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[bookmark: _Toc216693600]INTRODUCTION
The scenario outlines the challenges faced by a University Students' Union in managing its wide array of student clubs and societies. Currently, operations rely on fragmented, paper-based records and isolated spreadsheets, which severely hinder the efficient tracking of memberships, event organization, communication, and engagement evaluation.
The Union seeks a structured relational database solution to centralize all club operations. This project is significant because it requires designing a system that ensures data integrity and minimizes redundancy while providing efficient storage and retrieval. The database must specifically support core functional requirements, including maintaining club details, tracking student memberships , recording events and attendance, and archiving official communications. Successfully implementing this system will be critical for improving the Union's operational efficiency and enhancing overall student involvement.
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[bookmark: _Toc216693602]Database Design
The database design phase focused on creating a structured and reliable data model for the Campus Club Management System. This stage aimed to identify the core entities required by the system, define their attributes, and establish appropriate relationships based on the scenario provided. The design ensured data integrity, reduced redundancy, and supported efficient data management [1].


Identification of Entities and Attributes
Based on the analysis of the case study, six main entities were identified: Student, Club, Membership, Event, Participation, and Communication. These entities represented the main components involved in managing student clubs, memberships, events, and communications.
The Student entity stored information related to individual students. It included attributes such as StudentID, which acted as the primary key, along with the student’s name and phone number. This table allowed the system to uniquely identify each student and store basic contact information.
The Club entity stored information about student clubs within the university. Each club was uniquely identified using ClubID as the primary key and included attributes such as the club name. This entity allowed the system to maintain records of all active clubs.
The Membership entity was used to manage the relationship between students and clubs. Since a student could join multiple clubs and a club could have many students, this represented a many-to-many relationship. The Membership table included MembershipID as the primary key, along with StudentID and ClubID as foreign keys and a joining date attribute. This structure ensured that each membership record was uniquely identified and properly linked to both a student and a club.
The Event entity represented activities organised by clubs, such as meetings or workshops. It included attributes such as EventID as the primary key, ClubID as a foreign key, and additional attributes including title, date, and location. Each event was associated with a single club, allowing clear tracking of which club organised each event.
The Participation entity recorded student attendance at events. This entity resolved the many-to-many relationship between students and events. It included ParticipationID as the primary key, along with StudentID and EventID as foreign keys. This design allowed the system to track which students attended specific events.
The Communication entity stored official messages and announcements sent by clubs. It included MessageID as the primary key, ClubID as a foreign key, and StudentID as an optional attribute. This design allowed communications to be sent either to individual students or as general announcements to all members.


Relationships Between Entities
The relationships between entities were defined to reflect real-world interactions within the campus environment. A student could be a member of multiple clubs, and each club could have multiple student members. This many-to-many relationship was implemented through the Membership entity using foreign key constraints.
Each club could organise multiple events, resulting in a one-to-many relationship between Club and Event. This ensured that all events were clearly associated with a single organising club.
Students could participate in multiple events, and events could have multiple participants. This many-to-many relationship was implemented through the Participation entity, which linked students and events using foreign keys.
Clubs could also send multiple communications, creating a one-to-many relationship between Club and Communication. In some cases, communications were linked to specific students, while in other cases they were general announcements.
Entity Relationship Diagram (ERD)
An Entity Relationship Diagram (ERD) was created to visually represent the database structure [2]. The ERD illustrated all entities, their attributes, primary keys, foreign keys, and the relationships between them. One-to-many and many-to-many relationships were clearly shown to ensure that the design accurately reflected the system requirements.
Normalization
The database design was normalised to Third Normal Form (3NF). All attributes were atomic, each table had a clearly defined primary key, and transitive dependencies were eliminated. Many-to-many relationships were resolved using separate tables, reducing redundancy and improving data integrity [3].
Design Summary
Overall, the database design provided a clear and efficient structure for managing campus clubs, student memberships, events, participation, and communications. The ERD and normalization ensured that the database was scalable, consistent, and ready for implementation.
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Sample Data Insertion
After the database tables were created, realistic sample data was inserted to simulate normal operation of the Campus Club Management System. This step was important because it allowed the database to be tested using data that looked similar to a real university environment. The inserted records represented students, clubs, memberships, events, participation, and communications.
The data was created to reflect the main requirements from the scenario. Students were added with basic contact information. Clubs were added so the system could store active societies and groups. Membership records were then inserted to show that a student could join more than one club and that each club could have many members. Events were inserted for different clubs, using simple details such as title, date, and location. Participation records were inserted to show which students attended which events. Finally, communication records were inserted to store announcements sent by clubs. Some messages were linked to a specific student, and some were treated as general announcements.
Overall, sample data insertion prepared the database for the next steps, such as validation queries, stored procedure testing, auditing, and performance tuning. It also provided clear evidence that the tables and relationships could store meaningful information without breaking referential integrity.
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Design Validation Using Sample Data
After inserting the sample data, the database design was validated using a set of SELECT queries with JOIN operations. The purpose of this step was to confirm that the relationships defined in the ERD were correctly implemented and that the data could be retrieved in a meaningful way.
First, the relationship between Student, Membership, and Club was tested. The results showed that a student could be a member of multiple clubs and that each club could contain multiple students. This confirmed the many to many relationship between Student and Club, implemented through the Membership table.
Next, the relationship between Club and Event was validated. The queries demonstrated that each event was associated with exactly one club, while each club could organise multiple events. This confirmed the one to many relationship between Club and Event.
The relationship between Student and Event was then tested using the Participation table. The results showed that students could attend multiple events and that each event could have multiple participants. This confirmed that the many to many relationship between Student and Event was correctly implemented.
Finally, the Communication table was validated to confirm that messages were linked to clubs and, where applicable, to individual students. The results showed both general announcements and direct messages, matching the system requirements.
Overall, the validation queries confirmed that the database design supported all required relationships and that the data integrity was preserved.
Picture below represents the validation queries demonstrating correct table relashionships .
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Stored procedures with transaction handling 
Stored procedures were used in the database to simplify and control how data operations were performed. Instead of executing SQL commands manually each time, key actions such as updating records were handled through predefined procedures. This approach helped standardise database interactions and reduced the possibility of incorrect queries being executed.
Each stored procedure included transaction control to ensure safe data processing. A transaction was started before any changes were made to the database. If the procedure completed without errors, the transaction was committed and the changes were saved. However, if an error occurred during execution, the transaction was rolled back to prevent incomplete or incorrect data from being stored [4].
Exception handling was added to detect SQL errors and handle them appropriately. For instance, when an attempt was made to update a student record that did not exist, the procedure triggered a rollback and returned an error message. This confirmed that the database rejected invalid operations and preserved its consistency.
The procedures were tested using different scenarios. Successful procedure calls showed that valid updates were committed correctly. Failed procedure calls demonstrated that rollback operations worked as intended. The results were verified by querying the database after each test to confirm whether data changes were applied or discarded.
In summary, the use of stored procedures improved reliability and consistency within the database. Transaction handling ensured that only valid operations affected the data, making the system more robust and suitable for managing critical information in the Campus Club Management System.
The pictures below represents the stored procedure creation and execution with commit and rollback.
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Triggers and Auditing 
Triggers were implemented in the database to automatically record changes made to important tables without requiring manual intervention. The main purpose of the auditing mechanism was to track data modifications and provide accountability for updates performed on the system. This approach ensured that all critical changes were logged in a consistent and reliable manner [5].
An audit table named AuditLog was created to store information about database changes. This table recorded the name of the affected table, the type of operation performed, the identifier of the modified record, and the date and time when the change occurred. By storing this information, the system was able to maintain a clear history of updates for future reference or audit purposes.
A database trigger was defined on the Student table and was configured to execute automatically after an update operation. Each time a student record was modified, the trigger inserted a new entry into the AuditLog table. This ensured that updates were captured even if they were performed through stored procedures or direct SQL commands.
The trigger was tested by updating student records in the database. After executing the update operation, the audit log was queried and confirmed that new audit entries were created automatically. This demonstrated that the trigger functioned correctly and that no manual logging was required.
Overall, the use of triggers for auditing improved data transparency and supported system monitoring. This mechanism enhanced data integrity and provided a reliable method for tracking changes within the Campus Club Management System.

