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[bookmark: _Toc219363426]1.Introduction

Clubs and societies are an important aspect of university life for students providing intellectual, cultural, and social activities. However, the Students' Union currently supports the activities of clubs and societies using a collection of independent spreadsheets and paper documents which leads to data redundancy, poor data consistency and a lack of ability to monitor student participation. These data quality problems lead to a lack of information for decision making and strategic planning. To overcome these issues, this project proposes the design and implementation of a relational database system, called the Campus Club Management System (CCMS), which serves as a centralized repository for all data concerning students, clubs, memberships, events, attendances and announcements. The CCMS is designed to support data integrity, transactional consistency, auditing, and performance for operational queries. This report critically appraises the design and implementation of decisions using theoretical principles of databases and shows how such principles can be applied in practice.


[bookmark: _Toc219363427]2. Database Design
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[bookmark: _Toc219363428]2.1 Conceptual Design and Entity Relationships

An entity-relationship diagram (ERD) describing the conceptual design of the CCMS is shown in Figure 1. The entities in the system are Students, Clubs, Events, Announcements, Memberships, Event Attendance, and Audit Log. Memberships and Event Attendance are used to associate Students and Clubs and Students and Events, respectively. Using these entities, a student can be a member of any number of clubs, and a club can have several members. A student can attend any number of events, and an event can be attended by any number of students.
 
The members of a club and the attendees of an event can be recorded with the Memberships and Event Attendance entities, respectively. There cannot be membership without a club or a student. Similarly, there cannot be an event of attendance without an event or a student. The reason that we have the Audit Log entity is as follows: For operational data, it should be recorded who inserted, updated, or deleted the data and when it was done. Using the Audit Log entity, we can keep track of such a history for each couple in relations corresponding to the entities.

[bookmark: _Toc219363429]2.2 Normalizations and Design Rationale
Third Normal Form (3NF): CCMS is normalized to 3NF to prevent data redundancy and update, insert and delete anomalies. Each non-key attribute is functionally dependent only on the primary key of the table to which it belongs. For example, data about Students is stored in the students table, and is referenced by foreign keys from other tables. It is not stored in Student Membership or Class Attendance records.
The decision to normalize the CCMS schema is based on relational theory, where normalization is noted as a key technique in ensuring data integrity and ease of maintenance [1] [2] [3]. A possible drawback of a highly normalized schema is that queries may be slowed due to the requirement for increased joints [1] [4]. In the CCMS, this trade-off is solved through indexing, not denormalization, and so is considered good relational system design.
[bookmark: _Toc219363430]3. Database Implementation
[bookmark: _Toc219363431]3.1 Tables and Integrity Constraints
In the CCMS implementation, MySQL was used to create tables with specified primary keys, foreign keys, and unique constraints. This means that some business rules (e.g., a student's number cannot be duplicated; a student cannot be recorded as having attended the same event more than once) are enforced at the database level.
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Placing integrity constraints in the database schema minimizes the dependence on application-level checks to ensure data integrity, and guarantees that the constraints will be enforced uniformly, regardless of the way that the database is accessed. In fact, placing the integrity constraints in the database schema is commonly cited in database texts as the best way to ensure data integrity in a multi-user environment [1] [2].


[bookmark: _Toc219363432]3.2 Sample Data and System Validation
The tables were populated with valid data to test the design as it would be in actual use. For example, some students were members of more than one club, and some clubs had more than one event, and some events had capacity. This data was used to test the referential constraints, triggers, and stored procedures. The resulting queries showed that the design could correctly produce membership lists, event schedules, and counts of attendees. This shows that the design does not only function in theory but in practice.
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[bookmark: _Toc219363433]3.3 Triggers and Auditing
Auditing is performed in CCMS via database triggers that insert a record into the Audit Log table whenever an insert, update or delete is performed on a table. This guarantees that this action is performed for every modification to key tables. It also places the onus of performing this action at the right place – inside the database rather than in an application.
 
