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[bookmark: _Toc298524653][bookmark: _Toc1326638104] 1. Introduction
The CCMS is a database designed as a solution to fix the current inefficient method of managing clubs and societies in the Student Union. Because they currently use paper-based records and isolated spreadsheets. And these make it harder to maintain accurate records, organise events and monitoring overall student interest and engagement and hard to filter to retrieve old information efficiently. So, the solution was to create a centralised relational database as it’s more structured and is a reliable way to manage all this data while ensuring correct and secure data.

The goal is to design and create a relational database that handles all management. The student clubs, memberships, events, guest in these events and club announcements. To do it correctly I will have too implement relational database principles such as normalisation, transactions, stored procedures, triggers and indexing to create a realistic database[1].
[bookmark: _Toc943009125][bookmark: _Toc953520235]2. Database Design
[bookmark: _Toc2011932184][bookmark: _Toc288086357]Entities/Tables
Based on the system requirements, I decided to go with six tables/entities, which are student table, club table, membership table, event table, the guest
table and the announcements table. Each table representing kind of a real-world object or set of data, I split like this because one student can join multiple clubs, clubs can have multiple events and announcements and then students can go to multiple events, that’s why it’s normalised this way.
[bookmark: _Toc698002524][bookmark: _Toc640146806]Entity Relationship Diagram (ERD)
[image: ]
This is the ERD that I made. It is in third normal form and has no transitive dependencies, which would occur if everything was stored under Student for example and clubID was a non-key attribute. The entities I created I think are enough and relevant for the data that they need to store. The many to many relationships are handled with junction tables because many to many directly is not possible in relational databases. I applied all the relevant constraints here that I will likely use on the attributes in the tables, key ones being NOT NULL, DEFAULT and CHECK for the logic on fields like dates and fields that would typically need a limit or validation.
[bookmark: _Toc472782449][bookmark: _Toc1952518866]Attributes and Primary Keys
Each table will have a fitting primary key to make each record in that table unique. To stick with consistency in naming I will use camel casing and will look like studentID, clubID, membershipID and so on. The other fields I will use to capture useful information like the student’s name, clubs name, dates for events and stuff like the message body of announcements. This is just to ensure that we still have all the information like before and follow the requirements of the database.
[bookmark: _Toc327629313][bookmark: _Toc2113719183]3. Relationship Design
[bookmark: _Toc872405642][bookmark: _Toc1442585591]Student to Club Relationship
The main hinderance is the relation between Student and Club because it will be a many to many relationship, as a student can be in many clubs and a club can have many students. And because relational databases do not support many to many relationships between two tables I will create a third table which is known as a junction table to support the relationship.[2] This is what the Membership table will be used for and I will add two one to many relationships to solve this problem, because one student then can have many memberships and one club can have many memberships, so the membership table will have the studentID and clubID as foreign keys stored in the table linking to one student and one club per record.
[bookmark: _Toc2064560774]Club to Event Relationship
The club and event relationship is a one to many. I did this because on club can have multiple events, but an event can only be setup by one club. This relationship I used clubID as a foreign key that lives in the Event table. Which is a reference to the primary key in the Club table.

[bookmark: _Toc473285234][bookmark: _Toc1374397674]Student to Event Relationship
Similar to the Student to Club relationship the Student to Event is many to many because a student can attend many events and an event can be attended by many students. This is resolved again by another table because we can’t use many to many from two tables in SQL, so I have another junction table called Guest.
[bookmark: _Toc2067534911][bookmark: _Toc1465255564]Club to Announcement Relationship
Then the Club table to Announcement table is a one to many relationship because one Club can post multiple announcements, but the announcements are then associated with one club. I attached announcements to club mainly for tracking purposes, I think it would be useful also to track past announcements clubs made for the history.