Audit log entries can be seen in the figure below and it’s generated automatically by database trigger .
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Transactional scenario using stored procedures 
A transactional scenario was designed to demonstrate how multiple related database operations could be executed as a single unit of work. The scenario focused on ensuring that all operations were completed successfully before changes were committed to the database. If any step failed, the entire transaction was rolled back to preserve data consistency.
In this scenario, a stored procedure was used to register a student for a club by inserting a membership record. The procedure first verified that the student and club existed and that the membership did not already exist. Only when all validation checks passed was the membership record inserted and the transaction committed.
The scenario was tested using both valid and invalid inputs. When valid data was provided, the transaction completed successfully and the new membership was saved. When invalid data was used, such as attempting to create a duplicate membership, the transaction was rolled back and no changes were applied. This confirmed that rollback logic worked correctly.
This transactional approach ensured reliable execution of dependent operations and protected the database from partial updates. It demonstrated how stored procedures and transactions can be combined to enforce business rules and maintain data integrity.
Transactional scenario demonstrating commit and rollback :
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Performance Tuning Enhacement
To improve database performance, secondary indexes were created on columns that are frequently used in search conditions and join operations. Indexing was applied after the database structure and sample data were finalised, ensuring that optimisation focused on realistic usage scenarios.
Indexes were created on foreign key columns such as StudentID, ClubID, and EventID. These columns are commonly used in JOIN operations when retrieving information about memberships, event participation, and communications. By indexing these attributes, the database was able to locate related records more efficiently without performing full table scans [6].
Additional indexes were also applied to tables where filtering and lookup operations are expected to occur regularly. For example, indexing the Membership table improved performance when checking whether a student was already registered with a specific club. This optimisation was particularly important for transactional procedures that relied on validation queries before committing changes.
The effectiveness of indexing was evaluated by running validation queries before and after index creation. While performance differences were minimal due to the small dataset size, the indexing strategy reflected best practice for larger datasets. In a real-world environment with thousands of records, these indexes would significantly reduce query execution time.
Overall, the indexing strategy improved query efficiency and supported scalable system performance. By targeting frequently accessed columns, the database design ensured faster data retrieval and enhanced responsiveness for the Campus Club Management System.
Indexes created to optimise performance can be seen below :
[image: A screenshot of a computer program

AI-generated content may be incorrect.]



