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1. Introduction

The Campus Club Management System (CCMS) is introduced as a holistic relational database solution for the university’s Students’ Union, which presently oversees its club-related operations using disconnected paper-based and spreadsheet tools. These fragmented approaches create challenges in tracking club memberships, organizing events, monitoring participation, and documenting communications. The lack of a unified system has resulted in data redundancy, inconsistent records, and inefficiencies in planning student engagement activities.
The aim of the CCMS is to consolidate all information pertaining to clubs, students, events, communications, and participations into a normalized relational database that adheres to principles of integrity, consistency, and efficiency. The design and execution of the CCMS are guided by established database engineering methodologies, which include conceptual modelling, logical schema development, normalization to Third Normal Form, and physical implementation with suitable indexing, triggers, stored procedures, and transactional safeguards. This report details the complete design and implementation lifecycle of the CCMS, providing both theoretical rationale and practical application.

2. Database Design

2.1 Identification of Entities and Attributes

The scenario identifies five core functional elements: clubs, members, memberships, events, participations, and communications. These translate naturally into relational entities. The Club entity contains descriptive attributes such as club name, category, and founding date. The student entity records details of enrolled students including identification number, name, programme, and academic year [1]. The many-to-many relationship between students and clubs requires a Membership entity, containing join dates and membership status. Events organised by each club form another entity, which includes event title, venue, date, and attendance requirements. Participation records establish a many-to-many link between events and attending members. Communications form an additional entity used to archive official messages sent to members, containing message content, date, sender, and the club responsible for the communication [2].
Relationships are defined as follows: each club can have many events, many members, and many communications. Each student can belong to multiple clubs and attend multiple events. These relationships allow meaningful queries such as identifying the most active clubs, analysing attendance trends, and reviewing historical communications [3].



2.2 Entity–Relationship Diagram
The ERD positions Club at the core of the model, connecting it to Membership and Events. Students are linked to Club via Membership, and to Events through Event_Participation. The primary keys are identified as club_id, student_id, event_id, membership_id, and participation_id. Foreign keys facilitate the relationships: Membership refers to club_id and student_id; Events refers to club_id; Event_Participation refers to event_id and student_id. Additionally, Club references category_id from Club_Category.
The ERD illustrates a well-organized many-to-many resolution, distinctly outlining join tables (Membership and Event_Participation) with attributes pertinent to each relationship, thereby avoiding the embedding of unnecessary duplicated data within the parent entities [4]. This design promotes data integrity, prevents redundancy, and enables effective monitoring of student club membership and event participation [5].

2.3 Normalisation to Third Normal Form
The initial conceptual schema underwent a thorough process of normalisation. In the First Normal Form, every attribute is atomic, and there are no repeating groups present. Attributes like student names, event venues, and communication content are maintained as indivisible fields. The transition to the Second Normal Form guarantees that all non-key attributes are entirely dependent on the primary key of the table [6]. This phase was especially significant for the Membership and Participation entities, which exhibit composite relationships; by implementing surrogate primary keys and maintaining foreign keys, all attributes are fully reliant on a single key [7].
The final transition to the Third Normal Form removes transitive dependencies. For instance, student programme information is exclusively stored in the student entity; event venue details are confined to the Event entity; and communication metadata, such as the identity of the sender, is not replicated across associated tables. This segregation reduces redundancy and promotes consistency during updates [8].

2.4 Schema Definition and Integrity Constraints
The physical schema incorporates primary keys, foreign keys, cascaded update and delete behaviours, as well as check constraints. For instance, it enforces unique club names, validates event dates to avoid scheduling errors in the past, ensures that membership dates follow the founding dates of clubs, and upholds referential integrity for participation records, thereby preventing any student from participating in an event without prior membership in the relevant club [9].
These constraints not only ensure data accuracy but also mitigate the risk of logical inconsistencies, which is crucial for any transactional system [10].




3. Database Implementation

3.1 Sample Data and System Validation
The database was filled with authentic sample data that illustrated academic, sports, and cultural clubs, as well as active students from various programs, seasonal events, and historical participation records. The data validation process confirmed that constraints effectively prevented inconsistent input. For instance, attempts to register a student's participation in a club to which they do not belong successfully resulted in foreign key violations, thereby ensuring that business rules were upheld at the database level.

