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[bookmark: _Toc219330675]1. Introduction
Student unions manage a wide range of clubs, memberships, and events, all of which generate operational data that must be accurate, consistent, and auditable. When this data is managed using spreadsheets or informal systems, issues such as duplication, inconsistency, and limited reporting capability often arise. Relational database systems are widely recognised as an effective solution to these challenges due to their ability to enforce integrity constraints and support structured querying [1], [2].
The purpose of this project is to design and implement a relational database that supports club administration, student memberships, event organisation, participation tracking, announcements, and audit logging. The system is implemented using MySQL and applies established relational database principles, including normalisation to Third Normal Form (3NF), enforcement of referential integrity, and the use of stored procedures, triggers, and transactions [1], [2].
[bookmark: _Toc219330676]

2. Database Design
[bookmark: _Toc219330677]2.1 Requirements Analysis
The CCMS database must store details of students and clubs, record memberships, manage events, track event participation, and store announcements. It must also maintain an audit trail of data changes to support accountability. These requirements necessitate careful identification of entities and relationships to ensure both operational usability and reporting capability [1].
[bookmark: _Toc219330678]2.2 Entity Identification and Rationale
The database design includes the following core entities: Students, Clubs, Events, Announcements, and AuditLog. Two associative entities—Memberships and EventParticipation—are used to represent many-to-many relationships while storing relationship-specific attributes, which is a standard relational modelling approach [1], [5].
[bookmark: _Toc219330679]2.3 Entity Relationship Diagram (ERD)
[image: ]The ERD represent entities, attributes, and relationships. One club may organise many events, but each event is associated with exactly one club. Students may join multiple clubs and attend multiple events, requiring associative entities to correctly model these relationships [1].
[bookmark: _Toc219330680]2.4 Normalisation to Third Normal Form (3NF)
The database schema has been normalised to Third Normal Form (3NF) to reduce redundancy and prevent update, insertion, and deletion anomalies. All tables satisfy First Normal Form (1NF) by ensuring atomic attribute values, and Second Normal Form (2NF) by ensuring full functional dependence on the primary key [1], [2].
Third Normal Form is achieved by removing transitive dependencies. For example, membership-specific attributes such as role and status are stored in the Memberships table rather than in the Students or Clubs tables. This ensures that changes to a student’s role in one club do not affect their memberships elsewhere, preserving data integrity and supporting maintainability [1], [5].
[bookmark: _Toc219330681]

3. Database Implementation
[bookmark: _Toc219330682]3.1 Schema and Constraints
The database schema is implemented using SQL Data Definition Language (DDL) statements. Each table is defined with an explicit primary key to ensure entity uniqueness and support efficient indexing. Foreign key constraints enforce referential integrity between related tables, which prevents the creation of orphaned records and maintains consistency across relationships [2], [3].
Associative tables such as Memberships reference both Students and Clubs, ensuring that all membership records correspond to valid entities. Domain and NOT NULL constraints further restrict invalid or incomplete data entry, enforcing business rules directly within the database layer [2].
[image: ]
[FIGURE 2: Table creation output]
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[FIGURE 3: Constraint and foreign key definitions]
[bookmark: _Toc219330683]3.2 Sample Data
Representative sample data is inserted into all tables to support realistic testing. The dataset includes multiple students, clubs, memberships with varying roles, and events with defined capacities, allowing meaningful validation of database behaviour under realistic conditions [5].
[image: ]
[FIGURE 4: Sample data insertion results]
[bookmark: _Toc219330684]3.3 Stored Procedures and Transaction Control
Stored procedures encapsulate CRUD operations and centralise business logic within the database. Each procedure uses explicit transaction control through START TRANSACTION, COMMIT, and ROLLBACK statements to ensure atomicity and consistency of multi-step operations [4].
By embedding transaction logic within stored procedures, the database prevents partial updates and ensures that either all changes are applied successfully or none are applied at all, protecting data integrity even in the presence of errors [4].
[image: ]
[FIGURE 5: Stored procedure definitions]
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 [FIGURE 6: Stored procedure execution – successful commit]
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3.4 Auditing Triggers
Auditing triggers automatically record INSERT, UPDATE, and DELETE operations on key tables. Each trigger writes an entry to the AuditLog table, ensuring that data changes are traceable and can be reviewed if required. Trigger-based auditing is a common technique for maintaining data accountability within relational systems [3].
[image: ]
[FIGURE 7: Trigger creation output]
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[FIGURE 8: AuditLog contents after data modification]
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3.5 Transactional Scenario: Student Event Registration
A transactional stored procedure manages student registration for events. Validation steps include verifying the existence of the student and event, checking for duplicate registrations, and ensuring event capacity is not exceeded. Only when all conditions are satisfied is the transaction committed [4].
If any validation step fails, the procedure performs a rollback, ensuring that no partial changes are applied to the database. This approach prevents inconsistent data states such as overbooking and duplicate participation records [4].
[image: ]
[FIGURE 9: Transaction success – commit path]
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[FIGURE 10: Transaction failure – rollback path]
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4. Performance Tuning and Indexing
Indexes are created on frequently queried columns, particularly foreign keys in associative tables. Indexing reduces the need for full table scans and improves query performance for both operational and reporting queries [3], [5].
The effectiveness of indexing is demonstrated using EXPLAIN output, which shows how the query optimiser selects indexes and reduces the number of rows examined during query execution [3].
[image: ]
[FIGURE 11: Index creation statements]
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[FIGURE 12: EXPLAIN output showing index usage]
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5. Testing and Verification
Testing verifies correct enforcement of constraints, correct transactional behaviour of stored procedures, and correct execution of audit triggers. Constraint failure tests confirm that invalid data is rejected, while successful and failed transaction tests demonstrate commit and rollback behaviour [2], [4].
[image: ]
[FIGURE 13: Constraint/validation failure demonstrating rejection of an invalid duplicate event registration attempt]
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6. Conclusion and Reflection
The CCMS database provides a robust solution for managing student clubs and related activities. Through normalisation, integrity enforcement, transactional control, and auditing, the system ensures data consistency and accountability, aligning with established best practices in relational database design [1], [2].
Future enhancements could include role-based access control, additional reporting views, and integration with a web-based front-end system. These enhancements would extend functionality while preserving the integrity-focused design established in this project.
[bookmark: _Toc219330690]
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CREATE TRIGGER trg_students_ai
AFTER INSERT ON Students
FOR EACH ROW

BEGIN

INSERT INTO Auditlog (TableName, ActionType, RowPK, ChangedBy, Details)
VALUES ('Students’, 'INSERT', NEW.StudentID, CURRENT_USER(),

ENDSS.

CONCAT('Student. created:

5 NEW.Studentumber, ' (', NEW.Firstiiame, '

*, NEW.Lastlame, ')'));
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