[bookmark: _Toc216693604]Literature Support for Design and Implementation Choices
The design and implementation of the Campus Club Management System were guided by established principles of relational database design and management. These principles focus on structuring data in a way that ensures accuracy, consistency, and efficient access. Applying these concepts helped create a database that met the functional requirements of the system while remaining scalable and easy to maintain [7].
The use of an Entity Relationship Diagram played an important role during the early stages of database design. ER diagrams are commonly used to visually represent entities, their attributes, and the relationships between them. This approach made it easier to identify core components such as students, clubs, memberships, events, participation, and communications. By defining these relationships before implementation, the risk of structural errors was reduced and the overall design process became more systematic.
Normalization was another key concept applied in this project. The database was normalised to Third Normal Form to remove unnecessary duplication of data and to prevent update anomalies. By separating related data into distinct tables, such as using a Membership table to manage student and club relationships, the design ensured that each piece of information was stored only once. This improved data integrity and simplified future updates to the system [8].
Transaction management was essential for maintaining consistency during database operations. Transactions were used to group multiple related operations into a single unit of work. Commit and rollback mechanisms ensured that changes were only saved when all steps of an operation were completed successfully. If an error occurred, the rollback operation prevented partial data updates from being applied. This approach was particularly important for operations involving multiple tables, such as registering students for clubs [9].
Stored procedures were implemented to centralise database logic and control how data modifications were performed. By using stored procedures, repetitive SQL operations could be reused in a consistent way. This also reduced the risk of incorrect or unauthorised data manipulation. Including transaction handling within stored procedures further improved reliability by ensuring that database changes followed defined business rules.
Triggers were used to support auditing requirements within the system. Auditing is an important aspect of database management, especially when tracking changes to sensitive or frequently updated data. The trigger implemented in this system automatically recorded updates to student records in an audit log. This ensured that changes were captured consistently without relying on manual input, improving accountability and transparency [10].
Performance considerations were addressed through the use of indexing. Indexes were created on columns that were frequently used in join operations and search conditions, such as foreign key attributes. Indexing improved query efficiency by reducing the need for full table scans. Although the dataset used for testing was relatively small, the indexing strategy followed best practice and would provide significant performance benefits in a larger, real-world environment [11].
Overall, the design and implementation choices made in this project aligned with widely accepted database management principles. By applying structured design techniques, enforcing data integrity, and considering performance and auditing requirements, the system achieved a balanced and robust solution. These decisions contributed to a reliable database architecture capable of supporting the operational needs of the Campus Club Management System.
[bookmark: _Toc216693605]Conclusion and reflections
This project focused on the design and implementation of a relational database system to support the management of student clubs and societies within a university environment. The Campus Club Management System successfully addressed the challenges outlined in the case study by providing a structured and integrated solution for managing clubs, memberships, events, participation, and communications.
The database design process began with identifying key entities and relationships based on system requirements. Creating an Entity Relationship Diagram helped visualise these relationships and ensured that the database structure was logical and well organised. Normalising the database to Third Normal Form reduced redundancy and improved data integrity, making the system easier to maintain and extend.
During the implementation phase, realistic sample data was inserted to simulate real-world usage. Validation queries were used to confirm that relationships between tables were correctly implemented. Stored procedures with transaction handling were created to demonstrate safe data manipulation using commit and rollback operations. These procedures ensured that the database remained consistent even when errors occurred.
Triggers were implemented to provide an automated auditing mechanism. This feature allowed the system to track updates without relying on manual logging, improving transparency and accountability. In addition, a transactional scenario was designed to demonstrate how multiple operations could be executed as a single unit of work. This further reinforced the importance of transaction control in maintaining data integrity.
Performance considerations were also addressed through indexing. By identifying frequently used queries and applying indexes to key columns, the database was optimised for efficient data retrieval. Although the dataset was small, this approach reflected best practices for larger and more complex systems.
One of the main challenges encountered during the project was ensuring logical consistency between test data and relationships. This was resolved through careful validation and correction of data assignments. Overall, the project improved understanding of relational database design, transaction management, and performance optimisation.
In conclusion, the final solution met all functional requirements of the case study. The system provided a robust foundation for managing campus club operations and demonstrated the practical application of database theory in a real-world context. Future improvements could include a user interface layer and enhanced reporting features.
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[bookmark: _Toc216693607]Game Catalogue Website
The website developed for Part B was an information-based catalogue of computer games owned by a student. The main purpose of this website was to store, display, and manage details about computer games using a database-driven approach. The site retrieved data dynamically from a MySQL database and displayed it on web pages using PHP, which demonstrated the practical use of back-end programming skills gained during the module [12].
The website allowed users to view a list of computer games along with key details such as title, genre, platform, and release year. Each game could also be viewed individually on a separate details page. This made the information easy to browse and clearly structured. The content of the website was entirely informational, and no shopping basket or purchasing functionality was included, in line with the module requirements.
An administrator section was also implemented to manage the catalogue. Through this section, an authorised user could add new games, edit existing records, and delete games from the database. These features demonstrated full CRUD functionality. Access to the admin area was protected by a login system to prevent unauthorised users from modifying data.
In addition, the website included a search feature that allowed users to filter games based on different criteria. This improved usability and demonstrated how database queries could be adapted to user input. Overall, the website provided a simple but effective example of a database-driven application that combined PHP, MySQL, and basic security principles.
[bookmark: _Toc216693608]Development Process
The website was developed and tested using a local server environment provided as part of the module. This environment included an Apache web server and a MySQL database server, which were accessed through their respective server consoles. All project files were stored in a dedicated directory within the server’s web root on the local machine. The website was built using PHP, SQL, HTML, and CSS, following the same structure and workflow used during practical lab sessions. This setup allowed the application to be tested locally and ensured consistent behaviour during development and demonstration.
[bookmark: _Toc216693609]Database Design for the Website
