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[bookmark: _Toc219317878]Introduction
This report documents the design and implementation of a database system for the University Students' Union. The organisation required a reliable system to manage the complicated interactions among student members, campus clubs, and event attendance, as manual processes had led to data inconsistencies. The main goal of this project was to digitise these workflows using the MySQL Relational Database Management System (RDBMS). To meet the assignment requirements, the database was developed using a normalised schema [1]. 
This structure organises information optimally, minimising redundancy and the possibility of data entry errors. I placed strong emphasis on Data Validity by enforcing Foreign Key constraints and adhering to the fundamental ACID properties (Atomicity, Consistency, Isolation, and Durability) [2]. This approach ensures dependable transaction processing and maintains database integrity. Finally, the solution improves operational flow through automation features such as Triggers and Stored Procedures. These handle complex tasks, including event registration and attendance tracking, without manual intervention.


[bookmark: _Toc219317879]Database Design
[bookmark: _Toc219317880]Entity Relationship Modelling 
The database schema was designed to accurately represent the relationships between the fundamental entities: Students, Clubs, and Events. This design, as depicted in Figure 1, employs a relational model that ensures logical coherence and optimises data storage. By structuring these core entities effectively, the schema facilitates seamless data management and retrieval, ultimately supporting the system's overall functionality.
[image: ]
Figure 1: Entity Relationship Diagram (ERD) of the Student Union System.




[bookmark: _Toc219317881]Normalisation and Data Integrity 
To eliminate data redundancy and minimise the risk of update anomalies, the schema was normalised to Third Normal Form (3NF) [3].
First Normal Form (1NF): I ensured that all table columns contain atomic values, removing any repeating groups of data.
Second Normal Form (2NF): I verified that all non-key attributes are fully dependent on the primary key, eliminating partial dependencies.
Third Normal Form (3NF): To satisfy 3NF, I removed transitive dependencies. For instance, instead of repeating club details inside the Memberships table, I moved them to a dedicated Clubs table. This prevents update anomalies: if a club changes its name, the change only needs to be made in one master record rather than updating every single student membership [4].

[bookmark: _Toc219317882]Handling Many-to-Many Relationships 
A significant structural challenge in this project was modelling the relationships between students and their extracurricular activities. A single student can join multiple clubs, and conversely, a single club comprises many students. This creates a Many-to-Many (M:N) relationship, which cannot be implemented directly in a relational database without violating First Normal Form (1NF) [4].
To resolve this, I introduced associative entities (often called intersection tables) to bridge the gap between the core entities:
· Memberships Table: This table resolves the M:N relationship between Students and Clubs. It stores a pair of Foreign Keys referencing the primary keys of both parent tables.
· Event_Attendance Table: Similarly, this table manages the link between Students and Events, allowing the system to track exactly which students attended specific events.
Crucially, I applied composite unique constraints to these tables (e.g., UNIQUE (student_id, club_id)). This ensures data integrity by preventing logical errors, such as a student being registered for the same club or the same event more than once.
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[bookmark: _Toc219317884]Database Schema Creation
I implemented the database structure using Data Definition Language (DDL) commands to ensure precise control over data types and constraints. The schema consists of four primary tables: Students, Clubs, Memberships, and Events.
Implementation of Parent Tables. First, I created the core entities, such as Clubs. I prioritised storage efficiency when selecting data types for these tables.
	CREATE TABLE Clubs (
    club_id INT AUTO_INCREMENT PRIMARY KEY,
    club_name VARCHAR(50) UNIQUE NOT NULL,
    category VARCHAR(50) NOT NULL,
    founding_date DATE NULL,
    club_description TEXT NULL,
    is_active TINYINT NOT NULL DEFAULT 1
);



Data Type Justification: TINYINT In the code above, I implemented an is_active column to track whether a club is currently operational. For this column, I specifically selected the TINYINT data type rather than a standard INT.
Since this field only requires a binary state (1 for Active, 0 for Inactive), using a standard INT, which occupies 4 bytes, would be inefficient. TINYINT occupies only 1 byte. While this saving is small for a single record, this decision demonstrates a commitment to storage efficiency, ensuring the database remains optimised even as the dataset scales [5].
Establishing Relationships Once the parent tables (Students and Clubs) were established, I created the associative tables. This order was strictly necessary because the Memberships table relies on Foreign Keys that reference the pre-existing parent IDs.



