. The
Config Server centralizes configuration management, ensuring consistent and easily
updatable settings across all services. Figure 4.1 is a diagram of the system with
the different interactions between services and databases.

Security is implemented at multiple levels, starting with user authentication through
Google OAuth, which enables employees and administrators to securely log in using
their institutional accounts. Upon successful authentication, the User Management
Service generates a JSON Web Token (JWT) that is sent to the user’s browser as a
cookie. This token is included in all subsequent requests to backend services, allow-
ing each service to verify the user’s identity and enforce role-based access control.
As a result, users are permitted to perform only the operations corresponding to
their assigned roles, ensuring secure and controlled access to all functionalities. Ser-
vices communicate via RESTful APIs when accessed by the frontend and use Feign
clients for type-safe inter-service calls and communication with external endpoints,
maintaining modularity, separation of concerns, and seamless integration. The com-
bination of MongoDB and PostgreSQL ensures both flexible document storage for
timesheets and relational storage for users and document logs, providing data in-
tegrity, scalability, and maintainability. Section 4.3 describes all the services and
the interaction between them.
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Figure 4.1: Overall system architecture

4.2 Technological Choices Justification

The technological decisions taken in the development of this platform were directly
motivated by the functional and non-functional requirements identified in Chap-
ter 2, as well as by the analysis of existing approaches in Chapter 3. The choice
of a microservices architecture, implemented with Spring Boot and supported by
containerization technologies such as Docker, ensures modularity, scalability, and
maintainability, which are essential to address the growing demands of timesheet
management in an academic context. According to Atlassian [5], microservices ar-
chitectures are particularly advantageous for systems that require independent scal-
ing, fault tolerance, and continuous delivery, all of which are critical for the context
of this system since the number of users can escalate quickly and certain compo-
nents, such as the timesheet management service, may require additional processing
power. In contrast, a monolithic architecture, while simpler to implement initially,
would pose significant challenges in terms of scalability and maintainability as the
system evolves [40].
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Spring Boot was selected as the backend framework due to its maturity, robust
ecosystem, and seamless integration with Spring Cloud. It simplifies microservices
development through features like auto-configuration, dependency injection, and
RESTful API support, facilitating the creation of scalable and resilient architec-
tures [41, 42]. The extensive community support and comprehensive documentation
further ensure long-term sustainability [42].

Alternative frameworks such as Node.js and .NET Core were considered but
found less suitable. Node.js, while flexible, poses security challenges in enterprise
contexts due to issues like code injection, default cookie names, and cross-site script-
ing vulnerabilities [43]. Additionally, its ecosystem may require additional compo-
nents for enterprise-level features such as security and data persistence [43].

.NET Core, though efficient, presents deployment complexities in Linux-based
environments. While it supports Linux, deploying .NET Core applications on Linux
can involve intricate configurations and dependencies, potentially increasing opera-
tional overhead [44].

Furthermore, prior experience with Spring Boot that helped significantly reduc-
ing the learning curve, accelerating the development process and enhancing overall
productivity.

For the frontend, Angular was chosen because of its robustness and ability to sup-
port large-scale, enterprise-grade applications. Angular’s strong typing with Type-
Script, combined with its opinionated structure and two-way data binding, reduces
development errors and ensures maintainability over time. Compared to React,
which offers greater flexibility but requires the integration of third-party libraries
for state management and routing, Angular provides a more complete framework
out of the box, which accelerates development. Vue.js, while known for its simplicity,
lacks the same level of adoption and enterprise support. For these reasons, Angular
was considered the most suitable option for a system that must be both scalable
and sustainable [15]. Similarly to the backend case, familiarity with Angular from
previous projects contributed to a faster and more efficient development cycle, as
common pitfalls and implementation patterns were already known.

With regard to data management, a polyglot persistence strategy was adopted,
combining relational and non-relational databases. PostgreSQL was selected to
handle user management and document generation logs, benefiting from strong
ACID compliance and relational integrity [8]. While MySQL could also provide
relational support, PostgreSQL offers superior extensibility and better support for
advanced data types and indexing mechanisms, which are advantageous for com-
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plex queries[45]. MongoDB was employed for storing timesheet entries due to its
flexibility in handling hierarchical, document-oriented data structures and its ability
to scale horizontally [10]. Alternatives such as Cassandra or CouchDB were con-
sidered, but they lack the same balance between ease of development, community
support, and integration with Java-based backends[46]. Prior experience with both
PostgreSQL and MongoDB further supported this choice, enabling effective schema
design and data modeling from the outset.

Security requirements demanded the use of OAuth 2.0 for authentication through
institutional Google accounts, with JSON Web Tokens (JWT) used for secure com-
munication across services. This choice ensures compliance with university standards
and provides a reliable mechanism for enforcing role-based access control. Other
approaches such as session-based authentication were considered, but they are less
suitable in distributed microservices environments where stateless communication
is preferred [47]. Here as well, practical familiarity with JWT-based authentication
simplified its implementation, reducing the overall development time.

For continuous integration and deployment, GitLab pipelines were integrated with
Docker registries, enabling automated builds, testing, and deployments. Docker was
chosen as the containerization platform given its portability, lightweight design, and
ecosystem support, which simplify the deployment of microservices across different
environments [30]. While alternatives such as Podman or LXC exist, Docker remains
the industry standard with the most comprehensive community and tool integration.
Kubernetes was considered for orchestration [31], but given the limited infrastructure
of the university environment, full orchestration was not strictly necessary for the
scope of this dissertation. Previous work with Docker and GitLab CI/CD pipelines
made their adoption particularly efficient, since both configuration and debugging
processes benefited from existing expertise.

Finally, libraries such as OpenPDF were integrated to generate PDF reports di-
rectly from timesheet data, providing a reliable and open-source solution for doc-
ument creation. Alternatives like iText and Apache PDFBox were considered, but
OpenPDF was selected due to its open licensing and compatibility with the Java
ecosystem used in the backend. In contrast, iText, while powerful, has licensing
costs that would hinder its use in an academic context, and PDFBox, although free,
is less actively maintained compared to OpenPDF [27, 28].
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Altogether, these technological choices were carefully aligned with the system’s
goals: to deliver a scalable, secure, and maintainable platform that integrates seam-
lessly with the University of Évora’s infrastructure while remaining adaptable to
future requirements. At the same time, they reflect a pragmatic dimension of the
project, since the prior knowledge of the chosen technologies not only accelerated
the development process but also reduced risks associated with adopting unfamil-
iar tools. A comparative overview of the alternative technologies is presented in
Table 4.1.