The database for the computer games catalogue was designed using a relational approach to store data efficiently and avoid unnecessary duplication. The design focused on maintaining data integrity and supporting easy data retrieval. Multiple tables were used and linked through primary and foreign keys to ensure proper normalisation.
A Platform table was created to store information about gaming platforms such as PC, PlayStation, and Xbox. Each platform was identified by a unique primary key. A separate Genre table was used to store game genres, including categories such as action, role-playing, and strategy. Separating this data prevented repeated platform and genre values from being stored within the main game records.
The Game table stored information about individual computer games, including the title, release year, and references to the related platform and genre. Foreign keys were used to link each game to valid entries in the Platform and Genre tables. This structure represented one-to-many relationships, where a single platform or genre could be associated with multiple games.
The database design followed Third Normal Form principles. All fields contained atomic values, each table had a clearly defined primary key, and non-key attributes depended only on the primary key. This approach reduced redundancy and made the database easier to maintain and extend.
[bookmark: _Toc216693610]Database Connection
PHP was used to connect the website to the MySQL database and retrieve data dynamically. A dedicated database connection file was created and included across multiple pages to provide consistent access to the database. This reduced repetition and simplified connection management.
After establishing the connection, SQL queries were executed to retrieve information from multiple tables. The main catalogue page displayed a list of games by combining data from related tables using join operations. This allowed platform and genre names to be displayed alongside each game without duplicating data.
Dynamic content was generated based on query results and displayed within HTML structures. When records were added, updated, or deleted, the changes were immediately reflected on the website. Individual game detail pages were also implemented, retrieving a single record based on an identifier passed through the URL. This demonstrated how PHP and MySQL could be used together to generate dynamic web pages.
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A search feature was implemented to allow users to locate games quickly within the catalogue. Users were able to search by game title and apply filters based on platform and genre. This improved usability and reduced the need to browse through all records manually.
When a search was performed, matching results were retrieved from the database and displayed clearly. Each result included key details such as title, platform, genre, and release year. If no results were found, the website displayed an appropriate message to inform the user. This functionality demonstrated how user input could be processed and used to build flexible database queries.
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The website included full CRUD functionality to allow an administrator to manage the games catalogue. These operations included adding new games, viewing existing records, editing game details, and deleting records when required. Access to these features was restricted to the administrative area of the website.
New games could be added through a form that collected relevant information such as title, platform, genre, and release year. Existing records could be updated to reflect changes, and games that were no longer needed could be removed from the database. Input validation was applied to ensure required fields were completed and that data values were appropriate. This section demonstrated practical data management using PHP and MySQL [13].
[bookmark: _Toc216693613]Security Measures
Basic security measures were implemented to protect the database and its data. Access to the admin area was controlled through a login system, ensuring that only authorised users could perform create, update, or delete operations. Session handling was used to maintain authentication once the user logged in.
Server-side validation was applied to user input to reduce the risk of invalid data being submitted. In addition, prepared statements were used for database queries to protect against SQL injection attacks. By separating SQL logic from user input, this approach ensured that input values were treated as data only. These measures helped protect the integrity of the database and followed best practices suitable for the scope of this project.
[bookmark: _Toc216693614]SQL Injection Overview and Prevention
SQL injection was a security vulnerability that happened when a website used user input directly inside an SQL query [14]. In this situation, the database could interpret the user input as part of the SQL command instead of plain data. This was a problem because an attacker could change the logic of the query and access data or functions that should not have been available. SQL injection could lead to unauthorised access, data theft, data deletion, or changes to important records. It was especially serious for login systems because a successful injection could allow a user to bypass authentication.
In this project, SQL injection was demonstrated using a separate test page called login_vulnerable.php. This page was created only for testing, and it used a vulnerable query where the username and password inputs were concatenated directly into the SQL statement. Because the query was built using raw input, it was possible to inject extra SQL logic into the username field. For example, a payload such as admin' OR '1'='1' # changed the WHERE condition into an always-true statement. The comment symbol was used to ignore the rest of the query, including the password check. When this input was submitted, the page returned a successful login result, showing that authentication could be bypassed.
The vulnerable code was then compared with the secure login implementation used in the real website (login.php). The secure version used prepared statements, which separated the SQL query structure from the user-provided values. Placeholders were used in the query, and the input values were bound to the statement before execution. This meant that the database treated the input as data only, so any injected characters were not executed as SQL commands. When the same injection payload was tested on the secure login page, it failed and returned an invalid login message. This confirmed that prepared statements successfully prevented SQL injection in the authentication process [15].
The testing also helped identify where SQL injection risks normally appear in database-driven websites. Any page that accepted user input and used it to build an SQL query could be a target if the input was not handled safely. In this project, search and admin forms were also reviewed to ensure they did not concatenate user input into SQL commands. Prepared statements were used consistently for database operations where user input was involved. Basic validation was also applied to ensure required fields were filled in and that numeric inputs were treated as integers. While validation alone was not enough to stop SQL injection, it helped reduce bad input and supported safer data handling.
Overall, the project showed that SQL injection was a real and practical risk when queries were written in an unsafe way. By demonstrating a successful attack on a vulnerable page and then showing the same attack failing on the secured page, the website provided clear evidence of both the problem and the solution. The main defence used was prepared statements, which were effective because they prevented user input from being executed as part of SQL logic. This improved the security of the website and protected the database from common injection attacks.
Username and password : admin – admin123
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[bookmark: _Toc216693615]Conclusion
The database-driven website developed for Part B successfully demonstrated the use of PHP and MySQL to create dynamic web content. The project included a normalised database structure, search functionality, full CRUD operations, and basic security measures. A practical example of SQL injection was also identified and resolved using prepared statements, highlighting the importance of secure coding practices. Overall, the website met the module requirements and provided a clear demonstration of database interaction, data management, and web security concepts in a practical context.
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Assessment MySQL.txt
CREATE TABLE Student (