	CREATE TABLE Memberships (
    membership_id INT AUTO_INCREMENT PRIMARY KEY,
    club_id INT NOT NULL,
    student_id INT NOT NULL,
    join_date DATE NOT NULL,
    
    CONSTRAINT FK_Memberships_Student
        FOREIGN KEY (student_id)
        REFERENCES Students(student_id)
        ON DELETE CASCADE,
        
    CONSTRAINT FK_Memberships_Club
        FOREIGN KEY (club_id)
        REFERENCES Clubs(club_id)
        ON DELETE CASCADE,
        
    UNIQUE (student_id, club_id)
);



[bookmark: _Toc219317885]Enforcing Integrity 
When creating this table, I prioritised data integrity by defining Foreign Key constraints immediately. This setup enforces referential integrity at the database level, ensuring that no "orphan" records can exist; for example, a membership cannot be created for a student ID that does not exist in the Students table.
I also applied the ON DELETE CASCADE constraint to automate data maintenance. This ensures that if a student is removed from the system, all their associated membership records are instantly deleted. This mechanism is crucial for maintaining integrity, as it prevents records linking to a non-existent student from cluttering the database [6].
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Figure 2: Successful creation of tables in the Student Union schema.

[bookmark: _Toc219317886]Data Dictionary and Constraints 
After creating the schema, I verified the table structures to ensure they matched the design specifications. This involved confirming that appropriate data types were assigned to each column and that all integrity constraints, specifically Primary Keys for identification and Foreign Keys for relationships, were correctly applied.[image: A white rectangular frame with a black border
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Figure 3: Table structure showing Primary (PRI) and Foreign (MUL) keys.
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Data Population
Once the schema was successfully implemented, I populated the tables with realistic sample data using SQL INSERT statements. I carefully sequenced these insertions to respect the Foreign Key constraints, for example, ensuring that Student and Club records were created before attempting to populate the Memberships table. This step was essential to create a functional dataset, enabling comprehensive testing of the system's queries and logic in subsequent stages.
	INSERT INTO Students (first_name, last_name, email, phone_number, enrolment_year)
VALUES 
    ('John', 'Smith', 'john.smith@uni.ac.uk', '07700900123', 2023),
    ('Sarah', 'Jones', 'sarah.j@uni.ac.uk', '07700900456', 2022),
    ('Mike', 'Brown', 'mike.brown1@uni.ac.uk', '07700900234', 2023),
    ('Julie', 'Bright', 'j.bright@uni.ac.uk', '07700900333', 2024),
    ('Gary', 'Davies', 'gary.davies19@uni.ac.uk', '07700900673', 2022),
    ('Claire', 'Williams', 'claire.williams@uni.ac.uk', '07700900321', 2024);
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Figure 4: Verification of sample data insertion into the Students table.
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[bookmark: _Toc219317889]Encapsulation using Stored Procedures
To improve system security and scalability, I replaced direct table access with Stored Procedures. By implementing this abstraction layer, I encapsulated the logic for inserting, updating, and deleting records.
This approach ensures that users (or the application frontend) interact with the database through a controlled interface rather than executing raw SQL commands directly against the tables. This not only standardises data access but also reduces the risk of accidental data corruption or malicious injection [4].
[image: ]
Figure 5: Stored Procedures implemented to handle CRUD operations.

[bookmark: _Toc219317890]Automation with Database Triggers
To maintain real-time data accuracy without relying on manual updates, I implemented a database Trigger on the Event_Attendance table.
The trigger, named UpdateAttendeeCount, is configured to execute automatically whenever a new student registers for an event. It instantly increments the current_attendees count in the linked Events table. This automation ensures that attendance figures remain perfectly synchronised with the actual registration data, eliminating the potential for human error in tracking capacity, a key benefit of Active Database systems [1].
	DELIMITER $$
CREATE TRIGGER UpdateAttendeeCount
AFTER INSERT ON Event_Attendance
FOR EACH ROW
BEGIN
    UPDATE Events
    SET current_attendees = current_attendees + 1
    WHERE event_id = NEW.event_id; 
END $$
DELIMITER ;
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Figure 6: The current_attendees count automatically updates after a successful registration.