Table 4.1: Comparison of alternative technologies for the system

Component Chosen Tech-
nology

Alternatives Justification

Backend Frame-
work

Spring Boot Node.js, .NET
Core

Mature ecosystem,
strong support for mi-
croservices, seamless
with Spring Cloud,
prior experience accel-
erated development.

Frontend Frame-
work

Angular React, Vue.js Full-featured frame-
work, strong typing
(TypeScript), better
suited for large-scale
apps; React requires
more third-party libs,
Vue has less enterprise
adoption.

Databases PostgreSQL +
MongoDB

MySQL,
Cassandra,
CouchDB

PostgreSQL ensures
relational integrity
and ACID com-
pliance; MongoDB
flexible for timesheets;
Cassandra/CouchDB
less aligned with
project needs.

Continued on next page
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Table 4.1 (continued)
Component Chosen Tech-

nology
Alternatives Justification

Authentication OAuth2 + JWT Session-based
auth

OAuth2/JWT is
stateless and scalable
for microservices;
sessions unsuitable for
distributed architec-
ture.

Containerization Docker Podman, LXC Industry standard,
wide community
support, integrates
smoothly with GitLab
CI/CD.

PDF Generation OpenPDF iText, PDFBox Open-source and
license-friendly; iText
requires commercial
license, PDFBox less
actively maintained.

54



4.3 Microservices Structure

The system was designed following a microservices architectural style, in which in-
dependent services are responsible for specific business capabilities. This approach
enables each service to evolve, scale, and be deployed independently, thereby increas-
ing the platform’s flexibility, maintainability, and resilience. Figure 4.2 illustrates
the overall structure of the microservices and their interactions.

4.3.1 User Management Service

At the core of the platform is the User Management Service, which handles user
authentication and authorization using OAuth2 and JWT tokens. This service in-
tegrates with the university’s identity provider to enforce role-based access control
for employees, managers, and administrators. It communicates with the frontend to
manage JWT tokens and with the Timesheet Service once per month to generate
pre-filled timesheets for all registered users. All authenticated users are persisted
to allow automatic timesheet creation and maintain historical records for auditing
purposes.

4.3.2 Timesheet Management Service

The Timesheet Management Service implements the main functionality of the plat-
form, including the creation, editing, validation, and storage of timesheet records.
Configurable validation rules ensure data integrity by preventing errors such as du-
plicate entries or negative working hours. This service interacts with the frontend for
timesheet management, with the User Management Service to retrieve user informa-
tion monthly, and with the Information Management Service to pre-fill timesheets
automatically or upon user request. Additionally, it provides data to the Document
Generator Service for report generation.

4.3.3 Document Generator Service

For reporting and documentation, the Document Generator Service was developed
to produce official PDF documents. It retrieves data from the Timesheet Service and
generates structured reports that can be archived or shared with other departments,
supporting compliance and administrative needs, this service maintains a log of all
generated documents and interacts with the frontend only when a document is
requested, as well as with the Timesheet Service to obtain the necessary data for
document creation.
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4.3.4 Information Management Service

The Information Management Service acts as a bridge between the platform and
external university endpoints. It transforms external data into a format compatible
with the system to pre-fill timesheets, this service communicates exclusively with
the Timesheet Service, enabling seamless integration with new external data sources
whenever required, thereby isolating external dependencies and minimizing impact
on core services.

4.3.5 Config Server

To manage configurations across all services, a centralized Config Server was em-
ployed. It stores configuration properties in a version-controlled repository and
provides them dynamically to each microservice at startup or during runtime re-
fresh. This approach ensures configuration consistency, simplifies maintenance, and
enables the platform to adapt rapidly to environmental changes or new requirements
without redeploying services.

Rather than developing a custom solution, the Config Server is a Spring Boot
module that can be readily integrated into the system. Once configured to point to
a version-controlled repository (e.g., Git), it automatically retrieves configuration
properties and distributes them to each microservice at startup or during runtime
refresh. This eliminates the need to implement a configuration management service
from scratch [48].

This microservices architecture promotes modularity, fault tolerance, and exten-
sibility. It facilitates future enhancements, such as integration with enterprise re-
source planning systems, addition of analytics services for workforce planning, or
incorporation of event-driven mechanisms to further decouple services. Moreover,
the architecture supports best practices including centralized logging, monitoring,
and error handling, enhancing the overall observability and maintainability of the
platform. The structure is visually represented in Figure 4.2.
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Figure 4.2: Overall architecture of the microservices platform, showing the main
services and their interactions.

4.4 Frontend Integration

The frontend of the platform is implemented as an Angular application, providing
a responsive and intuitive user interfaces. The application leverages TypeScript for
strong typing, modular components, and two-way data binding, ensuring maintain-
ability and reducing development errors.

The frontend interacts with multiple backend microservices to perform its core
operations, Figure 4.4 illustrates the interaction between the frontend and backend
services for the main flows of the system. The Timesheet Management Service
is called to manage timesheet records, including creation, validation, submission,
approval, and rejection of entries. The Document Generator Service is invoked to
generate PDF reports for individual or aggregated timesheets. User authentication
is handled through the User Management Service, which redirects users to Google
OAuth for institutional login. Upon successful authentication, a JWT token is
returned and stored in browser cookies. Every time the user attempts to access a
protected section of the platform, the frontend calls the User Management Service
to verify the session’s validity, ensuring secure access control.

Many operations, such as client-side validations, page reloads, and visual error
presentations, are performed entirely on the frontend to improve responsiveness
and user experience. Angular services encapsulate HTTP requests, handle error
responses, and provide a consistent API for frontend components. Interceptors
automatically attach JWT tokens to requests and manage session expiration, further
reinforcing secure communication. Validation is enforced on both the frontend and
backend to prevent incorrect or inconsistent timesheet entries, providing immediate
feedback to users through messages or highlighted fields.
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The application is organized following a modular architecture, with separate mod-
ules and components for user management, timesheet operations, and report genera-
tion. This modularity promotes scalability, code reuse, and maintainability. Further-
more, the frontend ensures a seamless user experience through responsive layouts,
interactive dashboards, and intuitive forms, allowing employees and administrators
to efficiently manage timesheets, generate reports, and navigate the system securely.