    StudentID INT AUTO_INCREMENT PRIMARY KEY,

    Name VARCHAR(100) NOT NULL,

    PhoneNumber VARCHAR(20) NOT NULL

) ENGINE=InnoDB;



CREATE TABLE Club (

    ClubID INT AUTO_INCREMENT PRIMARY KEY,

    ClubName VARCHAR(120) NOT NULL UNIQUE

) ENGINE=InnoDB;



CREATE TABLE Membership (

    MembershipID INT AUTO_INCREMENT PRIMARY KEY,

    StudentID INT NOT NULL,

    ClubID INT NOT NULL,

    JoiningDate DATE NOT NULL,

    CONSTRAINT fk_membership_student FOREIGN KEY (StudentID)

        REFERENCES Student(StudentID)

        ON DELETE CASCADE ON UPDATE CASCADE,

    CONSTRAINT fk_membership_club FOREIGN KEY (ClubID)

        REFERENCES Club(ClubID)

        ON DELETE CASCADE ON UPDATE CASCADE,

    CONSTRAINT uq_membership UNIQUE (StudentID, ClubID)

) ENGINE=InnoDB;



CREATE TABLE Event (

    EventID INT AUTO_INCREMENT PRIMARY KEY,

    ClubID INT NOT NULL,

    Title VARCHAR(120) NOT NULL,

    `Date` DATETIME NOT NULL,

    Location VARCHAR(120) NOT NULL,

    CONSTRAINT fk_event_club FOREIGN KEY (ClubID)

        REFERENCES Club(ClubID)

        ON DELETE CASCADE ON UPDATE CASCADE

) ENGINE=InnoDB;



CREATE TABLE Participation (

    ParticipationID INT AUTO_INCREMENT PRIMARY KEY,

    StudentID INT NOT NULL,

    EventID INT NOT NULL,

    CONSTRAINT fk_part_student FOREIGN KEY (StudentID)

        REFERENCES Student(StudentID)

        ON DELETE CASCADE ON UPDATE CASCADE,

    CONSTRAINT fk_part_event FOREIGN KEY (EventID)

        REFERENCES Event(EventID)

        ON DELETE CASCADE ON UPDATE CASCADE,

    CONSTRAINT uq_part UNIQUE (StudentID, EventID)

) ENGINE=InnoDB;



CREATE TABLE Communication (

    MessageID INT AUTO_INCREMENT PRIMARY KEY,

    ClubID INT NOT NULL,

    StudentID INT NULL,

    Message TEXT NOT NULL,

    CONSTRAINT fk_comm_club FOREIGN KEY (ClubID)

        REFERENCES Club(ClubID)

        ON DELETE CASCADE ON UPDATE CASCADE,

    CONSTRAINT fk_comm_student FOREIGN KEY (StudentID)

        REFERENCES Student(StudentID)

        ON DELETE SET NULL ON UPDATE CASCADE

) ENGINE=InnoDB;



-- Audit table

CREATE TABLE AuditLog (

    AuditID INT AUTO_INCREMENT PRIMARY KEY,

    TableName VARCHAR(50) NOT NULL,

    OperationType VARCHAR(10) NOT NULL,

    RecordID INT NOT NULL,

    ChangeDate DATETIME NOT NULL DEFAULT CURRENT_TIMESTAMP

) ENGINE=InnoDB;



-- ===========================

-- 2) INDEXES (Performance)

-- ===========================



CREATE INDEX idx_membership_student ON Membership(StudentID);

CREATE INDEX idx_membership_club ON Membership(ClubID);

CREATE INDEX idx_event_club ON Event(ClubID);

CREATE INDEX idx_part_student ON Participation(StudentID);

CREATE INDEX idx_part_event ON Participation(EventID);

CREATE INDEX idx_comm_club ON Communication(ClubID);

CREATE INDEX idx_comm_student ON Communication(StudentID);



-- ===========================

-- 3) TRIGGER (Auditing)

-- ===========================



DELIMITER $$



CREATE TRIGGER trg_student_update_audit

AFTER UPDATE ON Student

FOR EACH ROW

BEGIN

    INSERT INTO AuditLog (TableName, OperationType, RecordID)

    VALUES ('Student','UPDATE', NEW.StudentID);

END$$



DELIMITER ;



-- ===========================

-- 4) SAMPLE DATA (MATCHES YOUR PRINTS)

-- ===========================



INSERT INTO Student (Name, PhoneNumber) VALUES

('Lionel Messi','07575422345'),

('Cristiano Ronaldo','07662345982'),

('Pep Guardiola','07794367876'),

('Luka Modric','07442295865'),

('Frank Lampard','07932456982'),

('Steven Gerrard','0755679082'),

('Wayne Rooney','07899456892'),

('Ronaldinho Gaucho','07523466789'),

('Zinedine Zidane','07723099153'),

('Roberto Carlos','07422289546'),

('John Terry','07902144782'),

('Van der Sarr','079924553690');



INSERT INTO Club (ClubName) VALUES

('Computer Science'),

('Football Club'),

('Math Club'),

('Chess Club'),

('Photography Club'),

('Cricket Club');