[bookmark: _Toc219317891]ACID Transactions and Error Handling
To prevent invalid data states, such as a student registering for the same event twice, I encapsulated the registration logic within a database transaction in the RegisterStudentForEvent stored procedure.
This implementation ensures the system adheres to the ACID properties (Atomicity, Consistency, Isolation, Durability). Specifically, I focused on Atomicity, which treats a transaction as a single, indivisible unit of work; either all operations succeed, or none do [2].
To enforce this practically, I utilised a DECLARE EXIT HANDLER. As shown in the code snippet below, if an SQL exception occurs (such as a unique constraint violation), the handler intercepts the error and executes a ROLLBACK command. This instantly reverts any partial changes made during the failed attempt, ensuring the database remains in a consistent state rather than containing incomplete or "dirty" data.
	DELIMITER $$
CREATE PROCEDURE RegisterStudentForEvent(
    IN p_student_id INT, 
    IN p_event_id INT
)
BEGIN
    
    DECLARE EXIT HANDLER FOR SQLEXCEPTION
    BEGIN
        ROLLBACK;
        SELECT 'Transaction Failed: Rolled Back' AS Status;
    END;

    START TRANSACTION;

    INSERT INTO Event_Attendance (student_id, event_id, signup_datetime)
    VALUES (p_student_id, p_event_id, NOW());

    COMMIT;
    SELECT 'Transaction Successful: Committed' AS Status;
END $$
DELIMITER ;




[bookmark: _Toc219317892]Validation of Transaction Rollback
To verify data integrity, I tested by attempting to register a student for an event they were already scheduled to attend. As shown in Figure 7, the system correctly flagged this action as a Unique Constraint violation.
Upon detecting the conflict, the Exit Handler immediately executed a ROLLBACK command to revert the transaction, preventing data corruption. Additionally, the system returned a custom error message to the user. This test confirms that the logic effectively blocks duplicate entries while providing clear feedback to the user, ensuring the database remains consistent.
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Figure 7: System demonstrating a Rollback operation after detecting a duplicate entry.
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As the volume of data within a database grows, query response times can degrade significantly if the system is not optimised. To address this potential bottleneck, I analysed the performance of high-frequency queries, specifically those searching for students by last_name.
Initially, executing this search triggered a Full Table Scan. This meant the database engine had to inspect every single row in the Students table to find matches. While acceptable for small datasets, this approach is highly inefficient for larger tables, as the time taken to retrieve results increases linearly with the number of records.
[bookmark: _Toc219317895]Implementation of Indexing
To optimise query execution, I created a Non-Clustered Index on the last_name column of the Students table.
This structure allows the database engine to efficiently locate specific records without scanning the entire dataset. Conceptually, this works exactly like the index at the back of a textbook; it enables the system to jump directly to the relevant data pages rather than reading every row in the table.
	CREATE INDEX idx_student_lastname ON Students(last_name);





[bookmark: _Toc219317896]Optimisation Results
I verified the performance improvement using the MySQL EXPLAIN command, which allows developers to inspect the query execution plan.
· Before Indexing: The execution plan indicated a "Full Table Scan," confirming that the engine was forced to read every row in the table to retrieve the data.
· After Indexing: The output showed that the query successfully utilised the new idx_student_lastname index, allowing the database to pinpoint the relevant records without scanning the entire table.
The analysis confirmed a significant reduction in query execution costs. However, I applied this index selectively. While indexing dramatically improves read performance (SELECT), it introduces overhead for write operations (INSERT, UPDATE) and increases storage requirements, so it should be used only on frequently searched columns [1].
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Figure 8: EXPLAIN output confirming the usage of 'idx_student_lastname' for the query.
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Conclusion and Reflection
This project set out to replace the Students' Union's reliance on manual processes with a robust digital solution. The final system meets the technical requirements by utilising a normalised schema (up to 3NF). This design choice successfully minimised data redundancy while establishing clear, reliable relationships between students and clubs through strict Foreign Key enforcement.
Beyond the core structure, implementing advanced SQL features significantly enhanced the system's security and usability. While learning to implement Stored Procedures presented an initial challenge, the result was a secure abstraction layer that centralises data access logic. Additionally, the use of Triggers to automate attendance tracking proved to be a major efficiency gain, removing the need for manual updates and reducing the risk of human error.
To guarantee data integrity, I prioritised ACID compliance in key transactions, ensuring that issues such as duplicate registrations are handled gracefully without corrupting the database. Finally, considering the potential for future data growth, I implemented strategic indexing. This optimisation ensures the system remains scalable, balancing immediate performance against long-term storage needs. In conclusion, the solution provides a solid platform that resolves the Students' Union's current data management issues while laying a stable foundation for future expansion.
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