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Abstract

Many organizations still struggle with volunteer recruitment and coordination, mostly due to
fragmented digital practices and limited integration between existing tools. Current platforms
often focus on either volunteer discovery or organization management tools but rarely provide a
unified solution that supports both. This forces volunteers to monitor multiple sources and
organizations to use separate systems for communication and management.

This project presents Togetherly, a cross-platform mobile application designed to solve this
problem, by integrating event discovery, application management and communication within a
single system. The application allows organizations to create and manage volunteering
opportunities, while volunteers can search for events, apply to participate and contact hosts
within the platform. Developed as a full-stack system, the project focuses on delivering core
functionality that supports both roles in a simple and accessible way.

The system demonstrated that integrating key features such as communication and location-
based discovery into a single app can improve usability and reduce fragmentation in volunteer
coordination. Developing this project also highlights the challenges of building a complete
software system independently within limited timeframe, including design trade-offs, time
constraints, and evolving requirements. Generally, this work shows how relatively simple, well-
integrated solution can provide meaningful improvements over more complex but fragmented
systems.

i



Acknowledgements

I would like to express my deepest thanks to Dr. Neal Harman. His expertise, direction and
mentorship were the driving forces behind the development of this project, and I am profoundly
grateful for the guidance he provided at every critical stage; this work would not have reached its
current state without his invaluable support.

I also want to thank all my peers, whose insightful discussions and suggestions regarding the
expansion and potential applications of this work were incredibly helpful to my progress.

Most importantly, I want to thank my friends and family for their unwavering belief in me. A
special thanks goes to my friend, Temur, whose suggestion provided this project its name.
Finally, to my parents and my sister, your encouragement has been foundation of my academic
career. I am especially grateful to my sister, whose care and late-night meals sustained me
through the most demanding parts of this work. This achievement belongs to all of you.

il



Table of Contents

1.

v

[ 10T [ 71 7 [ 1 J RN 1
1.1. [ [ AV 1 ] o N 1
1.2. AIMS aNd ODJECTIVES cucuiuiiiiiieieiiiiiiiiieieieiteteetesetetetetesessssacacstesessssssssssssssssssssssssssseses 2
1.3. OVEIVIBW ..cuiiinieinieieiiretetetecteresecacesessssesesesssssssssssssssssssssssssssssssssssssssssssssssssassssesssasass 2

Background RES@AICHR .......ucuiviririeieieieiririeieiececeiesesesececesesesesssssesesesesesesesesesesesesesese 2
2.1. Volunteer Recruitment and Engagement ......ccccceieiiinieieriniiniecesesecreresesessssesesesasassens 2
2.2, (SRS 1 Tl o = 14 o T o 1 o T T RN 3

2.2.1. VLo 1NN 0] (=1=T 0\ =) o1 o F PP PP PPTPRPPPPRRt 3

2.2.2. VLo LN ] o] (=1=] o J OO PPN PRTPRRPURPPRRPRt 4

2.2.3. (€701 Ve [T g I Lo TN o1 (=T=T PP PP PPN 4

2.2.4. Identified Gap and System POSItiONING....c..ciiuuiiiiiiiiiei e ere e e e e e raaaees 5

SYSTEM SPECITICATLION c..c.auanaanenininieieinininieitettetetetecococesesesesocesssesesssesesesesasasasasasane 5
3.1. SystemENtities and ROLES...cccieieiiiiiiieieiiiiiiiiiieieiiiietetetetetretetecesessesesesesessssesesasasssene 6
3.2, COre FeatUreS..cciiiiiiieiiiieiiiiiiiiiieiiiieireieiiesietesretatiessesessesassessesessesassessesessesassessssesss 7
3.3, AdditioNal FEAtUres ....cccciuiiuieiiniiiiniiiieiiieiieieiieiieieiieieitetieceiiessressessssecssassesassecsssases 8

2] e 10=1 2 1=T1 1 2= 17 Lo ] o TSRS 9
4.1. Backend: SPring BOOt......ccceiiiiiieieieiiniieieteresicrtecesasasseresesasassesesesesssassesesesasasssseseses 9

4.1.1. Layered ArChITECTUIE ..ccuuuiiiiiiiii ittt et e et s e e taae s e e tene s eeanaaesenes 9

4.1.2. F N o B B =TS o PPNt 10

4.1.3. D KO L= o¥e I\ F-T o] o 1=] o 1Rt 10

4.1.4. Business Logic and Validation ......c..veiueiiiiiiieiiieeeie ettt e et s ene s eeesere s ennesennnns 11

4.1.5. ey S Lo Y gl o F=T g Yo | L] oY= PRSPPIt 12

4.1.6. Real-Time Chat Implementation .......ceciuuier i eeeee e e e e e e e eaas e eeeaaan s 12

4.1.7. Filtering and Location-Based Event SearCh .......c..covuiiiiiiiiiiiiiccn et ee s eaeens 13

4.1.8. Security and ACCESS CONTIOL..uuiiiiiiiiiiiiiieiiie e eee e rte e et e eee e et eeaneeernesenassnnaenns 14

4.1.9. Time Management and WOrk CONSISTENCY ...ccuuuuuuiiiiiriiiiiiiiiee e eecetieiee e e e eeeterenaeeeeeeeeee 15
4.2, [ o7 01 =Y 3 Yo RN ol LU 4 - S 15

4.2.1. Application Structure and Frontend ArChiteCture .........cccuuiiiiiiiiiiiiiiiiiiiiee e, 15

4.2.2. Navigation and Main SCreeN FLOW .....couuiiiiiiiiiiiiie e ere e ere s eaee s eeeeeaa s aaansannnns 16

4.2.3. User Interface Desigh and User EXPEeri€NCe ........oeeuiiiniiiiiiiiiiieeeeeeee et e 17

4.2.4. Authentication and Keycloak INtegratioN.........viiuiiiiiiiiiiireiie ittt ev e ere e een s enaens 17

4.2.5. APl Integration with the Spring Boot Backend........ccouueiiiiiiiiiiiiiiice e eeeeas 18

4.2.6. Event Browsing, Filtering, and Application FLOW .....c...ocueiiiiiiiiiiii et eeaeee 19

4.2.7. (070] 0010 01T 01 £ JN PRSP PPTPR PPN 20



4.2.8. Real-Time Chat Implementation .......coui i e eae s eee e e na s e an s enanas 20

4.3. Database: POStEreSQL .....ccciviiuieieiiiiiieieieririciereiesesasreresesesasseresesesassssesesesasssseseseses 21
4.3.1. Database Technologies and MapPPiNg ...cceeueiiuiiiiiiiiiie e e e e eae e eaeeeeaa s eannsennnns 22
4.3.2. Inheritance for Users, Volunteers, and Organizations ........ccuuueereiiiiiereeiiienietiieeeeeieeeeeennnes 22
4.3.3. Relationships BetWeen ENTitieS . ..ciuur it e e s eae s eee e et s ena s enanes 23
4.3.4. V=T a1 WY o] o] L eX= o] o 13ROt 23
4.3.5. Constraints and Data INtEGITY ..eeeeeiiimumiieeiee ettt e e et e e s e e e eeterenaaaees 24
4.3.6. (€7=To] leToF= 1 dTe] g B U] o] o Jo ] SRR PP PP 25
4.3.7. QUETYING @NA RETNEVAL...iiiiiiiiiiieee ettt e et e et etee s e ettaeseeetnaeeeesesaeseanannensanes 25

4.4. Authentication and SECUITY....ccccccieiiiiiiieiereiiiieiieterasieietetesesecretesesesssseresesesassssesees 25
4.4.1. USEr [deNTity MaApPING ce.ueeeeieieeiiiiieeeeiiee ettt e e ettt e e etaaeeeettnseeeeanaseetaneeeaeenassasennnnsanes 26
4.4.2. Keycloak Administration INTEGration ..........cceueeiiiiiiiiiiiiiiiiieiicr ettt 26
4.4.3. User Synchronization DiffiCUIES cu..ivuueiiiieiiiii et seee s eee s eae s e e e e nanees 27

LT =Y. 7 1 1 7 - SO 28

5.1. Why service layer teSting ....ccveruieieieiiiiiiiiiiiiiiiiiiiiriiiiiieietitiettetesereseresesassnsene 29

5.2. Implementation using JUnit and MOCKItO.....c..cccciuieieieiicinieiereieciciececesesrerececesesssesenes 29

5.3. LU 1 =3 o 7 - S Y 30

B.  TOOUS.cuieieieieieiiieieieieietetetetetetecetetesesesesscssesesesssssesesesssssssesesssssnsssssesssesssasssnsnsasasans 30
6.1. ENGINEEriNg TOOLS ...cuiiuieieieiiiiieieneieieterecesessserecesasassesesesssassssesesesassssesesesasasssseseses 30
6.2, Al USAZE c.cuiuininiiniuininiereiireceresesesseretssesassosessssssssssssssssssssssssssssssssssssssssassssesesesasassane 31

AR -7 (=T o 1 [ o 31

8. SUMMAIY cacauanininiiiininiiiiinieiieietetietetesseretesseresesssresessssssesassssesessssesessssesessssssesasssses 33

I 271 s 11 o Y= - T ¢ ] 1} Y/ TN 34

TO.  APPENAICES .cucuiuieiininiaiiiniaiiiieiaseisetssessessssssesssssssssssssssssssssssssssssessssssessssssesssasss 36

10.1. Appendix A- Ul screens of the appP..c.cccccerereciieierericieieietesesecrerecesasasreresesasassseseses 36

10.2. Appendix B - Example of REST APl Endpoints in EventController.......cccccccccacaeee... 40

10.3. Appendix C - DTO Validation ANNotations ......cccccvevieieieieneiecreiececesasicrececesasseseseses 41

10.4. Appendix D - Examples of APl Responses Using ResponseDto<T> .......cccccceevreraeee 42

10.5. Appendix E - Entity-DTO Mapping Using MapStruct ........cccceeieieiiiiiecncecececiececennes 43

10.6. Appendix F - Centralized Exception Handling ......c..cccciieiereicieieiereneniciececesesecreneces 45

10.7. Appendix G - Entity Class Implementations .........cccceveiiiieininiiiiiiiiieieceniiicecannes 46



vi

10.8.
10.9.
10.10.