Figure 4.3 presents the main user interfaces of the Timesheet Management Plat-
form. It includes the home page, the timesheet form, user and administrator views.
These screenshots illustrate the system’s usability and visual coherence across dif-
ferent functionalities, highlighting the responsive design and intuitive navigation
provided by the Angular frontend.
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(a) Home screen

(b) Timesheet form

(c) User dashboard

(d) Admin management view

Figure 4.3: Frontend interface of the Timesheet Management Platform, illustrating
the main user and administrative views.
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Figure 4.4: Interaction diagram between the Angular frontend and backend mi-
croservices, illustrating authentication, timesheet management, and PDF generation
flows.
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Chapter 5

Implementation

This chapter presents the overall architecture and implementation details of the
Timesheet Management Platform. It describes the structure and responsibilities of
each backend microservice, the organization of the frontend application, and the
repository layout that supports modular development and continuous integration.
The chapter also explains the platform’s Dockerization and deployment strategy,
emphasizing how containerization ensures consistency and reproducibility across en-
vironments. Finally, it discusses the main technical challenges encountered during
development and the solutions adopted to achieve scalability, maintainability, and
operational efficiency.

5.1 Main Modules

The platform is organized into several main modules, each responsible for specific
business functionalities and designed to promote modularity, maintainability, and
scalability. These modules include both backend microservices and frontend Angular
components, as well as configuration management for the system.

5.1.1 Backend Structure

The backend consists of multiple independent microservices, each structured in a
layered architecture to enforce separation of concerns and maintainability. Each
service is internally divided into controllers, service layers, persistence layers, models,
properties, and configuration components. Controllers handle incoming requests and
route them to the appropriate service layer, where business logic is implemented.
The persistence layer is responsible for interacting with the underlying database,
either MongoDB or PostgreSQL depending on the service, ensuring data integrity
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and efficient operations. Models define the domain entities and data transfer objects,
facilitating consistent data representation across layers and services. Properties and
configuration files are used to externalize environment-specific settings, while the
Config Server centralizes configuration management for all microservices, retrieving
YAML files from a version-controlled repository and providing dynamic updates
at startup or runtime refresh. This layered organization ensures that each service
remains modular, testable, and easily maintainable.

User Management Service

The User Management Service is responsible for handling user authentication, au-
thorization, and profile management, with a particular focus on integration with
Google OAuth for institutional login. Internally, it uses a layered architecture to
separate concerns between controllers, services, repositories, and security configura-
tion, ensuring maintainability, testability, and clear responsibility boundaries.

The GoogleOAuthController orchestrates the OAuth flow, managing redirec-
tions to Google login, handling callback requests for authorization code exchanges,
and managing refresh and logout operations. Access and refresh tokens, as well as
the ID token, are stored in HTTP-only cookies, providing stateless session manage-
ment across the platform. The controller relies on AuthService to interact with
Google OAuth endpoints via RestTemplate, exchanging authorization codes for to-
kens, retrieving user information, and persisting or updating user profiles in the
database using UserRepository. Internal JWTs are generated for authenticated
sessions, including user ID, role, and email claims, with expiration tracking handled
by JwtUtil.

Administrative user management is implemented in the UsersAdminController,
which provides endpoints for creating, updating, deleting, and retrieving users.
This controller enforces role-based access control, ensuring that only users with
ROLE_ADMIN can perform management operations. Input validation and strict role
checks are performed, and exceptions are raised using ResponseStatusException

when requests are invalid or unauthorized. Business logic for user entities is handled
by UserService, which maps between UserEntity and the domain model User,
providing consistent CRUD operations while keeping persistence concerns within
UserRepository.
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Security is configured in SecurityConfig, which disables CSRF protection to sup-
port stateless sessions, sets up CORS filtering for allowed origins and HTTP meth-
ods, and integrates JWT-based authentication through JwtAuthenticationFilter

and JwtValidator. Passwords are encoded using BCryptPasswordEncoder, and
session state is entirely managed through JWTs, providing a secure and scalable
solution for authentication.

The main endpoints exposed by the User Management Service include:

• GET /auth/login – Redirects the user to Google OAuth login.

• GET /auth/callback – Handles Google OAuth callback and token exchange,
setting authentication cookies.

• POST /auth/refresh – Issues a new JWT using the provided refresh token.

• POST /auth/logout – Clears authentication cookies to log out the user.

• GET /users/me – Retrieves details of the currently authenticated user from
JWT claims.

• GET /users/{id} – Retrieves a specific user by ID.

• PUT /users/{id} – Updates user information and roles.

• DELETE /users/{id} – Deletes a user entity.

• GET /users – Lists all users.

• POST /users – Creates a new user and persists it in the database.

Timesheet Management Service

The Timesheet Service implements the core functionality of the platform, provid-
ing a complete workflow for timesheet creation, editing, validation, submission,
approval, and rejection. It is designed with a modular architecture where the
TimesheetController handles incoming HTTP requests, delegating business logic
to the DefaultTimesheetService, which in turn interacts with the persistence layer
through TimesheetRepository and TimesheetEntryRepository. The service inte-
grates with the User Management Service to retrieve authenticated user information
and with the Information Management Service to pre-fill timesheet entries, ensuring
that timesheets are accurate and consistent with historical and organizational data.
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Timesheet entries are stored in MongoDB, allowing for flexible, document-oriented
operations and efficient retrieval for both individual users and administrative overviews.
Validation rules for timesheets and entries are enforced through the TimesheetValidations
and TimesheetEntryValidations classes, ensuring data integrity before persist-
ing or updating entries. Additionally, the service provides a monthly scheduler
(TimesheetScheduler) that automatically generates and pre-fills timesheets for all
users based on organizational data, reducing manual effort and ensuring compliance
with reporting periods.

Security is enforced by checking the authenticated user against the timesheet’s
owner, with role-based access control ensuring that only administrators can approve
or reject entries. The service provides detailed logging at every step, including
timesheet submission, updates, pre-filling, and status changes, facilitating auditing
and traceability.

The main endpoints exposed by the Timesheet Service include:

• POST /timesheets – Submit a new timesheet, validating entries and per-
sisting them in the database.

• GET /timesheets – Retrieve timesheets based on user ID, period, or status,
optionally generating blank entries if requested.

• GET /timesheets/{id} – Retrieve detailed information for a specific timesheet,
ensuring the requesting user is authorized.

• PUT /timesheets/{id} – Update an existing timesheet, replacing previous
entries while enforcing validation rules.

• PUT /timesheets/{id}/status – Approve or reject a timesheet, restricted
to users with administrative privileges.

• GET /timesheets/{id}/prefill – Pre-fill a specific timesheet automatically
with entries from the Information Management Service.

• GET /timesheets/{period}/create-and-prefill – Create and pre-fill a
new timesheet for a specified period, removing any existing entries for the
same period.