INSERT INTO Membership (StudentID, ClubID, JoiningDate) VALUES

(1,1,'2024-09-20'),

(1,4,'2024-10-02'),

(2,1,'2024-09-22'),

(2,3,'2024-10-05'),

(3,2,'2024-09-25'),

(3,5,'2024-10-01'),

(4,3,'2024-09-28'),

(5,2,'2024-09-29'),

(6,4,'2024-10-03'),

(7,1,'2024-10-04'),

(8,5,'2024-10-06'),

(9,3,'2024-10-07'),

(10,2,'2024-10-08');



INSERT INTO Event (ClubID, Title, `Date`, Location) VALUES

(1,'Introduction to Programming Session','2024-10-15 17:00:00','Room 10'),

(2,'Football Training Event','2024-10-22 18:00:00','Football Pitch'),

(3,'Fast Calculation Event','2024-10-16 16:00:00','Room 3'),

(5,'Nature Photography Event','2024-10-21 15:00:00','Photography Lab'),

(6,'Cricket Training Event','2024-10-23 17:00:00','Campus Cricket Pitch'),

(4,'Monthly Chess Event','2024-10-30 18:00:00','Chess Room 4');



INSERT INTO Participation (StudentID, EventID) VALUES

(1,5),

(6,5),

(5,3),

(3,3),

(7,2),

(2,1),

(1,1),

(3,6),

(8,6),

(2,4),

(4,4);



INSERT INTO Communication (ClubID, StudentID, Message) VALUES

(1,NULL,'The Computer Science Society will hold an Introduction to Programming Session on 15 October at 17:00 in Room 10.'),

(2,NULL,'Football Club members are reminded about the upcoming football training session.'),

(3,2,'Your registration for the Cultural Night event has been successfully confirmed.'),

(5,NULL,'The Photography Club will organise a photo walk starting from the campus gate.'),

(4,8,'Please prepare your discussion topic for the next Chess Club meeting.');



-- ===========================

-- 5) STORED PROCEDURES (CRUD + TRANSACTIONS)

-- ===========================



DELIMITER $$



-- CREATE (Insert) Student

CREATE PROCEDURE sp_add_student(

    IN p_name VARCHAR(100),

    IN p_phone VARCHAR(20)

)

BEGIN

    DECLARE EXIT HANDLER FOR SQLEXCEPTION

    BEGIN

        ROLLBACK;

        SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Insert failed';

    END;



    START TRANSACTION;



    INSERT INTO Student (Name, PhoneNumber)

    VALUES (p_name, p_phone);



    COMMIT;

END$$



-- UPDATE Student (with not found check)

CREATE PROCEDURE sp_update_student(

    IN p_student_id INT,

    IN p_name VARCHAR(100),

    IN p_phone VARCHAR(20)

)

BEGIN

    DECLARE EXIT HANDLER FOR SQLEXCEPTION

    BEGIN

        ROLLBACK;

        SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Update failed';

    END;



    START TRANSACTION;



    UPDATE Student

    SET Name = p_name,

        PhoneNumber = p_phone

    WHERE StudentID = p_student_id;



    IF ROW_COUNT() = 0 THEN

        ROLLBACK;

        SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Student not found';

    END IF;



    COMMIT;

END$$



-- DELETE Student

CREATE PROCEDURE sp_delete_student(

    IN p_student_id INT

)

BEGIN

    DECLARE EXIT HANDLER FOR SQLEXCEPTION

    BEGIN

        ROLLBACK;

        SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Delete failed';

    END;



    START TRANSACTION;



    DELETE FROM Student WHERE StudentID = p_student_id;



    IF ROW_COUNT() = 0 THEN

        ROLLBACK;

        SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Student not found';

    END IF;



    COMMIT;

END$$



-- Transaction scenario: Register membership (rollback if duplicate)

CREATE PROCEDURE sp_register_membership(

    IN p_student_id INT,

    IN p_club_id INT,

    IN p_joining_date DATE

)

BEGIN

    DECLARE v_count INT DEFAULT 0;



    DECLARE EXIT HANDLER FOR SQLEXCEPTION

    BEGIN

        ROLLBACK;

        SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Transaction failed';

    END;



    START TRANSACTION;



    SELECT COUNT(*) INTO v_count

    FROM Membership

    WHERE StudentID = p_student_id AND ClubID = p_club_id;



    IF v_count > 0 THEN

        ROLLBACK;

        SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Membership already exists';

    END IF;



    INSERT INTO Membership (StudentID, ClubID, JoiningDate)

    VALUES (p_student_id, p_club_id, p_joining_date);



    COMMIT;

END$$



DELIMITER ;



-- ===========================

-- 6) VALIDATION QUERIES (for your screenshots)

-- ===========================



-- A) Students and their clubs

SELECT s.Name AS StudentName, c.ClubName

FROM Student s

JOIN Membership m ON s.StudentID = m.StudentID

JOIN Club c ON m.ClubID = c.ClubID

ORDER BY s.Name;



-- B) Clubs and their events

SELECT c.ClubName, e.Title, e.`Date`, e.Location

FROM Club c

JOIN Event e ON c.ClubID = e.ClubID

ORDER BY c.ClubName, e.`Date`;



-- C) Students and events participated

SELECT s.Name AS StudentName, e.Title AS EventTitle

FROM Student s

JOIN Participation p ON s.StudentID = p.StudentID

JOIN Event e ON p.EventID = e.EventID

ORDER BY e.Title, s.Name;



-- ===========================

-- 7) PROCEDURE TESTS (success and failure)

-- ===========================



-- Success update

CALL sp_update_student(1, 'Lionel Messi', '07575422345');