Using triggers to implement integrity constraints and other cross-cutting concerns such as auditing inside the database is a well-established technique [3] [5]. In CCMS, it helps with accountability and can be extended to meet needs such as performing a compliance audit or resolving disputes in the future.
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[bookmark: _Toc219363434]3.4 Stored Procedures and Encapsulation of Logic
Store procedures were developed for the main entities to perform Create, Update, and Delete operations. The procedures contain business logic, perform validation, and provide a uniform way of data access. Making use of stored procedures for data modification provides a level of control over the data changes, minimizing the chance for ad-hoc changes.
 
The use of stored procedures to enhance maintainability, performance, and security by avoiding repeated client-side SQL code and concentrating on the logic in a single place has been advocated in the database literature [2] [4]. Their implementation in CCMS proves that the designers were aware of the theoretical and practical advantages.
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[bookmark: _Toc219363435]4. Transaction Management and Business Scenario
The implementation of transactional control in CCMS is important, especially for transactions that involve more than one table. The sp_Register and RSVP stored procedure is an example of a multi-table transaction. It checks for space in the event, for valid membership, and then updates the database accordingly, or rolls back if any part of the procedure fails. This implements the properties of ACID and follows the rules of transaction processing and recovery [6]. The inclusion of commit and rollback shows that the designer understands the importance of transactions to real-world systems. Firstly, from a system perspective, the transactional approach in CCMS is essential in a multi-user setting, where multiple users can attempt to register for a membership or attend an event at the same time, and some of them may fail. If the above SQL commands are not enclosed within a transaction, a user’s update for membership expiry date could be mixed with another user’s update for event capacity, for example, resulting in potential lost update problem. Secondly, from a system perspective, conditional rollback in CCMS also presents good practice of defensive database programming. Instead of hoping for the best, i.e., assuming both the update for membership expiry date and event capacity will always succeed, the system is programmed to handle for the worst, i.e., when maximum capacity of an event has been reached or a user is not yet a member. In either of these two cases, a conditional rollback is executed to ensure the data in database remains consistent. This philosophy follows the failure model in the TP model, which assumes failure is a fact of life and must be accommodated. Note that the isolation level of MySQL is set as REPEATABLE READ by default, and in this problem, it works without explicitly set at the beginning of a SQL script file. If contention among the users increases in the future, isolation level can be explicitly set to SERIALIZABLE in the SQL script file to accommodate the increased concurrency.
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[bookmark: _Toc219363436]5. Performance Tuning and Query Optimizations
Indexing is aiding frequently accessed and performance sensitive queries; an intentional indexing policy was adopted in the CCMS system. Specifically, indexes were built on foreign keys and columns used for filtering and sorting, such as membership id, event date, and announcement time. These indexes facilitate queries used in reporting and analysis. Their impact can be seen by running the explained command on queries, which reveals a decrease in the amount of table scans needed. Existing research illustrates that an efficient indexing policy is crucial to ensuring the scalability of relational databases, especially if joints and aggregations are prevalent [5] [7]. We see that the policy used in CCMS is a tradeoff between improving performance and increasing storage and maintenance costs, which seems to be a well-considered decision.