Document Generator Service

The Document Generator Service is responsible for producing PDF reports on-
demand, primarily for timesheet data. It integrates directly with the Timesheet
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Service through a Feign client (TimesheetClient) to retrieve timesheet information
and relies on the OpenPDF library for PDF generation. Generated documents are
logged in PostgreSQL using the PdfDocumentsRepository, ensuring traceability of
all generated reports and supporting audit requirements.

At the core of the service, the PDFController exposes the HTTP endpoint for gen-
erating PDFs. It retrieves the authenticated user from the Spring Security context
and uses the Feign client to fetch the corresponding timesheet data. The business
logic for PDF generation is encapsulated in the DefaultDocumentGeneratorService,
which constructs the document using PdfHeaderBuilder and PdfTableBuilder,
adds headers and tables corresponding to the timesheet entries, and logs the result
using PdfLogger. The PDF is returned as a Spring Resource with appropriate
headers for file download, including a dynamically generated filename based on the
user ID and timesheet period.

The service also implements error handling at multiple layers: if the user is not
authenticated, the controller throws an UNAUTHORIZED exception; if PDF generation
fails, a PdfGenerationException is thrown, and the failure is logged for auditing.
The PDF output includes a custom header and footer with page numbers and user
identifiers, ensuring clarity and traceability for each document.

The main endpoint exposed by the Document Generator Service is:

• GET /timesheets/{timesheetId}/pdf – Generates a PDF containing the
timesheet entries for the specified timesheet ID, returning it as a downloadable
file.

Information Management Service

The Information Management Service functions as an integration layer with external
university systems, such as the SIIUE platform, isolating the rest of the platform
from external dependencies and transforming incoming data into a format com-
patible with the Timesheet Service. Its primary purpose is to retrieve and process
user-related information, such as projects and activity summaries, and convert them
into structured timesheet entries for pre-filling purposes.

At the core of the service, the InformationManagementController exposes the
endpoint for fetching timesheet entries. It ensures that the requesting user is authen-
ticated using Spring Security, and delegates the actual data retrieval and transforma-
tion to the DefaultInformationManagementService. This service communicates
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with external systems via the SiiueClient Feign client, sending HTTP requests
with user identifiers, month, and year as parameters.

The business logic in DefaultInformationManagementService aggregates data
from two primary sources: projects and summaries. Project entries are transformed
into daily timesheet entries by calculating the total monthly hours based on standard
workdays and the project’s dedication percentage, distributing both the integer and
fractional hours across the available days. Summary entries, representing activities
such as teaching or administrative work, are converted from minutes to hours with
simple rounding logic. The service ensures that all entries are annotated with their
source and type, distinguishing between project-based and activity-based records.

The service also handles errors gracefully: failures in fetching data from external
systems are caught and logged, and empty or missing responses are replaced with
default objects to maintain service reliability.

The main endpoint exposed by the Information Management Service is:

• GET /information/timesheet-entries – Retrieves timesheet entries for a
user for a given month and year, combining data from projects and summaries
into a unified format compatible with the Timesheet Service.

5.1.2 Frontend Structure

HomeComponent

The HomeComponent serves as the landing page, providing users with navigation to
key sections of the application and quick access to dashboards.

NavbarComponent

The NavbarComponent implements the main navigation bar, allowing users to toggle
the menu, log in, and log out, with authentication handled by the AuthService.

TimesheetListComponent

The TimesheetListComponent lists all timesheets available to the user, support-
ing filtering by period and status, pagination, and the creation of new timesheets.
It categorizes timesheets into current, overdue, and other periods to give a clear
overview. Users can also download timesheets in PDF format directly from this
component.
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TimesheetSearchResultsComponent

The TimesheetSearchResultsComponent displays the results of timesheet searches.
It supports filtering by period and status, pagination, and uses the TimesheetService
to retrieve filtered data from the backend.

TimesheetFormComponent

The TimesheetFormComponent allows creation and editing of timesheets. It dy-
namically manages sections for projects, activities, and absences, including de-
fault rows. The component handles real-time input validation, prevents invalid
entries, calculates totals per row, per section, and per day, and interacts with back-
end services to save, draft, submit, or pre-fill timesheets. Feedback on actions
is provided via MatSnackBar notifications, and loading states are indicated using
MatProgressSpinnerModule.

AdminTimesheetManagementComponent

The AdminTimesheetManagementComponent enables administrators to view, filter,
and manage timesheets from all users. It supports approving or rejecting timesheets
with optional comments and allows downloading timesheets as PDFs. Filtering is
applied directly through service calls to the backend, and loading states are reflected
in the UI to improve user experience.

AdminTimesheetViewComponent

The AdminTimesheetViewComponent provides a detailed view of individual timesheets
for administrators. It organizes entries into sections, calculates totals per row, sec-
tion, and day, and allows status updates with client-side validation to prevent in-
valid submissions. All calculations and validations are handled on the frontend for
responsiveness.

The frontend leverages Angular services such as TimesheetService, DateUtilsService,
TimesheetValidatorService, and TimesheetCalculatorService to centralize busi-
ness logic, perform calculations, validate data, and interact with the backend. This
approach ensures consistency across components, reduces code duplication, and al-
lows the UI to remain reactive and responsive. By combining modular components,
reusable services, and strong typing, the frontend achieves a maintainable, scalable,
and user-friendly structure that enhances the overall application experience.
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5.2 Repository Structure and GitLab CI/CD Pipelines

The platform’s source code is organized under a main group named Timesheet
Management UE, which contains multiple repositories corresponding to individual
services and frontend components. These repositories include the Config Server,
Configurations, Document Generator Service, Information Management Service,
Timesheet Management Service, Timesheet Management Frontend, and User Man-
agement Service. Each repository is structured to facilitate modular development,
independent deployment, and maintainability. Figure 5.1 represents the group and
repositories structure.

Timesheet Management UE

APP-DEPLOY

Config Server

Configurations

Document Generator Service

Information Management Service

Timesheet Management Frontend

Timesheet Management Service

User Management Service

Figure 5.1: GitLab group and repositories structure.

All backend services follow a consistent layered architecture and share a stan-
dardized GitLab CI/CD pipeline. The pipeline begins with the build stage, which
compiles the Java project using Maven and ensures that dependencies are correctly
resolved in a local cache. This is followed by the test stage, where automated unit
and integration tests are executed to guarantee code quality. In the package stage,
Maven generates the service JAR files, which are stored as artifacts for subsequent
stages. The docker-build-push stage builds Docker images for the service, tags
them with the commit SHA and the latest tag, and pushes them to a Docker
registry. Finally, manual deployment stages deploy-dev and deploy-prod allow
the deployment of development and production versions of each service. This uni-
form pipeline ensures consistency, reliability, and reproducibility across all backend
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services.