10.11.

Appendix H - Database Schema Design ....cccceieiiiieieieieiiiiiieceieceiiircececesesssecncenes 47
Appendix | - JWT Role Extraction and Parsing .....c.ccccieieiererereiecenanecncrececesesscreseces 48
Appendix J - Frontend API Integration Example......cccceceeirieieininiiiiieieceneniirececennes 49
Appendix K - Example of Service Layer Unit Test Implementation.......ccccceeeevanaees 50



1. Introduction

Organizations looking for volunteers continue to face recruitment and retention challenges, and
current digital practice is often fragmented. A literature review prepared for the NSW
Government reports that lack of information about opportunities remains a meaningful barrier to
participation, with 56% of surveyed young people stating that they did not know how to find out
about volunteer opportunities [26]. Another research shows that many small nonprofit
organizations still rely heavily on digital communication practices. In practice, this means that
opportunities are frequently promoted across websites, newsletters, social media posts, and
messaging groups, which can make discovery and coordination unnecessarily difficult.

1.1. Motivation

Togetherly is motivated by the idea that this process should be simpler and more cohesive.
Instead of asking volunteers to monitor multiple platforms and asking organizations to repeat the
same information across different platforms, the project proposes a single cross-platform mobile
application in which organizations can post and manage events, while volunteers can discover
opportunities, apply, communicate, and track participation in one place.

On a personal level, I wanted to build something genuinely useful that addresses a real-world
problem while also allowing me to develop and demonstrate my technical skills. This project
provides an opportunity to design and implement a complete full-stack system, covering areas
such as mobile development, backend engineering, security, and data modelling. It also
challenges me to manage a project independently within a limited timeframe, which helps
develop both technical and project management skills.

Another important motivation emerged during the development of the project. The increasing
relevance of artificial intelligence (Al) tools in software development encouraged me to explore
their capabilities. During this process, I recognized that Al-assisted coding is becoming more
common in professional practice. This created an opportunity to understand how such tools can
be used effectively in a controlled and reflective way, rather than relying on them completely.

From a problem perspective, although several volunteering platforms already exist, many of
them have their limitations. Some focus mainly on matching volunteers without supporting full
event management, while others lack effective communication features. These gaps highlight the
need for a more integrated solution. Therefore, this project aims to develop a platform that



improves both usability and coordination by bringing together event discovery, application, and
communication into a single system.

1.2.Aims and Objectives

The overall aim of Togetherly is to demonstrate the ability to design, engineer, and evaluate a
full stack project independently within a limited timeframe.

The main objectives of the project are:

1. To create a platform that helps people help people by enabling nonprofits and volunteers
to connect easily, organize events, and communicate effectively, making volunteering
more accessible and efficient.

2. To demonstrate software engineering and project management skills by building and
delivering a complete full-stack application within a limited timeframe, using good
development practices throughout the project.

3. To explore and apply mobile capabilities such as biometric authentication and location
services to improve both technical understanding and application functionality.

4. To explore the practical capabilities and limitations of Al generation tools in software
development and coding, while using them in a guided way where all key design
decisions, validation, and code quality remain my responsibility.

1.3.0verview

This document begins with background research into volunteer recruitment, retention,
engagement, and existing digital platforms. It then presents the system specification and design
direction for Togetherly, followed by the main implementation decisions across backend,
frontend, data management, security, and supporting tools. Later sections evaluate the system
through testing and reflection, including what was learned from the development process and the
use of Al-assisted tooling.

2. Background Research

2.1. Volunteer Recruitment and Engagement

The literature suggests that the problem is not simply a lack of digital tools, but a mismatch
between how opportunities are advertised, how volunteers discover them, and how organizations
sustain engagement after recruitment. The NSW review emphasizes that volunteering offers
should align with the key motivations and benefits of potential volunteers, and it notes that
people respond more positively to volunteering advertisements when the message matches their
2



personal motivations [26]. Volunteering Australia makes a similar argument, stating that
identifying and enabling volunteers to fulfill their primary motivations plays a pivotal role in
satisfaction and retention, and that recruitment messages aligned with those motivations are more
effective and persuasive [31]. These findings imply that a useful digital platform should move
beyond generic listings and instead support richer categorization, interest-based browsing, and
more personalized matching between users and opportunities [26] [31].

Recent research in volunteer assignment strengthens this position. For example, Kaur, Pazour,
and Ausseil propose an optimization framework that creates personalized task recommendation
menus for volunteers, balancing organizational needs with volunteer preferences, skills, and
motivations [19]. Their work is important because it shows that better matching is not only a
usability improvement, but it can also improve assignment quality and volunteer satisfaction. In
practical terms, this supports the inclusion of structured volunteer profiles, category-based event
discovery, and recommendation logic within Togetherly. While the system does not implement
automatic recommendation logic, it provides flexible filtering and search capabilities that help
users efficiently find relevant opportunities instead of browsing large amounts of unrelated
information [19].

Mobile delivery is particularly relevant in this context. Chen et al. describe a mobile volunteering
matching system that allows organizations to promote ongoing volunteer activities on an
interactive map, enabling users to browse nearby opportunities that match their interests [9]. This
1s significant because it shows how mobile devices can reduce the friction between intention and
action. Instead of relying on generic posts, users can access location-based opportunities through
a dedicated interface. For Togetherly, this supports the decision to implement a cross-platform
mobile application with location-based browsing features. While the final version of the system
does not include notifications or fully context-aware recommendation mechanisms, it allows
users to filter and discover nearby events more efficiently compared to static platforms [9].

2.2.Existing Platforms
2.2.1. VolunteerMatch

VolunteerMatch is one of the largest platforms designed to connect volunteers with organizations
[17]. It focuses mainly on helping users discover volunteering opportunities at scale. A key
feature is its integration with LinkedIn, where opportunities can be shared through the LinkedIn

Volunteer Marketplace, allowing users to showcase their volunteering experience as part of their
CV [24].



One user reported finding five suitable candidates within one week, suggesting that
VolunteerMatch is effective in recruitment. It allows organizations to reach a large audience and
quickly identify suitable candidates. In addition, the platform is free to use, making it accessible
for small nonprofit organizations [8, 29].

However, the platform mainly focuses on matching rather than full event management. It does
not provide strong support for tracking participation or managing volunteer behavior after
application. Reviews also highlight issues such as unreliable attendance and low accountability.

To address these issues, in my application I implemented an attendance tracking feature, where
organizations can record whether a volunteer attended an event. This helps improve coordination
and accountability.

2.2.2. Volunteero

Volunteero focuses more on organizational workflows rather than large-scale discovery. It
provides tools for managing volunteers, including registration, scheduling, and coordination [33].
The platform replaces traditional methods such as spreadsheets and email communication with a
centralized system [35].

Reviews suggest that Volunteero performs well in managing events and reducing administrative
workload. Features such as self-registration and automatic capacity control improve efficiency
and prevent overbooking. The platform is also considered easy to use, even for users with limited
technical experience [33].

However, the platform operates on a paid model, which makes it more suitable for larger
organizations. Smaller groups or informal communities may find it less accessible.

In contrast, I designed Togetherly as a free mobile application to improve accessibility. The
system includes similar core features, such as application management and in-app messaging, but
focuses on delivering them in a simpler and more accessible way. Due to time constraints,
advanced administrative tools such as analytics dashboards and complex reporting were not
implemented, and priority was given to core interaction features [9].

2.2.3. Golden Volunteer

Golden Volunteer is another platform focused on improving efficiency through automation. It
includes features such as email scheduling, push notifications, and QR-code attendance tracking,
as well as reporting dashboards for organizations [22].

4



Reviews highlight that Golden is strong in automation and data reporting, making it particularly
useful for larger organizations that need to manage a high volume of volunteers.

However, some feedback points to limitations in the accuracy of its matching system. In
particular, recommended opportunities are not always relevant to the user’s location, which
reduces usability and engagement. This limitation lowers the overall relevance of suggestions
and can lead to decreased user involvement over time [22].

In Togetherly, I focused more on improving basic usability and relevance rather than advanced
automation. For example, I implemented location-based filtering using geographic queries in the
backend, allowing users to find events within a specific radius. I also implemented a simpler
version of their attendance tracking feature. These features improve coordination and the
relevance of search results without introducing complex systems [9].

2.2.4. Identified Gap and System Positioning

From analysing these platforms, I realized that they focus on different parts of the volunteering
process. VolunteerMatch focuses on discovery and recruitment, while Volunteero and Golden
focus more on management, coordination, and organizational workflows. This separation
highlights a gap in existing solutions.

Similar platforms either help users find opportunities or help organizations manage them, but
they do not fully integrate both aspects into a single system.

Togetherly is designed to address this gap by combining key features into a single mobile
application, within the scope of the project. However, it is important to note that the system
focuses on core functionality rather than advanced enterprise features. For example, it does not
include automated recommendation algorithms, custom analytics dashboards, or automated
notification systems, which were initially considered but not implemented due to time
constraints.