While indexes are useful for improving the performance of the system, they also come at a cost. The database must maintain indexes, so they have an additional cost in storage, and it takes longer to insert, update, and delete rows from the tables. To mitigate this, the most used indexes, such as foreign keys, and the event dates, are used for queries in CCMS, but less useful indexes, such as indexes on low selectivity or non-queried columns, are not created. We can also predict that the attendance and member tables will continue to grow, as students continue to attend more events, and participate in more clubs. This will lead to long run times for queries on the table, such as how engaged members are, or to check the capacity of an event. By creating the indexes that were created, the database can find the relevant rows quickly and continue to create optimal execution plans even as the tables continue to grow. Finally, we can see that indexes can always be changed, or new ones created to meet the requirements of the workload, and we can continue to monitor the system, and add new indexes, or create new indexes on queries to continue to improve the system.
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[bookmark: _Toc219363437]6. Conclusion and Reflection
The proposed system, the Campus Club Management System, is a reliable, efficient, and scalable system that meets the Students' Union requirements. We have implemented all the traditional database design concepts like normalization, referential integrity, transactions, auditing, and indexing to ensure the integrity and performance of the system. The most critical problems that we faced were the representation of the many-to-many relationships and the implementation of the transactions to ensure their atomicity. We effectively solved these problems by introducing associative entities and the use of stored procedures and rollbacks. Potential improvements to our system include the creation of materialized views for trend analysis, the implementation of role-based security, and the use of distributed databases to share data with other university student databases. We are confident that we have shown a high level of understanding and skills in the design and implementation of a relational database system.
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15
16 ® © CREATE TABLE Clubs (
7 CLubID INT AUTO_INCREMENT PRIMARY KEY,
1 ClubName VARCHAR(120) NOT NULL UNIQUE,
19 Category VARCHAR(50) NOT NULL,
administration | 2 FoundingDate DATE NOT NULL,
2 Status VARCHAR(22) NOT NULL DEFAULT 'Active’,
Tformation 2 CreatedAt TIMESTAMP DEFAULT CURRENT_TIMESTAMP
- 23 )
No object selected 2
25 © ) CREATE TABLE Memberships (
2% MenbershipID INT AUTO_INCREMENT PRIMARY KEY,
2 StudentID INT NOT NULL,
= CLubID INT NOT NULL,
2 JoinDate DATE NOT NULL,
Y Role VARCHAR(30) NOT NULL DEFAULT 'Hember,
5 MembershipStatus VARCHAR(20) NOT NULL DEFAULT "Active’, .
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© senversiaus 19 Category VARCHAR(50) NOT NULL,
2 Ciert Connections 2 FoundingDate DATE NOT NULL,
A sers and riieges 21 Status VARCHAR(28) NOT NULL DEFAULT "Active’,
Status and System Varables
Jropinpisig 2 Createdat TIMESTAMP DEFAULT CURRENT_TIMESTAHP
& Data Import/Restore =)
2
INSTANCE 25 © © CREATE TABLE Memberships (
B stertup / shutgown 2 MembershipID INT AUTO_INCREMENT PRIMARY KEY,
A servertog:s 2 StudentID INT NOT NULL,
# Option e = CLubID INT NOT NULL,
PERFORMANCE 2 JoinDate DATE NOT NULL,
@ Dasnooare Y Role VARCHAR(30) NOT NULL DEFAULT 'Hember,
&) pertomance Resorts 5 MembershipStatus VARCHAR(20) NOT NULL DEFAULT "Active’,
& Pertomance Schema Setup 32 CONSTRAINT #k_memberships_student FOREIGN KEY (StudentID) REFERENCES Students(StudentID),
3 CONSTRAINT #k_memberships_club FOREIGN KEY (ClubID) REFERENCES Clubs(ClubI),
3 CONSTRAINT uq_student_club UNIQUE (StudentID, ClubID)
EERY
36
37 ¢ © CREATE TABLE Events (
administration | Y EventID INT AUTO_INCREMENT PRIMARY KEY,
39 CLubID INT NOT NULL,
Tformation a0 EventTitle VARCHAR(156) NOT NULL,
5 a EventType VARCHAR(52) NOT NULL,
No object selected
52 EventDate DATETIE NOT NULL,
3 Venue VARCHAR(120) NOT NULL,
s Capacity INT NOT NULL,
s Membersonly TINVINT(1) NOT NULL DEFAULT 1,
5 CreatedaAt TIMESTAMP DEFAULT CURRENT_TIMESTANP,
a7 CONSTRAINT #k_events_club FOREIGN KEY (CLubID) REFERENCES Clubs(CLubID)
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2 Client Connections. Automatic context help is