The frontend repository, corresponding to the Timesheet Management Angular
application, also follows a dedicated CI/CD pipeline. The pipeline starts with the
install stage, where Node.js dependencies are installed via npm ci, followed by a
lint stage to enforce code style and quality. The test stage is included for future au-
tomated tests, while the build stage compiles the Angular application for production
and stores the build artifacts. Similar to backend services, a docker-build-push

stage builds and pushes Docker images, with manual deployment stages for develop-
ment and production environments. This separation allows independent versioning
and deployment of the frontend, while ensuring integration with backend services
through environment-specific configurations.

The Configurations repository serves as a centralized location for all configuration
files required by the platform’s microservices. Each service retrieves its respective
configuration properties from this repository via the Config Server, which ensures
that environment-specific settings, such as database URLs, API endpoints, and fea-
ture flags, are consistently applied across development, testing, and production en-
vironments. By maintaining configurations in a version-controlled repository, the
platform benefits from traceability, auditability, and the ability to roll back changes
if necessary. This approach also simplifies the process of updating configurations, as
modifications can be propagated dynamically to running services without the need
for redeployment, improving maintainability and operational efficiency.

Additionally, there is a dedicated App Deploy repository, which contains the
docker-compose configuration and orchestrates the deployment of all services. Its
GitLab CI/CD pipeline consists of a single deploy stage that synchronizes the
project files to the deployment environment using rsync, pulls the latest Docker
images, and launches all services in detached mode. This approach centralizes de-
ployment, simplifies environment management, and allows the team to deploy the
entire platform with a single pipeline. Figure 5.2 visually represents the diferent
steps of each pipeline.

Overall, this repository structure and standardized CI/CD configuration promote
modularity, reproducibility, and scalability. Each service and the frontend can evolve
independently, while the deployment process ensures consistent environments across
development, testing, and production stages.
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Backend Service Pipeline

Build (Maven compile)

Test (Maven test)

Package (JAR)

Docker Build & Push

Deploy Dev

Deploy Prod

Frontend Pipeline

Install (npm ci)

Lint

Test

Build (Angular)

Docker Build & Push

Deploy Dev

Deploy Prod

Application Deployment Pipeline

Sync project files (rsync)

Docker Compose Pull & Up

Figure 5.2: CI/CD pipelines overview for backend, frontend, and application de-
ployment.
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5.3 Dockerization and Deployment

The platform employs Docker to containerize both backend and frontend services,
ensuring consistency, portability, and reproducibility across development, testing,
and production environments. Each backend service is built using a multi-stage
Dockerfile: the first stage uses a Maven image to compile and package the service
into a JAR file, while the second stage employs a lightweight Java runtime image to
execute the application. Health checks are configured for each backend container,
allowing dependent services to start only after verifying that required services are
operational and healthy.

The frontend Angular application follows a similar multi-stage Dockerization ap-
proach. Initially, a Node.js image is used to install dependencies and build the
production-ready Angular application. The compiled output is then served using an
Nginx image, providing optimized static content delivery. The Nginx configuration
not only serves the Angular application efficiently but also acts as a reverse proxy
for backend microservices. HTTP requests are automatically redirected to HTTPS,
and SSL termination is handled using certificates obtained from Let’s Encrypt. Re-
quests directed to API endpoints, such as user management, timesheet, document
generation, and information management services, are proxied to their respective
containers, while appropriate headers and CORS policies ensure secure and seam-
less communication between frontend and backend components. Figure 5.3 visually
represents the nginx proxy strategy.

Nginx Reverse Proxy

Angular Frontend

User Management Service Timesheet Service Document Generator Service Information Management Service

HTTPS requests

Figure 5.3: Nginx Reverse Proxy Architecture for the Timesheet Management Plat-
form

All services, including backend, frontend, Config Server, MongoDB, and Post-
greSQL, are orchestrated using Docker Compose. The Docker Compose configura-
tion specifies service dependencies, environment variables, port mappings, persis-
tent volumes, and health checks. The Config Server acts as a central configuration
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source, ensuring that all microservices dynamically load the required properties be-
fore startup. Database containers are configured with persistent volumes to main-
tain data durability and consistency across container restarts. Nginx depends on all
application services and provides a single entry point, simplifying access, enabling
secure connections, and centralizing request routing. This orchestration ensures that
the entire platform can be consistently started, stopped, and managed in a controlled
environment, reducing deployment errors and facilitating reproducible development
and testing cycles.

5.4 Technical Challenges and Solutions

During the implementation of the platform, numerous technical challenges were en-
countered, spanning backend and frontend development, deployment processes, and
system integration. Each of these challenges required careful consideration of alter-
natives and the adoption of solutions that ensured the scalability, maintainability,
and reliability of the overall system.

A primary challenge involved the design of the editable timesheet, which featured
a complex data structure and the need to dynamically manage user inputs. Initial
attempts to implement flexible layouts resulted in inconsistencies and usability is-
sues. This problem was ultimately addressed by developing a structured Angular
form, which provided a more intuitive interface, enforced client-side validation, and
facilitated seamless integration with backend services.

Deployment also presented significant difficulties. The initial approach involved
transferring JAR files directly to the target environment via SSH; however, VPN
restrictions rendered this method infeasible. The challenge was resolved by configur-
ing GitLab CI/CD pipelines to build Docker images, push them to Docker Hub, and
subsequently pull them into the deployment environment. This solution not only
circumvented network limitations but also aligned with the platform’s overarching
containerization strategy.

Security constituted another critical concern. Google OAuth initially returned
only basic user information, which proved insufficient for internal authorization re-
quirements. To address this limitation, the platform was designed to transform
OAuth responses into JSON Web Tokens (JWT), which were propagated across
the system. This mechanism enabled a consistent and secure authentication and
authorization framework for all services.
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On the frontend, reusing logic across components posed challenges due to an initial
lack of clear separation, resulting in code duplication and maintenance difficulties.
This was mitigated by introducing an Angular service layer, responsible for encap-
sulating shared logic and managing API communication. Additionally, the need to
handle environment-specific settings prompted the adoption of multiple configura-
tion files, centrally managed via Spring Cloud Config Server, ensuring consistency
and reducing configuration errors.

Validation rules required careful simplification. Early designs envisioned a large
set of complex constraints, but this approach proved difficult to implement and
maintain. Consequently, the validation layer was reduced to core business rules,
such as enforcing a maximum number of hours per day and preventing duplicate
project entries, striking a balance between robustness and maintainability.