3. System Specification

The system is designed as a cross-platform mobile application that provides a unified platform
for interaction between organizations and volunteers. Organizations can create and manage
volunteering events, while volunteers can search for opportunities based on their interests and
location, and apply to participate.

I designed the system in a way that removes the need for external communication tools such as
messaging applications. Users can interact through event-based comments and direct messaging,
allowing coordination and discussion to take place within the app (see Appendix A).



3.1.System Entities and Roles

The system includes two main user roles: volunteers and organizations, each with specific
responsibilities and permissions. Initially, I planned to include an administrator role for
moderation, but due to time constraints, I prioritized implementing advanced features instead.
These roles interact with core entities such as events and comments, which support the creation
and management of volunteering opportunities.

@‘- o
,..=<includes>>  (Register/Log in

Manage
event
<< includes >> Browse A
; : i : Manage \_<< "™ u ‘ avents Volunteer
Organization application

<< extends >>
Accept
applicatio

Decline
application,

Figure 1. Use case diagram.

User Roles:
1. Volunteers

Volunteers represent individuals who are looking for volunteering opportunities. They can create
and manage personal profiles, including information such as skills, interests, and preferred
location range.

Their main interaction with the system involves discovering and applying to events. Volunteers
can browse available opportunities, filter them based location or categories, and submit
applications to participate. In addition, they can communicate with organizations through
comments and direct messaging and track their participation history through attended events.



2. Organizations

Organizations represent entities that create and manage volunteering opportunities. They are
responsible for publishing events and defining relevant details such as descriptions,
requirements, and location.

Organizations also manage volunteer participation. This includes reviewing applications
submitted by volunteers and either accepting or declining them. Furthermore, they also can
communicate with volunteers through comments and messaging features.

3.2.Core Features

The following features represent the essential functionality I built that were required for the
system to achieve its main goal of connecting organizations with volunteers.

e User Registration and Authentication

I implemented a secure registration and login system. During registration, users choose their role
(volunteer or organization), which determines the functionality available to them (see Appendix
A). Authentication is handled using standard email and password mechanisms, following
common security practices.

e Role-Based Functionality

Each user role has access to different features within the system. Organizations can create and
manage events, while volunteers can search for events and apply to participate. This separation
ensures that users only interact with features relevant to their role (see Appendix A).

e Commenting System

I implemented a commenting feature that allows volunteers and organizations to communicate
directly on event pages. This enables discussions, questions, and updates to remain linked to
specific events (see Appendix A figure A.14).

e Attended Events Tracker

Volunteers can track the events they have attended through their profile. This includes viewing
the total number of events completed within a specific period. This also could be extended to be
a dashboard of the best volunteers, to increase user engagement and encourage participation, but
due to limited timeframe was not (see Appendix A figure A.9).



e [Location Awareness

The application includes location-based filtering. Users can search for events within a specified
radius from their current location. This feature improves usability by helping volunteers discover
nearby opportunities in real time (see Appendix A figure A.11).

e Search and Filtering System

I implemented a search and filtering system that allows users to find events based on criteria
such as interests, skills, and distance. This improves the matching process between volunteers
and suitable opportunities (see Appendix A figure A.10).

3.3.Additional Features

After completing the MVP, I added several additional features to enhance user experience. These
features are not essential for the system to function but improve usability and convenience.

e (Calendar Integration

I implemented a feature that allows users to add events directly to their device calendar. When a
user selects this option, the system opens the calendar application with pre-filled event details
such as title, date, and time. The user can then edit or confirm the event before saving it. This
reduces the need for users to manually track event schedules within the app and allows users
easily add events into their schedule (see Appendix A figure A.16).

e Biometric Authentication

The system supports biometric authentication, such as facial recognition. This improves both
security and user convenience by allowing faster login without entering credentials manually
(see Appendix A figure A.15).

e Real-Time Chat System

I implemented a real-time chat feature that allows direct communication between organizations
and volunteers within the platform. This ensures that all communication remains centralized.
Due to time constraints, group chat functionality was not implemented, but it could be added in
future versions of the system (See Appendix A figures A.12, A.13).

e Attendance Checker for Organizations

This feature was added after analyzing existing platforms, where a common issue was volunteers
registering but not attending events. To address this, I implemented an attendance tracking
feature that allows organizations to mark whether volunteers attended the event. In future, this



could be extended into a rating system or used to restrict users who repeatedly fail to attend
events (See Appendix A figure A.7).

4. Implementation

4.1. Backend: Spring Boot

The backend was implemented using Spring Boot [30]. One of the main reasons for this choice
was my prior experience with the framework, which allowed for faster and more efficient
development. Alternative backend frameworks were also considered, including Django (Python),
Express.js (JavaScript), and Laravel (PHP) [10, 11, 20]. A more detailed comparison and of
these technologies is provided in the initial project document, where different options were
evaluated in greater depth [6].

4.1.1. Layered Architecture

The application follows a layered architecture based on the Model-View-Controller (MVC)
pattern, which separates the system into controller, service, and repository layers (see Figure 2).
In this project, the controller layer is responsible for handling incoming HTTP requests and
returning responses, the service layer contains the business logic, and the repository layer
manages interaction with the database through Spring Data JPA and Hibernate [2]. This
separation was important because it prevented controllers from becoming overloaded with
application logic or direct database access. Instead, each layer had a clear responsibility, which
made the backend easier to maintain, test, and extend

(see Figure 2).
Controller Service Repository Database
Client
e > —>
Routes and Contains all Manages
HTTP Request «———  "\idates €| Business Logic mtzr:g g;n s:mh <

Storage

Figure 2. Backend request flow through controller, service, and repository layers.

For example, controllers such as EventController, CommentController, and
ChatController define the available endpoints and accept request data from the client.
However, they do not perform database operations directly. Instead, they delegate work to

9



service classes such as EventService, CommentService, and ChatService, where the
main business rules are implemented. These service classes then use repository interfaces such as
EventRepository, CommentRepository, ConversationRepository, and

MessageRepository to retrieve or store data.

4.1.2. API Design

The API was designed around resource hierarchy. Instead of mixing unrelated endpoints
together, related functionality was grouped under common paths. For example, event-related
operations are grouped under /api/v1/events, comments are nested under
/api/vl/events/eventId/comments, and chat functionality is grouped under
/api/v1l/chat. This made the API structure more logical and easier to understand from the

frontend side, because endpoints reflected the relationships between resources in the application
[36].

This resource-based design also helped make the backend more consistent. For example, creating
an event, retrieving an event, browsing events, applying to an event, and viewing event
applications are all handled in the event-related controller. Similarly, comments are treated as
part of a specific event, so their routes are nested under the corresponding event identifier. This
structure reflects the actual domain model rather than exposing disconnected endpoints.

The backend follows REST-style design principles in the way it uses HTTP methods. POST is
used when creating records, GET is used for retrieval, PUT and PATCH are used when updating
state, and DELETE is used for removal. This made the API predictable and easier to integrate
with the frontend (see Appendix B).

4.1.3. DTOs and Mappers

To transfer data between the frontend and backend, the system uses Data Transfer Objects
(DTOs). A Data Transfer Object is a class used specifically to carry data between layers without
exposing the internal entity model directly. This was important because the database entities
should not always be returned to the client as they are stored internally. DTOs allowed the API to
control exactly what data is sent and received, while also creating a more stable contract for the
frontend [7].

Request DTOs are used to validate and receive incoming client data. Examples include
EventCreateDto, CommentCreationDto, and SendChatMessageRequestDto.
Lombok annotations such as @Getter and @Setter were used to reduce boilerplate code by
automatically generating accessor methods [28]. Validation is also applied at this stage to ensure
that incoming data meets required constraints (see Appendix C).

10



Response DTOs were used to return clean and structured data to the frontend. I implemented a
generic ResponseDto<T> wrapper, which gives responses a consistent structure containing
fields such as ‘success’, ‘data’, ‘message’, and optional ‘metadata’. This allowed frontend to rely
on a common response format across different endpoints. Examples of these dynamic response
structures can be found in Appendix D.

Mappers were used to convert between entities and DTOs. In this project, MapStruct was used
for this purpose [5]. For example, EventMapper, CommentMapper, and ChatMapper map
internal entity objects into response DTOs and, where necessary, convert request DTOs into
entities. This reduced repetitive boilerplate code and kept transformation logic outside of the
controllers and services (see Appendix E).

4.1.4. Business Logic and Validation

I implemented a two-level validation in the system to ensure data accuracy. At the API
boundary, DTO classes such as EventCreateDto use validation annotations to ensure that
incoming data meets required constraints. In addition to this, the service layer applies rule-based
validation that depends on system behavior. This approach effectively separates concerns, DTO
validation ensures that input data is structurally correct, while service-level validation ensures
that actions are logically valid within the context of the system. I applied the same pattern across
different services, including EventService, CommentService, and ChatService.

A clear example of this service-layer logic can be seen in the event application. I added a
validation in Event Service which verifies whether a volunteer has already applied to the
same event. This is done using EventApplicationRepository through the method
existsByEventIdAndVolunteerId(...) . Ifaduplicate is detected, an
EntityExistsException is thrown with an appropriate error message (see Figure 3). This
approach is considered good practice because the database ensures data integrity, while the
service layer allows the system to return clearer and more user-friendly feedback [27].
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@Transactional
public ResponseDto<UUID> applyT (UUID id) {
var currentUser © tUser >e.getCurrentUser();
var event = eve indById(id)
.orElseThrow(() -> new EntityNotFoundException("Event not found

var volunteer = volunteer ry.findById(currentUser.getl

.orElseThrow(() -> ne tityNotFoundException("Volunteer not found"

itory.existsByEventIdAndVolunteerId(event.getId(), currentUser.getId())) {
ew EntityExistsException("You already have an application for this event");

Figure 3. Example of service-level checks.