3.2 Stored Procedures with Transaction Control
Stored procedures were designed to handle insert, update, and delete operations for key entities including Student, Club, Event, and Membership. Each procedure adheres to a strong transactional framework [11].
This approach guarantees that no incomplete operation can compromise the integrity of the database in case of a runtime error. For instance, the procedure for establishing a new event check for the existence of the related club and the validity of the event date. Issues such as an invalid ClubID or duplicate event names will automatically initiate a rollback [12].

3.3 Triggers and Auditing Features
Audit triggers have been established to monitor changes in essential tables, particularly Membership, Event, and Communication. An AuditLog table captures the action type, timestamp, user, affected record ID, and the previous and new values where applicable. The AFTER INSERT, UPDATE, and DELETE triggers document alterations without imposing any additional load on application logic. These audit logs facilitate both accountability and rollback analysis, providing a historical record of system changes.

3.4 Transactional Scenario and Rollback Logic
A sophisticated transactional scenario was designed to emulate the creation of an event, followed by the automatic scheduling of communications and invitations to participants. The transaction encompassed the event creation, the production of communication records, and the optional pre-registration of members. Should any element fail, such as an invalid communication recipient or a missing membership record, a rollback of the entire process was initiated. This effectively upheld atomicity, which is one of the fundamental ACID properties [13].
The rationale for employing rollback is grounded in the necessity for consistency: an event should not be present without its corresponding communication being dispatched, as this would result in incomplete operational data. The commit function finalizes the transaction only when all prerequisites are met [14].

3.5 Critical Queries and Operations
The database is structured to accommodate frequent operational queries, which include retrieving all events organized by a specific club, identifying students with the highest participation levels, and generating membership statistics for reporting purposes. Analytical queries, such as those aimed at calculating trends in event attendance or pinpointing clubs with low membership engagement, necessitate joins across the Membership, Event_Participation, Events, Club, and Students tables [15].
These queries are significantly enhanced by the indexing strategies that have been implemented, which optimize the performance of frequent joins and lookups. For instance, queries designed to find all students in a particular club, all events hosted by a club, or all students attending a specific event are executed with greater efficiency due to targeted indexing.

3.6 Indexing Strategy and Performance Enhancement
Secondary indexes have been created on columns that are frequently utilized in join operations and filtering processes. In particular, indexes are present on Membership(student_id), Membership(club_id), Events(club_id), Event_Participation(event_id), and Event_Participation(student_id). This strategy is warranted as administrators often need to filter data by club, retrieve a student’s club memberships, or identify participants in specific events.
The indexing of foreign keys minimizes lookup times during join operations, while analytical queries that involve participation or membership statistics gain from quicker access to indexed columns rather than scanning entire tables. Evaluations utilizing query execution plans reveal substantial reductions in both logical reads and execution times, thereby confirming that the indexing strategy has effectively enhanced system performance without imposing excessive overhead.








4. Conclusion and Reflection

The Campus Club Management System effectively tackles the operational difficulties faced by the Students’ Union by consolidating all vital club-related data within a fully normalized relational database. The design of the database adeptly captures the intricacies of many-to-many relationships among students, clubs, and events, while ensuring data integrity and minimizing redundancy. The implementation phase showcased the system’s capabilities through realistic test data, robust stored procedures, and auditing mechanisms that promote accountability and traceability.
Transactional processing guarantees that interdependent operations either succeed or fail collectively, thus preserving data consistency. Indexing improves the performance of analytical operations that are crucial for tracking club engagement and student participation. The incorporation of academic literature further substantiates the design and implementation decisions, anchoring the project within established theoretical frameworks.
The project encountered several challenges, particularly in modelling intricate relationships and ensuring consistency across dependent operations. These issues were addressed through meticulous ERD construction, comprehensive normalization, and thorough testing of transactional procedures. Prospective enhancements may involve the creation of a front-end application that interfaces with the database, integration with university authentication systems, or the deployment of advanced analytics and reporting dashboards.
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