Ensuring database consistency across services represented another challenge, par-
ticularly given the dual use of MongoDB and PostgreSQL. It was necessary to eval-
uate which database was most appropriate for each service, ensuring data integrity
while avoiding unnecessary coupling. MongoDB was selected for timesheet records
due to its document-oriented structure, whereas PostgreSQL was employed for struc-
tured logging and reporting, balancing flexibility with consistency.

Error handling and resilience were non-trivial concerns. Failures in one service
occasionally propagated, causing cascading errors across the platform. This was
mitigated by implementing fallback mechanisms and enhancing frontend error re-
porting, which provided users with clear feedback while preserving system stability.

Standardization of CI/CD pipelines was another priority. Initially, services fol-
lowed heterogeneous build and deployment procedures, complicating maintenance.
The adoption of template-based GitLab CI/CD pipelines resolved this issue, ensur-
ing consistency across both backend and frontend services.

Defining an effective testing strategy also posed challenges. While unit, integra-
tion, and end-to-end (E2E) tests were considered, resource constraints necessitated
a pragmatic approach. The final strategy combined unit tests with selected integra-
tion tests, achieving a balance between coverage, quality assurance, and development
effort.
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When enabling HTTPS, inter-service communication initially failed because con-
tainers did not recognize trusted certificates, leading to persistent connection errors.
Various approaches were tested, including distributing certificates to each container,
but these proved ineffective. The final solution involved generating Let’s Encrypt
certificates and configuring Nginx as a central reverse proxy to handle HTTPS ter-
mination and route requests to the appropriate services. This approach simplified
certificate management, ensured secure communication, and adhered to security best
practices.

Finally, logging and monitoring emerged as essential requirements for operational
reliability. Establishing structured and centralized logs capable of supporting audit-
ing and troubleshooting was challenging. A structured logging strategy was adopted,
enabling traceability across microservices and providing valuable insights during
both development and production phases.

Overall, addressing these challenges significantly enhanced the robustness of the
platform. The adopted solutions not only ensured the system’s functionality but
also promoted long-term maintainability, scalability, and operational efficiency.
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Chapter 6

Validation and Evaluation

This chapter presents the strategies and results of the validation and evaluation of
the Timesheet Management Platform. It details the multi-level testing approach
employed to ensure functional correctness, reliability, and usability across backend
microservices and the Angular frontend. Additionally, the chapter discusses prelimi-
nary performance and scalability observations, as well as initial usability evaluations,
highlighting both achievements and areas for future improvement. The goal is to
provide a clear assessment of the platform’s effectiveness and to establish a founda-
tion for ongoing optimization and enhancement.

6.1 Testing Strategy

Ensuring the correctness and reliability of the platform required the adoption of
a multi-level testing strategy, adapted to the specific requirements of backend mi-
croservices, the document generation service, and the Angular frontend. The ap-
proach combined automated unit and integration tests with functional and ex-
ploratory testing, while also integrating testing stages into the CI/CD pipelines
to guarantee quality throughout the development lifecycle.

6.1.1 Unit Tests for Microservices

All backend microservices were tested using unit tests to validate business logic in
isolation, JUnit framework was employed in combination with Mockito for mocking
dependencies, which enabled precise validation of service-layer functionality without
requiring database or external service interaction. Unit tests covered critical compo-
nents such as authentication logic, validation rules for timesheets, and configuration
handling, ensuring correctness of individual modules and facilitating refactoring.
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This approach aligns with best practices for microservices unit testing [49].

6.1.2 Integration Tests for Microservices

Beyond unit testing, integration tests were implemented to verify the interaction be-
tween layers within each microservice, including the flow from controllers to reposi-
tories. Embedded databases, such as in-memory H2 for relational services and em-
bedded MongoDB instances for document-oriented services, were used to validate
persistence operations and schema consistency. These integration tests ensured that
application components behaved correctly in realistic scenarios and that database
interactions conformed to the expected domain models [50].

6.1.3 Document Generator Service Testing

The Document Generator Service presented a unique challenge, since its output
consisted of PDF documents rather than structured data. A pragmatic testing
approach was adopted: documents were generated during the testing process and
manually inspected to confirm correctness of structure, headers, page counts, and
content placement. While automated validation was limited, minimal structural
checks were performed (such as verifying the existence of a valid file and expected
metadata). Future improvements could include baseline comparison methods, where
generated documents are compared against predefined templates to allow automated
verification.

6.1.4 Frontend Testing

Testing of the Angular frontend was primarily conducted through exploratory and
functional testing during the development phase. By serving the application locally,
it was possible to validate user interactions, navigation flows, and form submissions
in real time. This approach ensured that client-side validation rules, such as pre-
venting duplicate project entries and enforcing maximum daily work hours, were
correctly applied and consistently enforced. Although comprehensive unit and end-
to-end testing frameworks such as Jasmine, Karma, or Cypress were considered,
they were not fully implemented due to time constraints. The strategy therefore fo-
cused on manual validation of user workflows, with the potential to extend coverage
through automated UI testing in future iterations [51].
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6.1.5 Continuous Integration and Delivery (CI/CD)

Automated testing was integrated into the GitLab CI/CD pipelines for backend
services. Unit and integration tests were executed as part of the build process,
ensuring that regressions or errors were identified prior to deployment. This practice
enhanced confidence in the reliability of each release and provided rapid feedback
during the development cycle [52]. Additionally, tools such as SonarQube were
considered to enforce code quality metrics and maintain consistency throughout the
development lifecycle [53].

CI/CD pipelines were also implemented for frontend services, incorporating lint-
ing and testing steps. Although unit tests have not yet been fully developed for the
frontend, the pipelines establish a foundation for automated quality assurance and
continuous validation as the application evolves.

6.2 Performance and Scalability Experiments

Although performance and scalability are critical aspects of modern web applica-
tions, formal experiments were not conducted during the current implementation of
the platform. Instead, the platform’s functionality was manually validated by gen-
erating multiple timesheets and performing repeated operations to observe system
behavior under nominal conditions.

Performance and scalability testing are essential to ensure that a system can
handle increasing workloads efficiently and maintain low latency under peak usage
[54]. In microservices-based architectures, performance bottlenecks may arise at
various points, including database access, inter-service communication, and frontend
rendering. Similarly, the platform’s scalability depends on the ability to replicate
services, manage load balancing, and efficiently utilize resources [55].

Key performance metrics for microservices include response time, throughput, re-
source utilization, and service availability [56]. A comprehensive evaluation typically
involves both load testing and stress testing, simulating realistic and peak workloads
to identify potential bottlenecks and inform optimization strategies. Techniques
such as horizontal scaling, caching mechanisms, and asynchronous communication
can significantly improve system scalability and reliability.