4.1.5. Error Handling

Error handling in the backend is centralized using a global exception handler. Instead of writing
error-handling logic separately in every controller, exceptions thrown in the application are
intercepted by a GlobalExceptionHandler, which converts them into consistent HTTP
responses. This ensures that the frontend receives meaningful status codes and messages when
something goes wrong.

The handler covers several common cases. For example, missing entities return ‘404 Not Found’,
access violations return ‘403 Forbidden’, validation failures return ‘400 Bad Request’, duplicate-
record situations return ‘409 Conflict’, and invalid request payloads are also handled as bad
requests. This approach is considered a common practice in backend development, as it improves
consistency of API responses and reduces duplication by centralizing error handling [27]. An
example of this implementation can be found in Appendix F.

4.1.6. Real-Time Chat Implementation

One of the more advanced backend features in this project is the real-time chat system. It is built
with Spring WebSocket support and STOMP (Simple Text Oriented Messaging Protocol), which
enables bidirectional communication between the client and server [21]. The WebSocket
endpoint is configured at /ws/chat, the application destination prefix is /app, the user
destination prefix is /user. This allows the backend to support live message delivery in
addition to standard HTTP requests.

The chat functionality is split between REST and WebSocket responsibilities. REST endpoints in
ChatController are used to retrieve conversations and paginated message history, while
WebSocketController handles real-time message sending and delivery. Using both of
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them was useful because chat history and new messages have different requirements, this
allowed to handle chat history through HTTP methods and live messages through WebSocket.

Authentication in WebSocket is the same JWT-based security model used elsewhere in the
backend. During STOMP connection setup, the backend uses a channel interceptor to extract and
validate the bearer token and associate the authenticated user with the WebSocket session. This
is necessary because WebSocket communication does not automatically reuse the standard
HTTP request authentication flow in the same way as REST endpoints.

Within the chat service, the backend either retrieves an existing conversation between two users
or creates a new one if none exists. To avoid duplicate conversations, the database enforces
uniqueness for the participant pair. When a message is sent, its content is validated, persisted in
the database, and then delivered in real time through SimpMessagingTemplate to the
sender’s and recipient’s user-specific queues. Additional checks ensure that users cannot send
messages to themselves and that only participants in a conversation are allowed to view its
messages. This keeps the direct messages feature both functional and consistent with the
application’s service layer security.

4.1.7. Filtering and Location-Based Event Search

Another important backend feature is event filtering, including location-based filtering. This
functionality was implemented in the event service and repository layers. The
/api/vl/events/browse endpoint allows events to be filtered by category, search query,
and geographic parameters such as latitude, longitude, and radius (see Figure 4).

@PreAuthorize("hasRole('VOLUNTEER')") &
@GetMapping (&~ " /browse"

public ResponseDto<List<EventDto>> browseEvents(
@RequestParam(required = false) Set<EventCategory> categories,
@RequestParam(required = false) String q,
@RequestParam(required = false) Double latitude,
PRequestParam(required = false) Double longitude,
@RequestParam(required = false) Double radiusKm

) 4

return eventService.browseEvents(categories, q, latitude, longitude, radiusKm);

Figure 4. Event browsing endpoint with category, search, and location-based filtering.
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The interesting part of this implementation is that location filtering is not done purely in
application code. Instead, the backend delegates spatial searching to the database using a
repository query with ‘ST _DWithin’. This allows PostgreSQL to return events that fall within a
specified radius from a given point. If explicit coordinates are not provided in the request, the
service falls back to the current volunteer’s stored home location and commutable distance. This
makes the feature more user-friendly because volunteers can browse nearby events without
manually entering their location every time. The implementation of this query is shown in the
Figure below.

@Query(value = """

" , hativeQuery = true
st<EventEntity> fi
@Param("lat")

5") double radiusMeters

Figure 5. PostgreSQL ST DWithin query used for location-based event filtering.
4.1.8. Security and Access Control

The backend implements security at both request and method levels using Spring Security. I used
JSON Web Tokens (JWT), which are digitally signed tokens used to securely transmit
information between parties to manage authentication. To make sure my backend somehow
identifies the JWT created by an external provider I implemented
KeycloakRealmRoleConverter. This class converts the roles provided by Keycloak
into Spring Security authorities [16]. This allows endpoints to be protected using annotations
such as @PreAuthorize (see Figure 6). A more detailed discussion of the authentication and
Keycloak integration is provided in Section 4.4.

This was important because different roles in the application need different permissions. For
example, only organizations can create events or manage attendance, while only volunteers can
apply to events. Although these rules are enforced through method-level annotations, I also
implemented additional checks inside the service layer. These checks are necessary when
ownership or participant-specific access must be verified more precisely (see Figure 3).
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This combination of declarative security and service-level checks made the access control more
robust. Because the backend does not rely solely on frontend restrictions, unauthorized
operations are blocked even if a client attempts to call the endpoint directly.

@PreAuthorize("hasRole(' ZATION')")| &

@PostMapping @
public ResponseEntity<ResponseDto<UUID>> createEvent(@Valid @RequestBody EventCreateDto eventCreateDto) {
return ResponseEntity.status(HttpStatus.C( 'ED)
.body (eventS ce.createEvent(eventCreateDto));

Figure 6. Example of role-based access control using (@PreAuthorize in a controller.

4.1.9. Time Management and Work Consistency

One of the challenges during development was time management. Initially, I followed a Kanban-
based workflow as outlined in the initial project document, with weekly tasks and regular
progress tracking [6]. In theory this seemed like a disciplined approach, but in practice it became
unnecessarily complex for a solo project. There were periods where I would do large amount of
work in one week, followed by very little progress in the next.

This inconsistency affected the pace of backend development. Working on a system that includes
multiple layers, like security, persistence, API design, and testing requires steady progress. Due
to time constraints and the need to balance this project with other modules, longer gaps between
development sessions made it more difficult to resume work efficiently and maintain progress.

To address this, I simplified the workflow. Instead of following a strict weekly task structure,
progress was reviewed roughly every two weeks. The focus shifted away from strict planning
towards maintaining steady development. This made the process more manageable and reduced
the complexity of trying to maintain a workflow that was too formal for a solo project like this.

I believe this issue was mainly due to limited experience in managing a long-term independent
project. A more effective approach would have been to prioritize consistency from the beginning
by doing smaller amounts of work regularly, rather than large amounts occasionally. That would
likely have improved productivity, reduced stress, and helped me finish the MVP earlier.

4.2. Frontend: Flutter

4.2.1. Application Structure and Frontend Architecture

The frontend of the system was developed as a Flutter mobile application. The entry point is
defined in main.dart, where the root MaterialApp is configured and the initial screen is
launched. From there, the application is structured into three main layers: screens, services, and
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models (see Figure 7). This structure is widely recommended for Flutter applications, and I
considered it as the most suitable approach for this project [12].

Screens are organized inside the pages directory, where each file represents a specific part of the
user interface, such as login, event browsing, event details, profile management, and direct
messages. Backend communication and device-related functionality are handled within the
services layer. This includes HTTP requests, authentication token management, location access
and calendar integration. Data mapping is handled in the models layer, where classes such as
Event, Comment, ChatMessage, and ResponseDto are used to transform backend JSON
into strongly typed Dart objects.

bdrv@Mac ~/P/t/1ib (main)> 1s

exceptions @& main.dart M models M pages M services M widgets

Figure 7. Flutter project structure.

4.2.2. Navigation and Main Screen Flow

Navigation in the application is designed around user roles, as the system supports both
volunteers and organizations. The first screen, ChooseRolePage in

choose role page.dart, allows the user to select a role or log into an existing account.
After authentication, the user is redirected to either MainPageVol or MainPageOrg,
depending on the role extracted from the access token in 1ogin page.dart (see Appendix A
for examples of these pages).

The main interface uses tab-based navigation. In both versions of main page.dart, an
IndexedStack is combined with a BottomNavigationBar. I chose IndexedStack
because it preserves the state of each tab instead of rebuilding screens when switching between
them. This improves the user experience, as lists, search inputs, and chat views remain stable
during navigation, and is more efficient since tabs are not destroyed and rebuilt when switching
between them [3].

Navigation between pages is handled using Navigator.push and MaterialPageRoute.
For example, in the volunteer flow, users move from login page.dart to

events feed page.dart,thentoevent info page.dart, where they can apply to
events (see Figure 8). A similar structure is used for organizations, but with a focus on event
management and communication features.
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Widget destination;
if (roles.contains(
destination = c
} else if (roles.
destination =

} else {
throw Exception(

}

Navigator.pust

Figure 8. Role-based redirection to pages based on user roles.

4.2.3. User Interface Design and User Experience

The user interface is built using standard Flutter widgets such as Scaffold, SafeArea,
Column, Row, ListView, GridView, FutureBuilder, TabBar, and
BottomNavigationBar. | aimed to maintain a consistent visual design across the

application by reusing common UI elements such as rounded cards, neutral background colors,
and consistent button styles.

Forms and input validation are implemented across multiple screens. In login page.dart,a
structured login form provides feedback for loading and validation states. Separate registration
flows are implemented in register form page vol.dart and

register form page org.dart, as volunteers and organizations require different input
fields. Validation is performed before sending data to the backend, which helps prevent invalid
submissions and improves user feedback (see Appendix A).

Asynchronous data is handled using FutureBuilder, which connects backend responses to the Ul
state. This allows the interface to display loading indicators, error messages, and content
dynamically without blocking the application.

