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[bookmark: _Toc217743280]Introduction
The purpose of this report is to document the design and implementation of a more centralised relational database for the Student Union’s to manage student clubs and societies. Currently, club operations are handled using paper-based records and isolated spreadsheets, which is inefficient and error prone.
The report demonstrates the implementation of the database in MySQL Workbench and explores its functions, showing how the database provides a more efficient way to manage operations and support the tracking of student engagement and participation.
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(Fig.1 Entity Relationship Diagram for Club Management System)

The above image (Fig.1), shows the ERD which includes all entities, keys and attributes and relationships. The design is based off the requirements to manage clubs, student memberships, organise and record club events, track participation and record announcements sent to members.[1]

[bookmark: _Toc217743282]Students Entity
The Students entity is to store each student’s information and to track which clubs and events they are involved with. StudentID is the primary key(PK), which will make every record unique by assigning a unique number identifier. Students and Clubs have a many-to-many relationship through the Memberships table, which will allow many students to join many clubs, whilst maintaining data integrity and minimising redundancy. 

Clubs Entity
The Clubs entity is to record which clubs exist and the corresponding details about them. ClubID is the primary key(PK) to allow each club to have a unique identifier. Clubs and ClubEvents have a one-to-many relationship, as one club can organise multiple events. Creating a separate table for Clubs, will prevent data duplication within the memberships table, which will allow the database to be normalised.


Memberships Entity
The Memberships entity exists to record which students are members of which clubs, and to allow Students and Clubs to have a many-to-many relationship. Students and Memberships is one-to-many, and Clubs and Memberships is also one-to-many. MembershipID is the primary key, but also includes StudentID and ClubID as foreign keys for data referential integrity, meaning these attributes must exist for a valid membership record to be created. DateLeft was included as an attribute to record what date a membership becomes inactive from a student leaving.

ClubEvents Entity
The ClubEvents entity is to record details about events that have been organised by a club. EventID is the primary key and ClubID is the foreign key. ClubEvents and Participations has a one-to-many relationship due to one event allowing multiple participants.

Participations Entity
The Participations entity is record whether a student, after signing up, attended an event or not. ParticipationID is the primary key, with StudentID and EventID, being the foreign keys. Students and Participations have a one-to-many relationship, which allows Students and ClubEvents to have a many-to-many relationship, this is needed because multiple students are allowed to attend multiple events.

Announcements Entity
The announcements entity is to record communications that are sent, or going to be sent to members of a club. AnnouncemenID is the primary key and ClubID is the foreign key. The relationship between Clubs and Announcements is one-to-many, as one club can send multiple announcements.


The structure and relationships of this database enables it to conform to Third Normal Form(3NF). All non-key attributes are functional dependencies on the corresponding primary key, transitive dependencies are not present and it minimises data redundancy.[2]

[bookmark: _Toc217743283]Implemented Documentation
For the physical implementation of the database, MySQL workbench was used.
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(Fig.2 Screenshot showing creation of database and the Students table)
StudentID is the primary key and has been set to auto-increment an integer to make every record uniquely identifiable. FirstName, LastName and Email all have been set to “NOT NULL” as this is essential information to identify and contact each student. CourseName is left nullable for realism, as some students may not be officially assigned a course at the moment of record creation.
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(Fig.3 Screenshot of Clubs table creation)
ClubID is set as the primary key. ClubName se to “NOT NULL” for identification and data integrity. DateFounded is also set to “NOT NULL” for reporting and auditing purposes.
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(Fig.4 Screenshot showing creation of the Memberships table)
MembershipID is the primary key. StudentID and ClubID are set as foreign key constraints that are “NOT NULL” and set to delete on cascade, to maintain referential integrity. DateJoined is not nullable for record keeping and ActiveMember is Boolean with default set to “TRUE”,  due to  memberships being active when a student joins a club. DateLeft is default “NULL” because a membership is active when it’s created.
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(Fig.5 Screenshot showing creation of the ClubEvents table)
EventID is the primary key with ClubID being the foreign key constraint. EventName and EventDate are “NOT NULL”, due to these being essential details for an event to be recorded. Venue and Capacity are nullable as the location may potentially be subject to change, but also some venues might not have a capacity limit.
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(Fig.6 Screenshot showing creation of the Participation table)
ParticipationID is the primary key with StudentID and EventID being the foreign key constraints. Attended is Boolean, but with default set to “NULL” as a student may sign up for an event before it has taken place.
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(Fig.7 Screenshot showing creation of the Announcements table)
AnnouncementID is the primary key and ClubID is the foreign key constraint. AnnouncementName and Details are set to “NOT NULL” as these are essential to what the actual announcements are. DateSent will default to “NULL”, to allow communications to be sent in the future.
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(Fig.8 Screenshot of sample data in Memberships)           (Fig.9 Screenshot of sample data in Participations)