[bookmark: _Toc597307345][bookmark: _Toc903336559]4. Normalisation
I normalised the database to 3NF, (Third Normal Form) which is where there is no transitive dependencies. For example, having membershipID in the Club Table as a non-key attribute would break this normalisation rule so I made its own table which is Membership to make membershipID a key attribute and eliminate the transitive dependency there.
By having it setup this way where they’re separate entities with association helps eliminate redundancy because we are storing relationship specific data separately and once, ensuring high data integrity and maintainability[3]. 
[bookmark: _Toc361235725][bookmark: _Toc777512565] 5. SQL Table Implementation
[bookmark: _Toc636444176][bookmark: _Toc228517272]Primary and Foreign Keys Used
I used primary keys where I wanted a record to be uniquely identified and foreign keys for referential integrity to ensure that the related records exist before creating the relationship. For example, I wouldn’t want a membership to be created if the student and club did not exist before it. With foreign keys there’s also cascading rules to delete dependent records when the parent record is deleted, which will stop us from having orphan data.
[bookmark: _Toc260487376][bookmark: _Toc1155906085]Constraints and Data Validation
I used a few constraints throughout the database. Mainly stuff like UNIQUE, CHECK, and NOT NULL. I used unique on stuff like the student’s email addresses, club names. Just stuff that should be unique and not reoccur. I used CHECK on fields such as the enrolment year, I set it to something like 10 years ago after searching the longest enrolment time at a university. And not null I used on all mandatory attributes on a record. I used the constraints to enforce business rules and ensure that invalid data is less likely to be stored and will be left to human error not a computer issue.
[bookmark: _Toc1083476649][bookmark: _Toc689055841]6. Stored Procedures and Transactions
I used stored procedures for common database operations like inserting new students or registering a student and a club membership inside one operation. Stored procedures are also more secure, consistent and maintainable because it centralises the logic in the database.
I used transactions with the usual START TRANSACTION but also implementing COMMIT AND ROLLBACK. For example, when registering a new student and assigning them to a club both operations must succeed, if one fails the transaction is then rolled back to keep the database safe and consistent. This falls under the A in ACID which is atomicity, or the all or nothing principle meaning every operation in a transaction must succeed or the transaction will not be committed.
[bookmark: _Toc727799643][bookmark: _Toc129381027]7. Triggers
I used triggers to automatically enforce business rules that are too complicated to do through constraints. For example, inserting an invalid membership date or a duplicate student email address. By executing automatically before an insert, triggers work as sort of an extra layer of validation and help maintain data integrity without manually checking the database, which they would have had to do with a paper system. The type of triggers I used were row level triggers which will triggers for each row being updated/inserted/deleted which is good for enforcing the business rules and keeping valid data in every single row.[4]

[bookmark: _Toc635002643][bookmark: _Toc1490653758]8. Testing
I added some sample data and did some testing to try and replicate how the database would be used in real life scenarios. For example, testing that the Stored
[image: ]

Procedure for adding a student works.
I then ran a SELECT query to check if it                                                           was added correctly. [image: ]
Therefore, the stored procedures are working. 
I then tested deleting a student as it made sense since I just created a student with the stored procedure and want to check if the cascading on delete works.
[image: ]
[image: ]
So as shown in the above images the cascading works and when deleting a Student the corresponding memberships are also deleted to stop us from having incorrect or orphan data stored in the database.
[image: ]
I also tested adding an announcement and ran a select query to see if it was added correctly.
[image: ]Here I used an explain query to see how the indexing would work, as shown in the image it returned the select id, the select_type, SIMPLE here which means theres no subqueries or union selects. From the Student table, the important one is this type here which is const, meaning our query is very fast but thats expected when I have two rows in this table, but I dont think scaling would be an issue either.
[image: ]
The last test I did was testing the triggers work, the trigger I tested as you can see in the image above is the student_email_check which ensures that we don’t have duplicate student emails, and as you can see above it works.
[bookmark: _Toc166873076][bookmark: _Toc287653479]9. Indexing
I created indexes on columns that are going to be used frequently in searches and join operations, such as the email address field, the foreign keys and fields such as dates of events. Indexing improves the speed of the query by making sure we aren’t scanning the whole table, which would be useful in a large real-world database. When an index is made it will store a sorted key associated with the value which acts as a pointer, which improvs speed largely on database read operations as it isn’t scanning every single row for a value[5].  The type of indexing I chose to use was B-Tree indexing, I chose to use this because it’s the default indexing method and is effective for most queries.[6]  B-Tree indexing works by creating a tree structure with middle value M in the middle, if the value you queried is greater than M then it’ll look on one side of the tree and vice versa[7].
[bookmark: _Toc1766506330][bookmark: _Toc815491967]10. Main Queries and Operations
The database I created supports all key operations that they would have been able to complete with their paper solution, such as retrieving all the clubs a student is a member of, counting event guest attendance, listing announcements that a club has made and more. So, the database supports their requirements and now they also get the benefit of querying and constraints, less risk of human error and less time to search for something.

[bookmark: _Toc1964903122][bookmark: _Toc1681002269]11. Conclusion and Reflection
To conclude I believe the CCMS database I created is a more structured, easier to use and more scalable solution than the current paper method for storing student clubs and societies. By using relation database principles and SQL features like constraints, stored procedures, transactions, triggers and more this solution ensures that data can be accessed efficiently, that the data is safe and reliable. The database solves the issues with the current paper system and is also more scalable if new features are necessary in future.
[bookmark: _Toc416126998][bookmark: _Toc965492715]11. Appendices
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