To improve user experience, I also implemented feedback mechanisms such as SnackBar
messages for actions including login, registration, event applications, attendance updates, and
messaging (see Appendix A).

4.2.4. Authentication and Keycloak Integration

Authentication in the frontend is managed through Keycloak. When a user attempts to log in
using their email or username and password, a request is sent to the Keycloak token endpoint to
obtain an access token and a refresh token (see Figure 9). This process is implemented in

auth service.dart, where the returned response is mapped into the AuthResult class
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defined in auth result.dart. After a successful login, the token payload is decoded using
the 'extractKeycloakRoles()' method in auth service.dart (see Appendix I Figure 1.2 for
an implementation of this method). The extracted role information is then used to determine
whether the user should be redirected to the volunteer or organization interface (see Figure 8).

To maintain authentication across sessions, [ used the flutter secure storage package
to store both the access token and refresh token in token service.dart I chose this
approach because secure storage is more appropriate for sensitive data than standard local
storage. When the application later makes API requests, the required token is retrieved from
secure storage and attached to the request as a Bearer token. This keeps the authentication logic
centralized and avoids repeating token-handling code across multiple screens. Logout is
implemented by clearing the stored tokens and redirecting the user back to the initial screen.

4.2.5. API Integration with the Spring Boot Backend

The frontend communicates with the backend using the http package. I tested this connection
early in development to ensure that the mobile application could successfully interact with
backend endpoints before starting to implement the app.

API interaction is primarily handled in events service.dart. This service includes
methods for retrieving events, viewing event details, applying to events, managing comments,
and updating attendance. Each method constructs an HTTP request, sends it to the backend,
processes the response, and converts the result into strongly typed model objects (see Appendix J
for an implementation of this).

Since backend returns a consistent ResponseDto<T>, similar one was implemented in
frontend for easier mapping and decoding of the results. This simplifies error handling and
ensures consistent behavior across different features.
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User Frontend (App) Keycloak (Auth Server) Backend (API)

$ Enters credentials

Request token

]

Returns access token and refresh token

API request + Bearer access foken

Validates JWT and|extracts user roles

Returns protected datd

i st o
o API request with expired access token
401 Unauthorized

e, o

o Send refresh token
Return new access token

e o

0 Retry API request with new token

Validates JWT and|extracts user roles

Returns protected datd

User Frontend (App) Keycloak (Auth Server) Backend (API)

Figure 9. Shows the complete authentication lifecycle using Keycloak and JWT.

4.2.6. Event Browsing, Filtering, and Application Flow

Event browsing is implemented in events feed page.dart, where event data is requested
from the backend and stored as a Future. The FutureBuilder widget is then used to connect this
data to the UI, allowing the page to react dynamically to loading, success, and error states.

To improve usability, several filtering mechanisms are implemented. A text search field allows
users to search events by name. Category filtering is implemented using a modal bottom sheet,
where categories are loaded from the backend and selected by the user. Selected categories are
then sent as query parameters in backend requests.

Location-based filtering is implemented using LocationService in

location service.dart. This service handles permission checks, retrieves the user’s
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current coordinates, and optionally converts them into a readable address. These coordinates are
passed to the backend, which performs distance-based filtering. I chose this approach so that the
frontend remains responsible for collecting input, while the backend handles more complex
filtering logic.

Event details and application functionality are implemented in event info page.dart.
When an event is opened, updated data is requested from the backend instead of relying only on
previously loaded information. This ensures that dynamic data, such as participant counts or
comments, remains accurate. When a user applies to an event, the request is sent through
events service.dart, and feedback is displayed using a SnackBar.

4.2.7. Comments

The commenting system is implemented as a reusable component in

comments bottom sheet.dart.Idesigned it this way so that both volunteer and
organization views could share the same functionality. When opened, the component loads
comments from the backend and displays them in a scrollable list. The Comment model from
comment.dart is used to map and format the data.

When a comment is submitted, it is sent to the backend, and the interface is updated
immediately. I clear the input field, remove focus from the keyboard, and refresh the list so the
new comment appears without requiring additional actions from the user.

4.2.8. Real-Time Chat Implementation

On the frontend, I implemented the chat feature within the Flutter application with a focus on
managing user interaction and maintaining a responsive interface. The main responsibility of the
frontend is to load conversation data, establish a connection for receiving updates, and ensure
that the user interface reflects changes in real time.

The main logic is implemented in chat service.dart. This service is responsible for
retrieving conversation lists and message history from the backend, and for maintaining the live
connection used for incoming messages. To support multiple Flutter platforms, I introduced an
abstraction layer using chat socket.dart, chat socket io.dart,

chat socket web.dart,and chat socket stub.dart. This allows platform-
specific connection details to be handled separately, while keeping the overall chat logic
consistent across the application.

When new messages are received, they are processed within the service layer and converted into
ChatMessage objects. This keeps data handling separate from the user interface and ensures
that the UI only works with structured data. Similarly, when a user sends a message, the request
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is passed through the service layer, which forwards it to the backend. This separation follows the
structure used in other parts of my application.

The user interface is implemented in chat conversations page.dart and

chat conversation page.dart. Inthe conversations page, I load the list of existing
conversations and update it when new messages appear. In the individual conversation view, |
display the message history and dynamically append new messages as they arrive. I also
implemented automatic scrolling so that the most recent message becomes visible. This improves
usability and makes the chat experience feel immediate and natural.

4.3. Database: PostgreSQL

The database layer of the system was implemented using PostgreSQL [15]. This choice was
made because the application relies on structured and highly related data, including users,
organizations, volunteers, events, applications, comments, conversations, and messages. A
relational database was therefore more suitable than a non-relational alternative, as the system
depends on clearly defined relationships, referential integrity, and efficient querying across
multiple tables [6].

The implemented schema is structured around several core entities that reflect the main features
of the application (see Appendix H). The central entity is UserEntity, which represents the
base user model. Role-specific data is separated into VolunteerEntity and
OrganizationEntity, while other entities such as EventEntity,
EventApplicationEntity, CommentEntity, ConversationEntity, and
MessageEntity support event management, applications, user interaction, and messaging.

In the final implementation, PostgreSQL was the only database used. Although offline support
with SQLite had been considered earlier in the project, it was not implemented in the final
version due to time constraints.

Description of main system entities:

o User
Represents a system user and serves as the base entity for both volunteers and
organizations. It contains shared attributes such as authentication-related data and is
extended to support role-specific information (see Appendix G Figure G.2 for
implementation of this class).

« Event
Represents a volunteering opportunity created by an organization. Each event contains
details such as title, description, date, time, location, and required skills. Events act as the
central element of the system, linking volunteers and organizations.
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o EventApplication
Represents a volunteer’s application to participate in a specific event. This entity captures
the relationship between volunteers and events, including application status and
attendance tracking (see Appendix G Figure G.4 for implementation of this class).

e Comment
Represents user-generated content associated with an event. Comments allow volunteers
and organizations to communicate directly within the context of a specific event,
supporting discussion and clarification.

o Conversation
Represents a communication channel between two users in the messaging system. It
groups related messages and defines the participants involved in a conversation.

e Message
Represents individual messages exchanged between users within a conversation.

4.3.1. Database Technologies and Mapping

The backend uses Java Persistence API (JPA) annotations together with Hibernate to map Java
classes to PostgreSQL tables. Each major entity in the application is represented by a dedicated
class annotated with @Ent i ty, while relationships are defined using annotations such as
@ManyToOne, @OneToMany, and @ManyToMany. Hibernate is then responsible for handling
the object-relational mapping between the application and the database, allowing database
operations to be performed through Java objects rather than raw SQL queries (see Appendix G).

UUIDs were used as primary keys across the entity model. This can be seen in the entity classes,
where identifiers are generated using GenerationType .UUID. Using UUIDs ensures

uniqueness across records and avoids reliance on sequential numeric identifiers (see Appendix
G).

4.3.2. Inheritance for Users, Volunteers, and Organizations

Since authentication in the system is handled using Keycloak, one of the main challenges during
database design was modelling user roles in a way that integrates well with Keycloak while also
avoiding data duplication and supporting role-specific attributes.

Initially, I implemented this using a one-to-one relationship between UserEntity and both
VolunteerEntity and OrganizationEntity. While this approach worked structurally,
it introduced unnecessary complexity when querying data. In many cases, it was required to first
retrieve the base user using its identifier and then perform additional joins to access role-specific
data. This made queries more complicated and reduced overall efficiency.
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After further research, I identified JPA inheritance as a more suitable approach and refactored
the design accordingly. In the final implementation, UserEntity is defined as an abstract base
class, and both VolunteerEntity and OrganizationEntity extend it. The inheritance
strategy used is InheritanceType.JOINED, where shared fields are stored in the base
users table, and role-specific attributes are stored in separate tables linked by the same primary
key (see Appendix G Figure G.2).

This approach ensures that common user data, such as username, email, Keycloak identifier,
role, and timestamps, is not duplicated across multiple tables. At the same time, it allows each
role to maintain its own specific attributes. For example, volunteers store personal details such as
name, date of birth, interests, and location, while organizations store fields such as organization
name, description, and website.

4.3.3. Relationships Between Entities

The implemented schema uses one-to-many, many-to-one, and many-to-many relationships.
These are represented explicitly using foreign keys and JPA relationship annotations.

A one-to-many relationship exists between organizations and events. One organization can own
many events, while each event belongs to one organization. This reflects the application logic in
which organizations create and manage volunteering opportunities.

Another one-to-many structure exists between events and comments. One event can have many
comments, while each comment belongs to one event. In addition, each comment belongs to one
user, meaning that a user can create many comments, but each comment has only one author.