Sample data was inserted into all of the tables. The screenshots above(fig.8,fig.9), show the referential integrity has been correctly enforced. Attended within Participations, shown to allow “NULL” for future events that have not taken place, but have been signed up for.
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(Fig.10 Screenshot showing update to Memberships)
The image displayed(fig.10), shows an update to a membership record for when a student leaves a club. This imitates a real-world scenario for maintaining records that can be reviewed.
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(Fig.11 Screenshot showing an event being deleted)  (Fig.12 Screenshot showing an announcement deletion)
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(Fig.13 Screenshot displaying updated Participations)

A ClubEvents record has been deleted (fig.11), alongside the planned announcement, to simulate the cancellation of an upcoming event. Through the foreign key constraint of “ON DELETE CASCADE”, any Participations record(fig.13) that included the corresponding event, will be deleted automatically to maintain data integrity. ParticipationID number 6 has been removed (fig.13).
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(Fig.14 Screenshot showing stored procedure to add a membership)

The above stored procedure (fig.14), adds a membership but also checks first to see if the selected student is already an active member. A membership can  still be created if a previous membership is now inactive, with the corresponding student and club. This will streamline the adding membership process, whilst preventing data duplication and recording all previous records.
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(Fig.15 Screenshot showing trigger to update the date of a membership ending)
This trigger (fig.15) will set DateLeft to the current date, automatically, when a membership is updated to be inactive. The automation ensures efficiency and accurate recording without the risk of manual error.
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(Fig.16 Screenshot showing stored procedure to end a membership)

The stored procedure shown (fig.16), sets a membership to inactive for when a student leaves a club. The trigger (fig.15) is executed after the function is called, so again, it streamlines the process to maintain data accuracy.
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(Fig.17 Screenshot showing trigger for not allowing minus capacity figures)

The trigger shown(fig.17), is for when a record is created for a club event. The purpose of this trigger is to maintain data integrity, as it sets any negative values  within Capactity to zero. This reflects the real world and ensures realistic data.
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(Fig.18 Screenshot showing stored procedure to add an event record)

The stored procedure above (fig.18), is implemented to so the insertion of an event record is more efficient. As shown from the inserted event, the trigger has set the negative value to “NULL”.
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(Fig.19 Screenshot showing stored procedure for a student signing up for an event)

Similarly to the stored procedure for adding a membership, this stored procedure (fig.19) prevents data duplication for when a student signs up for an event, by checking if a record is already present. By attempting to call the function when a participation record is already present, no rows will be returned.
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(Fig.20 Screenshot showing a stored procedure for adding an announcement record)

The stored procedure displayed above (fig.20) is used for adding an announcement record. It prevents the input in the DateSent field from being set to a date before the current date. If the provided input is earlier than the current date, it is set to “NULL”. This reduce manual errors and maintain data accuracy.
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(Fig.21 ‘Memberships’ after transaction)                             (Fig.22 ‘Participations’ after transaction)

The above transaction (fig.21, fig.22) demonstrates a scenario where a student wants to sign up for an event but needs to be a member first. The transaction adds the student as a member and then afterwards signs up for the event with the newly added membership. The “COMMIT” makes the changes only when both operations are successful, and “ROLLBACK” is in place incase of an error or if only partial operations were made.
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(Fig.23 Screenshot of created indexes)

The above image (fig.23) shows indexes that were created on foreign keys to support JOIN operation performance.

[image: ]
(Fig.23 Screenshot showing inner join query)

The above inner join (fig.23), displays the students, the club they are apart of and which events they have signed up for. This will allow for the tracking of student engagement with events.
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(Fig.24 Screenshot showing left join query)

The above left join (fig.24), displays all students and the clubs they have memberships for, and displays the students that are not active members of any clubs. This will allow for the tracking of membership trends and student involvement.
[bookmark: _Toc217743284]Stored Procedure and Transactional Scenario

The stored procedures were implemented for efficient processes such as adding memberships, ending memberships, adding events and cresting student signups. These in conjunction with the triggers and rules within them, will minimise manual error, data duplication and keep data consistent throughout the database.
The transaction demonstrated (fig.21, fig.22), was to showcase a scenario for where a student wants to participate in an event, but is not currently and active member of the corresponding club, so adding a membership and adding a student signup are fulfilled in a single transaction. If any of the procedures fail, then the rollback will undo all changes so no partial data is implemented. The commit confirms changes when all operations in the transaction are complete.[3][4]



[bookmark: _Toc217743285]Performance Tuning Enhancement


Indexed were created on the foreign key columns within the Memberships and Participations tables, due to these tables having the expected highest volumes of records which will affect query performance. The indexed rows will be returned faster which will improve the performance of selected queries. This will benefit the tracking of memberships and student engagement with more efficiency as query operations will be faster and more responsive with high amount of data.[5][6]

[bookmark: _Toc217743286]Conclusion and Reflection

In conclusion, this centralised relational database improves the efficiency of managing student clubs and societies. This implementation focused on managing relationships between tables to maintain data integrity and consistency, by allowing data constraints, stored procedures, triggers and transactions. Indexing will allow performance optimisation of queries when performing business data analysis. A challenge was implementing stored procedures and triggers in a way that maintained data integrity and consistency that accurately reflected real-world processes and outcomes. Careful planning was required to make sure any automation function worked correctly and was consistent.
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