For future iterations, it is planned to implement systematic performance and scal-
ability experiments using automated testing frameworks. These experiments will
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allow quantitative measurement of system limits and optimization of microservice
deployment strategies, including database replication and load balancing, addition-
ally, integrating performance monitoring tools will provide continuous insight into
system behavior, ensuring that the platform can meet real-world demands as usage
grows.

In summary, while initial manual testing confirmed functional correctness, formal
performance and scalability evaluation remains an essential task for future work
to guarantee the platform’s efficiency, robustness, and ability to handle increasing
workloads.

6.3 Usability Evaluation

Usability evaluation is a fundamental aspect of software development, ensuring that
a platform is intuitive, efficient, and satisfying for end users [57]. In this project,
usability considerations were incorporated throughout both the design and imple-
mentation phases, with the objective of delivering a user-friendly interface tailored
to the needs of administrative staff and students.

6.3.1 Client Sessions and Preliminary Evaluation

Preliminary evaluation was conducted through interactive sessions with a represen-
tative client, during which users saw the platform and the respective features. These
sessions provided valuable qualitative insights into potential improvements, includ-
ing enhancements to interface layout, navigation clarity, and immediate validation
feedback.

6.3.2 Design Considerations for Usability

The frontend architecture, implemented using Angular, was designed with modu-
lar components to facilitate navigation and task completion. Client-side validation
ensured that user input errors, such as duplicate entries or exceeding permitted
working hours, were promptly highlighted, thereby increasing efficiency and reduc-
ing mistakes. Additionally, consistent navigation structures and uniform styling
across components contributed to a more coherent and learnable user experience,
supporting confidence and satisfaction during interaction with the system.
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6.3.3 Limitations and Future Work

Despite the benefits gained from client sessions, the evaluation was limited in scope
and did not employ formal usability testing techniques. Comprehensive studies, such
as controlled user experiments, surveys, and task-based assessments, could provide
quantitative measures of task completion time, error rates, and overall user satisfac-
tion [58]. Furthermore, future work could explore alternative interface designs and
ensure compliance with accessibility standards, thereby improving inclusivity and
usability for a wider range of users.

In conclusion, while the preliminary evaluation with the client informed several
design improvements, more systematic usability assessments are required to robustly
evaluate the platform’s effectiveness and guide further enhancements.
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Chapter 7

Discussion

This chapter presents a critical analysis of the results obtained from the implemen-
tation of the microservices-based timesheet management platform. Its main goal is
to evaluate how well the dissertation objectives were achieved, identify system lim-
itations, and suggest potential improvements and directions for future work. The
discussion covers multiple perspectives, including architecture and backend function-
ality, performance and service integration, frontend usability, security, and DevOps
practices. It aims to highlight both the benefits of the system—such as modularity,
scalability, and automation—and the trade-offs, operational challenges, and oppor-
tunities for further development.

7.1 Critical Analysis of Results

The evaluation of the proposed microservices-based timesheet management plat-
form demonstrates that the primary objectives of the dissertation were successfully
achieved. The system replaced the previous spreadsheet-driven process with a mod-
ular, scalable, and maintainable solution that supports secure user authentication,
automated validations, and real-time reporting.

Nevertheless, the results also highlight important considerations and trade-offs.
First, while independent service deployment improved scalability and fault tolerance,
it introduced additional operational complexity. Service discovery, monitoring, and
inter-service communication required careful configuration of Spring Cloud com-
ponents and consistent use of Feign clients; without automated observability and
detailed logging, debugging distributed failures can become time-consuming. Main-
taining such a system requires a person with knowledge in software development,
infrastructure, DevOps, and CI/CD practices. Additionally, potential costs associ-
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ated with infrastructure (GitLab, Docker Hub), especially when using the free tier,
may arise as the system scales.

Second, the dual-database approach (PostgreSQL for relational data and Mon-
goDB for document storage) provided flexibility and performance, but increased
maintenance overhead. Schema evolution, backup strategies, and data consistency
between services demand strict governance to avoid long-term technical debt. Fu-
ture iterations could explore unified data-access abstractions or improved schema-
management tooling to reduce this burden.

From a frontend perspective, the Angular application achieved the intended us-
ability goals, offering clear workflows for employees and administrators. Nonetheless,
usability feedback indicated opportunities for further refinement, including more
responsive interfaces, enhanced accessibility features, additional contextual infor-
mation, and potential new features suggested by users. Moreover, the platform
currently lacks integration with certain university endpoints, such as holidays, ab-
sences, or other administrative data. Given the microservices architecture, such
integrations would be straightforward to implement in future releases.

Security mechanisms—OAuth 2.0 authentication and JWT-based inter-service
communication—proved effective during testing. Continuous monitoring and pe-
riodic penetration testing will be essential to mitigate emerging threats and ensure
compliance with university data-protection policies.

Overall, the experimental results confirm that a microservices architecture, sup-
ported by Spring Boot, Docker, and GitLab CI/CD, is appropriate for an institu-
tional timesheet management system. The platform delivers measurable gains in
automation, reliability, and scalability. The identified limitations, however, high-
light areas for future improvement, including enhanced usability, expanded feature
set, integration with additional university services, and streamlined maintenance
processes, providing a clear roadmap for subsequent development.

7.2 System Limitations and Potential Improvements

Although the implementation of the Timesheet Management Platform successfully
met the defined functional and non-functional objectives, several limitations were
identified throughout the development and validation process. These constraints are
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mainly related to the scope of testing, infrastructure limitations, external dependen-
cies, and the inherent complexity of a microservices-based architecture.

From an architectural perspective, the adoption of a microservices approach intro-
duced additional operational and configuration challenges. While modularity and
scalability were achieved, maintaining multiple independent services required con-
tinuous synchronization between repositories and configuration files. The reliance
on a central Config Server and externalized YAML configurations, although ben-
eficial for flexibility, occasionally caused deployment synchronization issues during
pipeline executions. Furthermore, the absence of a centralized orchestration layer
such as Kubernetes restricted the system’s ability to perform automatic scaling and
self-healing in the event of failures.

The implementation of continuous integration and continuous deployment (CI/CD)
pipelines in GitLab significantly improved automation and delivery reliability; how-
ever, the current setup still presents some operational limitations. The use of Git-
Lab’s free tier introduces execution time restrictions, which may become a bottle-
neck as the project evolves and pipelines grow in complexity. A transition to a paid
GitLab subscription or an internally hosted solution with dedicated runners would
mitigate this limitation. Additionally, the absence of a private artifact repository,
such as Sonatype Nexus or GitLab Container Registry with extended retention, con-
strains the long-term management of Docker images and build artifacts, potentially
affecting traceability and version control.