The messaging system also uses one-to-many relationships. A conversation can contain many
messages, while each message belongs to one conversation. Each message also references one
sender, which is a user.

A many-to-many relationship is implemented between events and volunteers through the
event volunteer join table. In the code, this is mapped using @ManyToMany in
EventEntity and VolunteerEntity. This relationship represents volunteers associated
with events.

4.3.4. Event Applications

In addition to the direct many-to-many volunteer to event association, the implementation also
includes a separate EventApplicationEntity. This entity stores a volunteer, an event, an
application status, attendance status, attendance metadata, and timestamps. It is therefore not just
a simple join table, but a separate entity used to model the application process.
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This was an important part of the implementation because applying to an event requires more
information than a simple relationship. The system needs to record whether an application is
pending, accepted, or canceled, and it also tracks attendance-related information through fields
such as attendanceStatus, attendanceMarkedAt, and attendanceMarkedBy (see
Appendix G Figure G.4).

A unique constraint is defined on the combination of event idand volunteer id,
ensuring that the same volunteer cannot create multiple application records for the same event.
This is an example of enforcing a business rule directly at database level rather than relying only
on application logic (see Appendix G Figure G.4).

4.3.5. Constraints and Data Integrity

In addition to the application-level validation, I implemented several database level constraints to
enforce strict data integrity. First, foreign key relationships ensure referential integrity between
records. For example, an event application cannot exist without a valid volunteer and a valid
event, and a message cannot exist without both a valid conversation and a valid sender.
Similarly, comments must reference both a valid user and a valid event (see Figure 10).

@Table(name = "me

public class MessageEntity {
@Id
@GeneratedValue(strategy = GenerationType.UUID)
private UUID id;

@ManyToOne(fetch FetchType.L

@JoinColumn(name "Cr 58 ", nullable = false)

private ConversationEntity conversation;

Figure 10. Example of a foreign key relationship enforcing referential integrity in
MessageEntity.

Second, unique constraints are used to prevent the creation of duplicate or conflicting records. In
the base user table, both username and email are marked as unique, to duplicate identities
from being stored in the system. In EventApplicationEntity, the combination of event
and volunteer is also unique, which prevents duplicate applications for the same event (see
Appendix G Figure G.4). By implementing these constraints, I ensured that the database itself is
responsible for enforcing the system’s core correctness rules, which provides a final layer of
protection against data corruption.
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4.3.6. Geolocation Support

To support the spatial requirements of the application, I integrated geospatial capabilities using
PostgreSQL spatial types and Hibernate Spatial. I configured the database to store location data
using the Point type with the geometry (Point, 4326) column definition. I applied this
structure to both the 1ocation field for events and the homeLocation field for volunteers.
By representing coordinates as geographic points rather than plain text, the system is able to
handle complex spatial queries. I made this architectural choice to improve the efficiency,
because implementing it in service layer would make it very inefficient. By using the

ST DWithin function at the database level, the system can accurately identify all events
within a specified radius of a point. Using PostgreSQL was particularly useful for this project
because it provides native, high-performance support for advanced spatial operations, which
would be significantly more complex and less efficient to implement entirely within the
application code.

4.3.7. Querying and Retrieval

The repository layer shows that the application performs several structured queries beyond
simple record retrieval. Examples include searching events by title or organization name,
filtering by event categories, retrieving events linked to a specific organization, and finding
events near a volunteer’s location (see Appendix A Figures A.10 and A.11).

The application also queries event applications by volunteer, by event, and by status. In some
cases, related entities are loaded together using ‘join fetch’, which helps retrieve related event,
organization, or volunteer data in a single query.

4.4. Authentication and Security

I implemented authentication and authorization using Keycloak, which serves as the external
Identity Provider. In this design the backend is configured as an OAuth2 (OpenAuthorization)
resource server. By using this architecture, I avoided storing and managing passwords directly in
my application database. Instead, the backend validated access tokens issued by Keycloak. This
setup is configured within the application.properties and SecurityConfig.

I chose this approach early in development because I wanted to use a more secure and realistic
model from the start. At first, I considered using basic Spring Security and then moving to
Keycloak later. However, after testing Keycloak and reading its documentation, I found out that
the integration was simpler than I expected. Because of this, I decided to integrate Keycloak
from the beginning, allowing me to avoid extra refactoring later and saved me time in
development.
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4.4.1. User Identity Mapping

In practice, the authentication process relies on the data contained within JWT. The most
important part of the token for my implementation is the subject field, which represents the
unique Keycloak user ID. I stored this value in the keycloakId field of UserEntity so
that the user stored in Keycloak could be connected to our local application user. I then
implemented CurrentUserService, which reads the authentication object from the security
context, extracts the Keycloak ID from the JWT and queries the database for the matching user
record. This ensures that even though the authentication happens externally, the application can
still associate the authenticated user with their specific profile and permissions within the local
system.

4.4.2. Keycloak Administration Integration

The implementation also includes integration with the Keycloak administration API. This was
important because the system does not only validate tokens but also needs to create and manage
users in Keycloak. I implemented this functionality in KeycloakService. This class is
responsible for getting an administrative access token, sending requests to create users, assigning
roles, and deleting users when required (see Figure 11). I created and configured a dedicated
realm and a corresponding client in Keycloak to support this integration.

A detailed guide on how to set up Keycloak with Spring Boot is available in the official
documentation [16].

public void deleteUser(String keycloakId) {
getBackendAccessToken() .flatMap( token -> keycloakWebClient.delete()
.uri( userUrl + ' + keycloakId)
.header( | "Au n", "Beare + token)
.header( s application/json")
.accept(MediaType.APPLI
.retrieve()
.onStatus(HttpStatusCode: :isError, response ->
response.bodyToMono(String.class)
.flatMap( errorBody -> Mono.error(
new KeycloakException(
"A ile deleting user with key kId s':".formatted(keycloakIc

+ errorBody))))

.bodyToMono(Void.class)).block();

Figure 11. Example of the method that uses Keycloak API.

To support user creation, UserService builds a UserRepresentation object before
sending it to Keycloak. This object contains the user data expected by Keycloak, such as
username, email, and assigned role. This approach allows sensitive user information to be
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managed securely within Keycloak, while additional role specific data is stored in the apps
database.

4.4.3. User Synchronization Difficulties

One of the main challenges I faced was keeping Keycloak users synchronized with the backend
database. During development, I used Hibernate’s ‘create-drop’ mode in
application.properties because it made schema changes faster to test. However, this
also meant that backend user records were deleted whenever the application restarted, while
Keycloak users remained unchanged.

This created a bug, where a user could still authenticate successfully through Keycloak and
receive a valid JWT, but the backend would fail to find the corresponding internal user record
through keycloakId. As a result, protected features could not work correctly even though
authentication itself had succeeded.

I first attempted to solve this by introducing Flyway for database migrations. However, this
created a conflict because both Flyway and Hibernate were trying to manage the database
schema. Since the project was still in active development and the schema was changing
frequently, and I did not have any sensitive data I wanted to save, I realized that this approach
added unnecessary complexity.

To solve the problem in a simpler way, I continued using Hibernate’s schema generation and
implemented a development-focused seeding solution. I created DevDataSeeder, which
implements CommandLineRunner so that it runs automatically when the application starts
(see Figure 12). This class recreates predefined backend user records after a reset, helping keep
the local database aligned with Keycloak accounts. Although this is not a complete
synchronization solution, it was a practical solution during development and reduced repeated
manual setup.
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DevDataSeeder implements CommandLineRunner {

al UserRepository userRepository;

. args) throws {
f (luserR sitory.existsByUsername( )) {

OrganizationEntity orgEntity = OrganizationEntity.builder()
.username("org")
.email("o
.role(UserRole.0RGANIZATION
.address ("Tashk )
.description("IDK")
.websiteUr1("LOL")
.keycloakId("fea
.organizationName(
.build();

sitory.save(orgEntity);

Figure 12. Uses DevDataSeeder to automatically recreate predefined user records when the

application starts.

Overall, this implementation resulted in a secure and structured authentication system, where
Keycloak handles identity management, Spring Security validates JWT’s, and the backend
enforces role-based access control. During development, I realized that integrating an external
authentication provider can introduce unexpected challenges, like keeping Keycloak users and
backend records in sync when the database is reset.

5. Testing

I implemented an automated test suite focused on unit tests for the service layer. In practice, this
means each test checks a service method while mocking external dependencies such as
repositories, mappers, and helper services. This keeps the tests fast, consistent, and easy to run
often. This follows common good practice, where most tests are written at a lower level rather
than relying heavily on Ul tests [34].

In addition to automated testing, I also performed manual testing of the application to ensure
correct behavior across platforms. Since the application is cross-platform, I ran both 10S and
Android emulators during development. This allowed me to verify that the user interface and
functionality behave consistently across different operating systems (see Appendix A Figure A.2,
Figure A.3).

For backend testing, I used Postman to manually test API endpoints. I created a dedicated
Postman collection containing backend endpoints, which made it easier to test different scenarios
such as authentication, event creation, and application workflows. This helped ensure that the
API behaves correctly independently of the frontend (see Figure 13) [25].
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PUT revokeApplication
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Figure 13. Postman collection used for testing backend API endpoints.

5.1. Why service layer testing

I focused on testing the service layer because this is where the main business logic is
implemented. Services define how the system behaves, including rules, validations, and
interactions between components. Because of this, testing services gives the most useful
confidence that the system works correctly.

Service layer tests are also easier to isolate using mocks, which means they run quickly and give
fast feedback. Compared to controller or Ul tests, they do not require setting up the full web
framework or dealing with request/response conversion. This allows me to focus directly on
business logic such as permissions, state changes, and validation rules. This approach also
follows the idea of the test pyramid, where lower-level tests are faster, cheaper, and easier to
maintain than Ul tests [34].