-- Failure update (rollback + error)

-- CALL sp_update_student(9999, 'No One', '0700000000');



-- Success membership insert

-- CALL sp_register_membership(3, 6, '2024-11-05');



-- Failure membership duplicate (rollback + error)

-- CALL sp_register_membership(1, 1, '2024-11-05');



-- Trigger test (creates entry in AuditLog)

UPDATE Student SET PhoneNumber = '0711111111' WHERE StudentID = 2;

SELECT * FROM AuditLog;
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mysql> select * from Student
il

| StudentID | Name | PhoneNumber
+
| 1 | Lionel Messi | 075754223u5
| 2 | Cristiano Ronado | ©76623u5982
| 3 | Pep Guardiola | 0779u367876
| 4 | Luka Modric | 07442295865
| 5 | Frank Lampard | 07932456982
| 6 | Steven Gerrard | 0755679082
| 7 | Wayne Rooney | 07899u56892
| 8 | Ronaldinho Gaucho | ©7523u66789
| 9 | Zinedine Zidane | ©7723099153
| 10 | Roberto Carlos | 074222895u6
| 11 | John Terry | 07902144782
| 12 | Van der Sarr | 879924553690
4 -+

12 rows in set (0.00 sec)

mysql> select * from Club
S

| ClubID | ClubName

Photography Club
Cricket Club

| 1 | Computer Science
| 2 | Football Club

| 3 | Math Club

| 4 | Chess Club

| 5

I 6

—————— i —

6 rows in set (0.00 sec)

mysql> select * from Membership
- Sl

2020-09-20
2020-10-02
2020-09-22
202U-10-05
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2020-10-01
2020-09-28
2020-09-29
202U-10-03
2020-10-04
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|
|
|
|
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|
|
|
|
|
|
|
I
+-
it

3 rows in set (0.00 sec)

| MembershipID | StudentID | ClubID | JoiningDate
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mysql> select * from Event

L+ - e +
| EventID | ClubID | Title | Date | Location |
- +
| 1] 1 | Welcome Event | 202u-10-15 17:00:00 | Room 10 |
| 2| 1 | Football Training Event | 202u-10-22 18:00:00 | Football Pitch |
| 3] 2 | Fast Calculation Event | 2024-10-16 16:00:00 | Room 3 |
| u | 4 | Nature Photography Event | 202U-10-21 15:00:00 | Photography Lab |
| 5| 2 | Cricket Training Event | 202U-10-23 17:00:00 | Campus Cricket Pitch |
| 6 | 5 | Monthly Chess Event | 202u-10-30 18:00:00 | Chess Room 4 |
L+ +

6 rows in set (0.00 sec)

Inysql> select * from Participation;
L+ + et -+
| ParticipationID | StudentID | EventID |

-
| 1] 1] 1
| 2 2| 1]
| 3 71 2
| u 31 3
| 5 51 3
| 6| 2| u
| 7 ] u
| 8| 6| 5
| 9| 1] 5
| 10 | 8| 6
I u | 31 6
- +

11 rows in set (0.00 sec)

nysql> select * from Communication;
i il

R

+
| MessageID | ClubID | StudentID | Message

+
|
+
|

Football Club members are reminded about the upcoming football training session.
|
|
I
+

| 1] 1] NULL | The Computer Science Society will hold a welcome event on 15 October at 17:00 in Room 10
| 2| 2| NULL

| 3] 3] 2 | Your registration for the Cultural Night event has been successfully confirmed

| 4| 4| NULL | The Photography Club will organise a photo walk starting from the campus gate

| 5| 5| 8 | Please prepare your discussion topic for the next Chess Club meeting

N _

+
[5 rows in set (0.00 sec)
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mysql> SELECT s.Name AS StudentName, c.ClubName
-> FROM Student s
~> JOIN Membership m ON s.StudentID = m.StudentID
-> JOIN Club c ON m.ClubID = c.ClubID
-> ORDER BY s.Name;

4+ +

StudentName | ClubName
+

Cristiano Ronado | Computer Science
Cristiano Ronado | Math Club
Frank Lampard | Football Club
Lionel Messi | Computer Science
Lionel Messi | Chess Club
Luka Modric | Math Club
Pep Guardiola | Football Club
Pep Guardiola | Photography Club
Roberto Carlos | Football Club
Ronaldinho Gaucho | Photography Club
Steven Gerrard | Chess Club
Wayne Rooney | Computer Science
Zinedine Zidane | Math Club

mm +

13 rows in set (0.00 sec)

mysql> SELECT c.ClubName, e.Title, e.'Date', e.Location
FROM Club ¢

-> JOIN Event e ON c.ClubID = e.ClubID

ORDER BY c.ClubName, e.'Date';

v

v

| ClubName | Title | Date | Location

Chess Club

Chess Room 4

Room 10
Campus_Cricket Pitch
Football Pitch

Room 3

Photography Lab

Monthly Chess Event
Introduction to Programming Session

2020-10-30 18:00:00
2020-10-15 17:00:00
2020-10-23 17:00:00
2020-10-22 18:00:00
2020-10-16 16:00:00
2020-10-21 15:00:00

Computer Science

Football Club
Math Club

Photography Club
.