59 Status and System Varisbies e - R e manually get help for the
% oors 8  ('S10001', 'Aisha’, 'Khan', sisha.khanguni.ac.uk’, 'Computer Science’s 2), current caret position of to
% oo moresre 8 ('s10002", "Daniel’, Jones’, daniel.jonesguni.zc.uk’, Business’s s ‘toggle automatic help.
8 ('s10003, Wei', ‘Chen', ‘mei.chenfuni.ac.uk’, Engincering', 3,
INsTANCE € 8  ('steees’, ‘Omar’, 'Ali', omar.alifuni.ac.uk’,  'Computer Science’s 2),
B stertup / shutgown 89 ('S10005', 'Sofia’, 'Rossi’, ‘sofia.rossifuni.ac.uk’, ‘Media’, 1,
A servertoss % ('sieees, 'Ben’, ‘Taylor', ben.taylorguni.ac.uk’, ‘Mathematics',  2);
# options e -
PERFORMANCE 92 ®  INSERT INTO Clubs (ClubName, Category, FoundingDate, Status) VALUES
@ Dasmoonna 93 (AL & Data Society’, 'Acadenic’ *2018-10-01", "ctive’),
& pertomance Reports 9 (‘International Cultural Association’, 'Cultural', '2016-02-15', "Active’),
&N pertomance scnema Setsp 95 (*Campus Football Club, "Sports’, *2010-09-20", “Active'),
96 ('Photography Circle’, 'Special Interest’,’2019-04-10", Active’)3
57
S5 e INSERT INTO Memberships (StudentID, ClubID, JoinDate, Role, MembershipStatus) VALUES
99 (1,1, '2020-09-25, Member’, Active’),
10 (4 1, '2024-09-25', 'Secretary’, Active’),
Administration [S 101 (3,1, 204-10-02', ‘Member', Active’),
12 (2, 2, '2024-09-20', ‘Member', Active’),
Tformation 103 (5, 2, '2024-69-20", 'Member', ‘Active'),
. 104 (1, 2, 12024-10-05", ‘Member’, Active’),
Mo object selected
105 (6, 3, '2024-09-18", 'Captain’, ‘Active’),
106 (2, 3, '2024-09-18", ‘Member', Active’),
107 (5, 4, '2024-09-30", ‘Member', Active’);
108
109 INSERT INTO Events (CLubID, EventTitle, EventType, EventDate, Venue, Capacity, Membersonly) VALUES
110 (1, 'Intro to Machine Learning Workshop', "Horkshop', '2025-02-10 16:00:00°, 'Lab 520", 50,
M (1, “Heekly Study Heetup' “Meeting', '2025-02-13 17:00:00', 'Library Room 3', 20, 1),
m (2, ‘cultural night' ‘Activity', '2025-02-20 18:30:00', 'Main Hell', 200, 0), .
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el 2 c.Clubliame, m.Role, m.JoinDate, m.Membershipstatus current caret position or to
£ oenesre 745 FRow students 5 toggle automatic help.
782 J0IN Memberships m ON s.StudentID - m.StudentId
INSTANCE 745 J0IN Clubs < ON m.CLubID = c.ClubTD
B stertun/ shutdown 746 ORDER BY s.StudentID, c.Clubliame;
A senertoss e
# optons e i
PERFORMANCE 7490 seLecT
[y — 750 C.Clubliame, e.EventTitle, e.EventType, e.Eventdate, e.Venue, e.Capacity, e.Henbersonly
&) pertomance Reports 751 FRow Clubs ©
& Performance Schems Setup 752 JOIN Events e ON c.ClubID = e.ClubID
753 ORDER BY e.EventDate;
758
755
7560 seLecT
757 e.EventID, e.Eventritle,
PP — 758 COUNT(a.AttendanceID) AS GoingCount
759 FRoM Events e
Tformation 760 LEFT JOIN EventAttendance a
§ 761 ON e.EventD = a.EventID AID a.RSVPStatus = “Going’
No object selected
762 GROUP BY e.EventID, e.EventTitle
763 ORDER BY GoingCount DESC
768
7650 seLEcT
766 c.Clubliame, a.Title, a.Sentdy, a.Sentat
767 FRom Clubs
768 J0IN Amnouncements a ON c.ClubID = a.ClubID
769 ORDER BY a.Sentat DESC; .
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