5.2. Implementation using JUnit and Mockito

I organized all tests under the src/test/ directory using a consistent naming style such as
ClassNameTest and method expectedResult. This makes it easier to understand what
each test does and quickly identify where a failure comes from. I wrote the tests using JUnit 5
(Jupiter) and Mockito. JUnit provides the structure for writing and running tests, while Mockito
allows me to mock dependencies [1, 32].
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Mocks are initialized using @ExtendWith (MockitoExtension.class), and I used
annotations such as @Mock and @InjectMocks. Across the tests, I followed the Arrange, Act,
Assert (AAA) pattern to keep them clear and readable, where Arrange stands for prepare input
data and define mock behavior, Act for call the method being tested Assert for verify the result
and behavior [14].

In addition to checking return values, I also verified interactions using verify () (and
sometimes t imes (n) ) to make sure the service calls the correct repository or helper methods. I
also used matchers such as any () and eqg () where needed.

For example, I tested EventService.applyToEvent () by mocking the current user and
repository calls. The test checks that a new application is saved only when all conditions are
valid (see Appendix K Figure K.2).

5.3. UI testing

I could also implement UI tests using tools such as Selenide to automate full user flows.
However, I decided not to include this in the project. UI tests are generally more complex to
build and maintain, as they depend on UI structure, selectors, and timing. Given the limited
timeframe of this project, implementing UI tests was considered out of scope.

Instead, I focused on developing the application itself and validating the core logic through unit
tests. For the frontend and overall system behavior, I relied on manual testing to ensure that
features work correctly when integrated.

6. Tools

6.1. Engineering Tools

During development, I used GitHub as the main version control system [13]. It allowed me to
track changes, manage different features using branches, and safely experiment without affecting
the main codebase. This was particularly useful when working on different parts of the system in
parallel. GitHub also helped maintain a clear history of the project and made it easier to revert
changes when needed.

Docker was used to simplify the setup of external services, specifically PostgreSQL and
Keycloak [18]. Instead of installing and configuring these tools manually, I used Docker
containers to run them in isolated environments. This made the development setup more
consistent and easier to manage, as both services could be started quickly with predefined
configurations.

30



Postman was used as an API testing tool during development. It allowed me to send HTTP
requests to backend endpoints and inspect responses without relying on the frontend. This was
useful for verifying endpoint behavior, testing different scenarios, and debugging issues during
development (see Figure 12).

6.2. Al Usage

At the beginning of this project, the use of artificial intelligence (Al) tools was not part of my
original plan. My initial goal was to build a strong foundation in Flutter by developing the
project independently. However, by the time I completed the MVP, Al tools had advanced
significantly, and I realized that they would likely be an important tool in my future career.

Therefore, I decided to start using tools such as Codex and Claude Code, mainly to support
frontend development [4, 23]. These tools were used to assist with tasks such as UI structure and
repetitive widget patterns, rather than generating full solutions. I followed a structured workflow,
where I first defined the feature, its design, and the backend endpoints it interacts with, then used
Al to generate code, and finally reviewed and adjusted it to ensure it matched the project
architecture and best practices.

Al was also used to extend backend test coverage. After writing the initial tests myself, [ used Al
to generate additional tests for uncovered methods, ensuring that they followed existing patterns
such as Mockito usage, and the AAA pattern. All generated code was manually reviewed to
ensure correctness.

Overall, Al tools acted as a support mechanism that improved development efficiency and speed,
while I remained responsible for all key design and architectural decisions.

7. Reflection

One of the main challenges I faced at the beginning of the project was a lack of experience in
developing a full system independently. The overall scope of the project felt overwhelming, and
I initially struggled to decide where to start. Although I had a general idea of how the system
should work, I did not spend enough time developing a complete database design beforehand.
Instead, I began implementing features early and expanded the system as I progressed. This led
to multiple changes in the data model, which increased development time. Although I saved time
on security by integrating Keycloak early, the overall development still took longer than
expected due to these modifications. Looking back, I should have spent more time planning the
system architecture and database schema before starting implementation. However, it is common
for designs to change during development as requirements become clearer. I believe the most
effective approach is to create an initial design while allowing room for adjustments.
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I also overcomplicated certain aspects of the system. One example was attempting to follow a
Kanban-based workflow, which added unnecessary complexity for a solo project. Another
example was attempting to introduce Flyway for database migrations during development. Since
the schema was still changing frequently and there was no need to preserve production data, this
ended up being unnecessary and resulted in additional time spent debugging conflicts between
Flyway and Hibernate. As a result, Flyway was removed from the final implementation. This
issue occurred mainly due to insufficient research before introducing new tools into the project.

Time management was another significant challenge. My workflow was inconsistent, with
periods of high productivity followed by little or no progress. This made it difficult to maintain
steady progress in development. A more consistent approach, with smaller and regular
development sessions, would have improved both productivity and overall progress.

Due to the need to balance this project with other university work, several planned features were
not implemented or had to be simplified. For example, push notifications were not included in
the final version, despite being an important feature for mobile applications. Other features, such
as attendance tracking and location-based functionality, were implemented in a simplified form.
Additional features, including a custom analytics dashboard, volunteer ranking system, and
automation tools, were also not implemented. These decisions were necessary to ensure that the
core functionality of the system remained stable and complete, which was my main focus during
development.

If more time were available, I would focus on improving both functionality and user experience.
I would especially improve the user interface and implement features that were cut off, such as
dark mode, multilingual support, and group messaging. These improvements would make the
system more practical for real-world use.

The use of Al tools also influenced the development process. Initially, I did not plan to use them,
but I started using them later in the project to support frontend development and testing. These
tools helped improve efficiency and saved time. However, I limited their use to ensure that I
developed my own understanding of the technologies. Introducing them earlier could have
helped me complete more features, but it might have reduced the learning value of the project.
For this reason, they were used mainly towards the end and in a controlled manner.

Overall, the development process highlighted the importance of proper planning, realistic scope
definition, and consistent work habits. Given the limited timeframe and the fact that the project
was completed individually, the final result represents a reasonable balance between
functionality and complexity.
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8. Summary

Charities play crucial role in society and rely heavily on volunteers to achieve their goals.
However, many organizations still depend on fragmented tools such as messaging applications to
promote opportunities and hire volunteers. While existing platforms attempt to address this issue,
they often focus only one part of the problem and do not fully provide event discovery,
management and communication within one app.

Togetherly is a cross-platform mobile application designed to address this problem. The project
was developed as a full-stack system, combining a Flutter frontend, Spring Boot backend, and
PostgreSQL database.

The application supports two main user roles, volunteers and organizations, each with clearly
defined responsibilities. This structure enables both event discovery and management within a
single platform, addressing the gap identified in existing solutions.

Overall, the project achieved its main aims and objectives. It demonstrates the ability to design
and implement a complete software system using best development practices. While some
advanced features were not implemented due to time constraints, the final system provides a
stable and functional solution. These features could be added in future work to further extend the
system and improve its real-world use.
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10. Appendices

10.1. Appendix A - Ul screens of the app
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10.2. Appendix B - Example of REST API Endpoints in EventController

11

eateDto eventCreateDto)

estParam(required = false) String q)

iable String id)

esponseDto<
JID id,
EventUpdateDto eventUpdateDto

String id)

Figure B.1. This figure shows REST endpoints in the EventController, including POST, GET, PUT, and
DELETE operations. The endpoints are structured under /api/v1/events.

sponseEntity<ResponseDto<UUID>> J‘y )yLlyToEvent (@P: Variable UUID eventId)
orize("hasRole('V
ResponseEntity<ResponseDto<UUID> evokeAr t ent(@Pa UUID eventId)
thorize("hasRole('ORGANIZATION')")

yle UUID applicationId)

c ResponseEntity<ResponseD >> declineApplicat ( I UID applicationId)

ze("hasRole(
ng (€ | i
¢ ResponseEntity<ResponseDto<List<EventApplicationDto>>> tA ppl atic P: le UUID id)

"hasRole(
)
c ResponseDto<List<EventDto>
m(required = Set<EventCategory> categories,
required = se) String q,
m(required = e) Double latitude,
required e) Double longitude,

ram(required = false) Double radiusKm

Figure B.2. This figure shows endpoints for event applications and browsing, including applying,
approving, and retrieving applications. It also includes a filtering endpoint (/browse) with query
parameters.
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10.3. Appendix C - DTO Validation Annotations

s EventCreateDto {

String

k

String
Blank

St

e LocalDate @NotBlank

private String

Ll (@NotNull
te LocalTime private LocalDate
@NotNull

private Double

@NotBlank

ate LocalTime

: String

String
Set<EventCategory>

ing

> Double

> Double

s CommentCreationDto { s OrganizationCreationDto {

ank
String

> String

Figure C.1. Validation annotations in request
DTOs.
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10.4. Appendix D - Examples of API Responses Using ResponseDto<T>

These examples demonstrate the consistent structure of the ResponseDto<T> wrapper across
different endpoints.

1 3

2 "success": false,

3 "data": null,

4 "message": "User not found",
5 "metadata": null

6 1

Figure D.1. Example error response.

1 3

2 "success": true,

3 "data": "1b7ac523-6343-42f0-956e-034f6fa63628",
4 "message": "Organization created successfully",
5 "metadata”: null

6 %

Figure D.2. Example successful account creation response.