6 rows in set (0.00 sec)

Football Training Event
Fast Calculation Event

|
|
Cricket Club | Cricket Training Event
|
|
| Nature Photography Event

—————— i —

mysql> SELECT s.Name AS StudentName, e.Title AS EventTitle
FROM Student s
JOIN Participation p ON s.StudentID = p.StudentID
-> JOIN Event e ON p.EventID = e.EventID
ORDER BY e.Title, s.Name;

-
| StudentName | EventTitle

v

v

v

Lionel Messi
Steven Gerrard
Frank Lampard

Pep Guardiola
Wayne Rooney
Cristiano Ronado
Lionel Messi

Pep Guardiola
Ronaldinho Gaucho
Cristiano Ronado
Luka Modric

Cricket Training Event
Cricket Training Event
Fast Calculation Event
Fast Calculation Event
Football Training Event

Introduction to Programming Session |
Introduction to Programming Session |
Monthly Chess Event

Monthly Chess Event

Nature Photography Event

Nature Photography Event
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mysql> DELIMITER $$

nysql>
Inysql> CREATE PROCEDURE sp_update_student(

= IN p_student_id INT,

— IN p_name VARCHAR(160),

- IN p_phone VARCHAR(20)

=)

-> BEGIN

- DECLARE EXIT HANDLER FOR SQLEXCEPTION

- BEGIN

- ROLLBACK;

- SIGNAL SQLSTATE 'U5000' SET MESSAGE_TEXT = 'Update failed';

- END;

-

- START TRANSACTION;

-

- UPDATE Student:

- SET Name = p_name,

- PhoneNunber = p_phone

->  WHERE StudentID = p_student_id;

-

- IF ROW_COUNT() = © THEN

- ROLLBACK;

- SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Student not found';

- END IF;

-

- COMMIT;

-> END$$

uery OK, © rows affected (0.01 sec)

nysql>
Inysql> DELIMITER ;

Imysql> CALL sp_update_student(1, 'Updated Student', '0700000000');
uery OK, © rows affected (0.01 sec)




image8.png
nysql> CALL sp_update_student(1, 'Updated Student', '07245622214');
uery OK, © rows affected (0.00 sec)

nysql> SELECT * FROM Student WHERE StudentID =
L+ + +
| StudentID | Name | PhoneNumber |

+

| 1 | Updated Student | 07205622214 |
+

—

.
1 row in set (0.00 sec)

Imysql> CALL sp_update_student(9999, 'No One', '0700000000');
[ERROR 1644 (U5000): Update failed
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mysql> SELECT * FROM Auditlo

—+

| TableName |

Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student
Student

+

OperationType | RecordID
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UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE

CENO N EWN R

10

13 rows in set (0.00 sec)

ChangeDate

2025-12-14
2025-12-14
2025-12-14
2025-12-14
2025-12-14
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2025-12-14

12:
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mysql> DELIMITER $$

nysql>
nysql> CREATE PROCEDURE sp_register_membership(

= IN p_student_id INT,

- IN p_club_id INT,

- IN p_joining_date DATE

)

-> BEGIN

- DECLARE v_count INT DEFAULT 0;

-

= DECLARE EXIT HANDLER FOR SQLEXCEPTION

- BEGIN
- ROLLBACK;

- SIGNAL SQLSTATE 'U5000' SET MESSAGE_TEXT = 'Transaction failed';
- END;

-

- START TRANSACTION;

-

-> SELECT COUNT(*) INTO v_count

- FROM Menbership

->  WHERE StudentID = p_student_id AND ClubID = p_club_id;

-

- IF v_count > O THEN

- ROLLBACK;

- SIGNAL SQLSTATE '45000' SET MESSAGE_TEXT = 'Membership already exists';
- END IF;

-

- INSERT INTO Membership (StudentID, ClubID, JoiningDate)

- VALUES (p_student_id, p_club_id, p_joining_date);

-

- COMMIT;

-> END$$

Query OK, O rows affected (0.01 sec)

nysql>
nysql> DELIMITER ;

nysql> CALL sp_register_membership(3, 6, '2024-11-05');
Query OK, 0 rows affected (0.01 sec)

nysql> SELECT * FROM Membership WHERE StudentID = 3 AND ClubID =
b ——+ 4 +

| MembershipID | StudentID | ClubID | JoiningDate |

| | 3] 6 | 202u-11-05 |

-
1 row in set (0.00 sec)

+

nysql> CALL sp_register_membership(3, 6, '2024-11-05');
ERROR 1644 (45000): Transaction failed
nysql>
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mysql> CREATE INDEX idx_membership_student ON Membership(StudentID);
uery OK, O rows affected (0.03 sec)
Records: © Duplicates: 0 Warnings: 0

Inysql> CREATE INDEX idx_membership_club ON Membership(ClubID);
uery OK, O rows affected (0.03 sec)
Records: © Duplicates: 0 Warnings: 0

nysql>
mysql> CREATE INDEX idx_participation_student ON Participation(StudentID);
uery OK, O rows affected (0.03 sec)

Records: © Duplicates: 0 Warnings: 0

Imysql> CREATE INDEX idx_participation_event ON Participation(EventID);
uery OK, O rows affected (0.03 sec)
Records: © Duplicates: 0 Warnings: 0

nysql>
Inysql> CREATE INDEX idx_event_club ON Event(ClubID);
uery OK, O rows affected (0.0U sec)

Records: © Duplicates: 0 Warnings: 0

nysql>
Inysql> CREATE INDEX idx_communication_club ON Communication(ClubID);
uery OK, O rows affected (0.03 sec)

Records: © Duplicates: 0 Warnings: 0

mysql> CREATE INDEX idx_communication_student ON Communication(StudentID);
uery OK, O rows affected (0.03 sec)
Records: © Duplicates: 0 Warnings: ©
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