In terms of backend functionality, although the core services operate reliably, some
external integrations remain incomplete. For instance, the planned integration with
endpoints related to vacation or absence data from the university’s information
systems has not yet been implemented. These endpoints are essential to ensure that
timesheets automatically account for non-working periods, thereby improving data
accuracy. Nonetheless, given the modular nature of the microservices architecture,
the integration of these additional endpoints can be implemented without significant
architectural refactoring, as each external connection can be encapsulated within its
dedicated service.

Testing revealed that the pre-filling of timesheets introduces a noticeable delay of
several seconds in some cases. This latency primarily originates from the response
time of the external university endpoints accessed by the Information Management
Service. Although the internal processing time of the platform is relatively low,

82



the dependency on external data sources remains a critical factor affecting overall
responsiveness. Implementing caching or asynchronous preloading strategies could
mitigate this limitation in future iterations.

From a testing perspective, the validation strategy included unit and integration
tests across all services; however, not all potential edge cases or concurrent access
scenarios were covered. Inter-service communication, particularly through Feign
clients, was verified under controlled conditions but not under sustained concur-
rent load or high-volume data exchanges. Similarly, error-handling mechanisms for
network timeouts and partial service unavailability were tested only in simulated
conditions, which may not fully reflect production behaviour.

On the frontend side, the Angular application achieved a high level of usability
and responsiveness; nevertheless, formal usability testing was limited to prelimi-
nary sessions with a small number of participants. Quantitative usability metrics,
such as task completion times or user satisfaction scores, were not systematically
collected. Moreover, automated end-to-end testing with frameworks has not yet
been integrated into the CI/CD pipeline, which limits regression detection in future
deployments.

Finally, the dependency on external authentication through Google OAuth, while
beneficial for integration and user convenience, introduces potential availability risks.
Any temporary unavailability or latency in the OAuth service directly impacts user
access to the platform. The absence of redundant authentication mechanisms further
increases this dependency.

In summary, while the Timesheet Management Platform demonstrates robustness
and reliability within its current deployment scope, these limitations highlight the
need for further infrastructure improvements, extended testing coverage, and en-
hanced monitoring. The pending integrations with additional endpoints, improve-
ments in pipeline infrastructure, and optimization of response times represent nat-
ural next steps toward ensuring the platform’s long-term scalability, performance,
and operational resilience.
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Chapter 8

Conclusions and Future Work

This chapter presents the final reflections of this dissertation, highlighting the main
contributions, evaluating the extent to which the initial objectives were achieved,
and proposing directions for future development. The discussion synthesizes the
technical, organizational, and academic outcomes of the research, emphasizing the
impact of the implemented microservices-based timesheet management platform on
both the operational efficiency of the University of Évora and the field of software
engineering. By revisiting the objectives and summarizing the contributions, this
chapter provides a clear assessment of the work accomplished, while the proposed
future work outlines opportunities to further enhance performance, scalability, us-
ability, and system integration.

8.1 Summary of Contributions

This dissertation advances both the academic field of software engineering and the
operational efficiency of the University of Évora by providing a practical solution to
the limitations of manual, spreadsheet-based timesheet management. The research
demonstrates the successful implementation of a microservices-based platform that
offers modularity, scalability, and maintainability, serving as a reference model for
institutional applications.

The work presents a validated architectural approach that decouples core business
domains and integrates a polyglot persistence strategy, illustrating how contempo-
rary software engineering practices can be applied to institutional administrative
systems. Moreover, the platform introduces a fully digitalized, auditable workflow,
reducing errors and administrative overhead, while enabling real-time monitoring
and reporting. The adoption of a modern technology stack and DevOps practices
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provides a documented foundation for future system extensions and integrations.

Beyond technical achievements, the dissertation emphasizes best practices in sys-
tem design, including automated validation mechanisms, modularity, and user-
centered interfaces. The contributions provide both a tangible tool for the University
and an academic case study on the application of microservices in administrative
contexts, highlighting opportunities for further enhancements in performance, us-
ability, and system integration.

8.2 Objectives Revisited

The primary goal of this dissertation was to develop a digital timesheet management
platform capable of addressing the inefficiencies and errors inherent in spreadsheet-
based processes. This included improving data accuracy, reducing administrative
workload, and providing mechanisms for real-time monitoring and reporting.

Upon reflection, the study demonstrates that these objectives have been largely
achieved. The platform delivers a modular architecture that enhances resilience and
maintainability, alongside mechanisms that ensure reliable data entry and validation.
The usability goals were addressed through an accessible and intuitive frontend,
while operational robustness was supported by CI/CD pipelines and containerized
deployment.

8.3 Future Work Proposals

While the Timesheet Management Platform has demonstrated its effectiveness in
replacing manual spreadsheet-based processes with a scalable, modular, and main-
tainable solution, several opportunities for future work remain. A primary area for
development involves the systematic evaluation of performance and scalability un-
der realistic workloads. Implementing automated stress and load testing frameworks
would provide quantitative metrics on system responsiveness, resource utilization,
and service availability, enabling informed optimization of the microservices deploy-
ment, database replication, and load balancing strategies.

Another avenue for future work concerns the integration of additional institutional
endpoints, such as leave management, absence tracking, and other administrative

85



services. These integrations would further enhance data accuracy, reduce man-
ual intervention, and consolidate organizational information within a single, unified
platform. Expanding the API Gateway and service architecture to accommodate
new modules would be facilitated by the modular microservices design, allowing the
system to evolve without major architectural refactoring.

Enhancing usability and accessibility represents a further area of improvement.
Comprehensive user studies, including task-based assessments, surveys, and con-
trolled experiments, would provide quantitative insights into interface effectiveness,
task completion times, and user satisfaction. Additionally, exploring alternative in-
terface designs and ensuring compliance with accessibility standards would broaden
the platform’s usability for diverse user groups.

From a technical perspective, the introduction of advanced monitoring and ob-
servability tools would support proactive system maintenance and early detection of
failures. Coupled with extended automated testing, including end-to-end UI tests,
these measures would increase reliability and reduce operational overhead. Finally,
investigating container orchestration solutions, such as Kubernetes, could enable
automatic scaling, self-healing, and more efficient resource management, further re-
inforcing the platform’s resilience and operational robustness.

Collectively, these future work directions provide a roadmap for the continuous
improvement of the platform, ensuring its adaptability to evolving organizational
requirements while maintaining high standards of reliability, usability, and perfor-
mance.
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