1 4

2 "success": true,

3 “data": {

4 "id": "61594f8d-e013-481c-834a-7e7093caag96",

5 "title": "ANIMAL_WELFARE",

6 "description”: "test Help us clean and restore the local

7 "address": "test Greenfield Park, London",

8 "organization": {

9 "id": "1b7ac523-6343-42f0-956e-034f6fa63628"
10 "organizationName": "DummyOrganizationl"
11 b
12 "date": "2026-03-03",

13 "time": "12:00:00",

14 "endTime": "14:00:00",

15 "timezone": "Europe/London",

16 "createdAt": "2026-04-07T16:52:58",
17 "capacity": 20,

18 "categories”: [

19 "ANIMAL_WELFARE"

20 1,

21 "volunteersCount": 0,

22 "commentsCount": O,

23 "latitude": 10.0,

24 "longitude": 5.0

25 1,

26 "message": "Event successfully retrieved",
27 "metadata”: null

28 %

Figure D.3. Example response for event retrieval.
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10.5. Appendix E - Entity-DTO Mapping Using MapStruct

@Mapper(componentModel =

public interface CommentMapper {

@Mapping(target = "author", source

CommentDto ent Dto(CommentEntity entity);

CommentAuthorDto (UserEntity user);

List<CommentDto> entitie List<CommentEntity> entities);

Figure E. 1. Maps CommentEntity objects to CommentDto, including conversion of the associated
user into an author representation.

@Mapper(
componentModel = r -
nullValuePropertyMappingStrategy = NullValuePropertyMappingStrategy.IGN

OrganizationMapper {

ping(target = "r , expression 2 (or X yle.t Ly ) r ( NIZATION)")

OrganizationEntity organizationCre nDtoToOrganizat 1Entity(OrganizationCreationDto organizationCreationDto);
OrganizationDto organizat tity JrganizationDto(OrganizationEntity organizationEntity);

ing(target , ignore = t
, ignore = tru
, ignore
Id", ignore = true
, ignore = true
, ignore

, ignore

1g(target ¢ t , ignore = true)
pdateOrganizationEntityFromDto(OrganizationUpdateDto organizationUpdateDto, @ OrganizationEntity orga

Figure E.2. Handles conversion between organization DTOs and OrganizationEntity, including
creation, retrieval, and partial updates while preserving existing data.
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componentModel = "sp
nullValuePropertyMappingStrategy = NullValuePropertyMappingStrategy.I
)

public interface EventMapper {

@Mapping(target = "location", source = ".", gualifiedByName = "dtoToPoi
EventEntity toEntity(EventCreateDto eventCreateDto);

@Mapping(target "crea At", source =
)ping(target "organization", source
", source = "location", qualifiedByName

ping(target " e", source = "1 on", qualifiedByName

EventDto entityToDto(EventEntity eventEntity);

List<EventDto> entit (List<EventEntity> events);

Figure E.3. Maps event DTOs and entities, including conversion between geographic
coordinates and location objects for storing and retrieving spatial data.
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10.6. Appendix F - Centralized Exception Handling

ntionHandler(jakarta.persistence.EntityNotFoundException.c )

public ResponseEntity<ResponseDto<Void>> handleNotFound(jakarta.persistence.EntityNotFoundException ex) {

urn ResponseEntity.status(404).body(
ResponseDto. builder()
.success(false)
.message (ex.getMessage())
.build()

ceptionHandler(AccessDeniedException.cl
public ResponseEntity<ResponseDto<Void>> | nied(AccessDeniedException ex) {
return ResponseEntity.status(403).body(
ResponseDto. builder()
.success(false)
.message(ex.getMessage())
.build()

eptionHandler (EntityExistsException.cla
ic ResponseEntity<ResponseDto<Void>> ha tity sts(EntityExistsException ex) {
return ResponseEntity.status(409).body(
ResponseDto. builder()
.success(false)
.message (ex.getMessage())
Lbuild()

Figure F.1. Example of centralized exception handling in GlobalExceptionHandler.
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10.7. Appendix G - Entity Class Implementations

Double

String

tion(fetch =

joinColumns =

n(name =

UserEntity {

FetchType

in(name =

, nullable = f

, fetch = FetchType.

, columnDefinition = 0 i 26)")

Figure G.1. Extends UserEntity to include volunteer-

specific data such as personal details, interests, and

location.

L ntEntity>

Figure G.3. Extends UserEntity to include

cascade = CascadeType.ALL, orphanRemoval = true)

organization-specific fields such as organization
name, description, and related events.
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INoA

= InheritanceType.
s UserEntity {
e(strategy GenerationType. L )
mn(nullable f , unique =
e String

n(nullable = false, unique = t

e String

n(nullable =

tring

n(nullable

, updatable = false)

Figure G.2. Defines the base user model with
shared fields such as username, email, role,
and Keycloak identifier.

Figure G.4. Defines the relationship between
volunteers and events, including application
status and attendance tracking.



10.8. Appendix H - Database Schema Design

sende

[ messages

[0 created_at

I3 conversation_id
2 recipient_id

I sender_id

D content

Rid

reciplent id mT T

@ users

[ created_at

[0 updated_at
1 email

1 keycloak_id
D role

J username

Feid

—partichpanth_id:id
parteipant_a_id:Md

b

[ conversations

[ created_at
[ updated_at
12 participant_a_id
12 participant_b_id

I$id

conversation_ld: id

[ volunteers

[[] commutable_distance
[0 date_of_birth

[[J address

O bio

[0 first_name

[ 1ast_name

[0 home_location

Giid

volunteer_id:id
volunteer_id:id

(
i wvolunteer_interests
7% volunteer_id

Sinterest

volunteer_id:id

@@ event_applications

[0 attendance_marked_at
[0 created_at

[[J updated_at

[ attendance_marked_by
2 event_id

12 volunteer_id

I attendance_status

I status

Jsid

event_id:id

[ event_volunteer

[ organizations

[[] address

[ description

[[J organization_name
[0 website_url

Lepid

organizatign_Id:id

user_id:id

@ events

[ capacity

[0 date

(O end_time

O time

[0 created_at

[0 updated_at

I organization_id
[ address

[ description

[ timezone

(O title
[0 location

Rid

event_ld:id

event_id:id|

[ event_categories

7% event_id

5 category

I event_id

2 volunteer_id

_event_id:id

M comments

[ created_at
[ updated_at
I event_id
I user_id

[ body

sgid

gure H.1. Database schema showing core entities and relationships, including users,
volunteers, organizations, events, applications, messaging, and interactions.
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10.9. Appendix I - JWT Role Extraction and Parsing
1ss KeycloakRealmRoleConverter impl nts Converter<Jwt, Collection<GrantedAuthority>> {

rride &

public Collection<GrantedAuthority> co (Jwt jwt) {

Map<String, Object> realmAccess = jwt.getClaim("
f (realmAccess == null) {
return Collections.emptySet();

Object rolesObj = realmAccess.get("roles");
if (!(rolesObj instanceof Collection<?> rolesRaw)) {
turn Collections.emptySet();

Set<String> roles = rolesRaw.stream()
.filter(Objects::nonNull)
.map(Object: :toString)
.collect(Collectors.toSet());

n roles.stream()
.map ( role -> role.startsWith("R( ) ? role :
.map (SimpleGrantedAuthority )
.collect(Collectors.toSet());

Figure 1.1 Extracts user roles from the JWT in the backend by reading the realm access claim
and converting roles into granted authorities.

L tring> extrac rcl 20 tr a To {

Decode

claims[ Lm
oles'] = null) {

Figure 1.2 Extracts user roles from the JWT on the frontend by decoding the token payload and
reading roles from the realm_access claim.
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10.10. Appendix J - Frontend API Integration Example

ng applicationId) async f

wait http.

Figure J.1. Sends an authorized PUT request to approve an event application and parses the backend
response.

final response = await _token

(token) => http.get(
uri,
headers: {
Authori

token.

to<List<Event>>.fromJson(decoded, (json) {
n <Event>[];

json as List<dynamic>;

.map((e) => Event.fromJson(e as Map<String, dy
.tolist();
1)

if (!result. 55) {
ception(result.me

return result;

Figure J.3. Parses the API response by converting JSON data into application models using a generic
response wrapper.
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10.11.Appendix K - Example of Service Layer Unit Test Implementation

(MockitoExtension.cla

EventServiceTest {
EventMapper
EventRepository ev
OrganizationRepository
CurrentUserService cu
EventApplicationRepository e

e VolunteerRepository volunteerReposi

EventApplicationMapper

EventCalendarService

@InjectMocks

EventService eventS

UUID eventId = UUID.fromString(

VolunteerEntity volunteer = volunteer(

EventEntity event = event(eventId, organization( : -
EventApplicationEntity savedApplication = application( )d -0d0d-0ded-0dod-0d | ", event, voluntee

when(currentU ce.getCurrentUser()).thenReturn(volunteer);

when(eve ry.findById(eventId)).thenReturn(Optional.of(event));

when .findById(volunteer.getId())).thenReturn(Optional.of(volunteer));

when(e tApplicatic . ry.existsByEventIdAndVolunteerId(eventId, volunteer.getId())).thenReturn(
when(eventA or ve(any(EventApplicationEntity.class))).thenReturn(savedApplication)

ResponseDto<UUID> response = eventService.applyToEvent(eventId);
assertThat(response.getDat isEqualTo(savedApplication.getId());

ArgumentCaptor<EventApplicationEntity> captor = ArgumentCaptor.forClass(EventApplicationEntity.cla
verify(eventAppl onRe .save(captor.capture())

assertThat(captor.getValue().getEvent()).isEqualTo(event)

assertThat(captor.getValue().getVolunteer()).isEqualTo(volunteer);

Figure K.2. Example unit test method using the Arrange-Act-Assert pattern to verify service-layer
behavior.
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