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[bookmark: _Toc214649864]1. Introduction
The report will demonstrate the design and development of a database system for a chosen scenario. The report aims to understand the needs of the system and transform them into a structured relational database management system. The development work will start with a requirement analysis to recognise the key entities and their core relationship [7]. After that, it will demonstrate the design decisions and represent the ERD design that will be applied for implementation. Additionally the report will include sample data and queries to represent how the system works in practice. The last part of the report will provide a conclusion with testing, validations and reflection to make sure that the complete database will be reliable, accurate and suitable for practical use.

[bookmark: _aniidds9ifkz][bookmark: _Toc214649865]2. Requirement Analysis
The EcoRide system needs a structured database that can help to support regular operations, monitor transactions as well as maintain appropriate records. The system aims to make sure that all information related to maintenance, rentals, system activities and staff is collected reliably and consistently [8]. The major system requirements are described in the table  below:
i) Functional Requirements
	Requirement
	Description

	User Management
	The system needs to store, retrieve, and update the rider and employee information at the time needed.

	Rental Processing 
	It should allow recording of rental start time, duration, return time and cost.

	Bike Availability Tracking 
	This system requires recording the current condition, status and location of each bike.

	Reporting 
	It must generate valuable reports such as active rentals, available bikes, overdue returns and revenue.

	Maintenance Logging
	The system should support logging of the activities of maintenance, including staff involved and service type. 



ii) Data Requirements
	Requirement 
	Description

	Data Consistency
	Relationships between records need to be maintained using foreign keys of the system.

	Unique Identification
	Each record of the system requires a unique ID to avoid duplication.

	Status Tracking
	The system should store the real-time status of bikes, such as in use, available, or under repair.

	Secure Contact Information
	Personal contact details need to be stored clearly and securely in this developed system.

	Accurate Time Records
	Dates and times for rentals and maintenance should be stored in precise formats.




iii) Non-Functional Requirements
	Requirement
	Description

	Performance
	Queries require execution quickly, even as data grows.

	Reliability
	The system should store data accurately and function without interruptions.

	Scalability
	The database requires support for more users, bikes, and maintenance entries in the future.

	Data Integrity
	Constraints need to ensure valid, consistent, and error-free data.

	Usability
	The structure must be simple to understand for staff who interact with the system.




[bookmark: _chw5bkg6epdp][bookmark: _Toc214649866]3. System Design and Decisions
This system design focuses on fulfilling the requirements of the EcoRide stated in the previous section. This EcoRide database uses a relational database to ensure data integrity, clear relationships and enhance performance. A relational database allows organising data in various tables, handling a specific category of information [1]. This prevents data redundancy and helps in efficient data retrieval. Primary keys help to identify a row uniquely and foreign key enforces referential integrity. 
The separate table for each category of information ensures better usability. Staff can update information without affecting other unrelated tables of the database, ensuring better data consistency. This feature supports modular growth for the future without the necessity to restructure the system.
Data types are selected based on the nature of stored information. Variable-length text fields are used for textual information. On the other hand, date and datetime are used for the appropriate storage of date and time. Numeric data types are used for costs and duration to support calculations.
Constraints play an important role in the design. UNIQUE constraints ensure that the tables do not contain any duplicate entries [2]. A NOT NULL constraint ensures no row in the table is left NULL, enforcing the requirement to provide all details during data insertion. 
This design ensures that the design focuses on useful system outputs. The structure supports a report on available bikes, maintenance history, rental activity and revenue. This allows EcoRide to effectively manage service and make better decisions.
This design is scalable, structured and simple, ensuring efficient data handling, easy maintenance and streamlined operations.

[bookmark: _tmusa0elbz7n][bookmark: _Toc214649867]4. Normalisation
This database of EcoRide applied normalisation to ensure the database design is efficient, consistent and free from data redundancy. This database has been normalised to the 3rd Normal Form (3NF), that is appropriate for transactional systems. First Normal Form ensures that all the attributes of the tables hold atomic values and each table has one primary key. The Second Normal Form ensured the database design is free from any partial dependencies. It requires ensuring that no non-key attribute depends on only part of a composite key [3]. As the tables have single-attribute primary keys, achieving second normal form is easy. Third Normal Form ensured that all non-key attributes depend on the primary key rather than depending on each other, eliminating transitive dependency [4]. These normalisations ensured that the database has no redundancy, anomalies and supports reliable data updates across the system.
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[bookmark: _5uxtz13t5o3e][bookmark: _Toc214649868]5. ERD and Implementation
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(Source: MySQL Workbench; Self-created)
An Entity-Relationship Diagram (ERD) provides a visual representation of the entire EcoRide database system [5]. It underlines key entities with their respective attributes and their internal connections. ERD acts as a blueprint for implementing the database and ensures that the final structure is logical, efficient and meets all the requirements.
The ERD of EcoRide includes five distinct entities: Rider, Staff, Bike, Rental and Maintenance. All of the entities contain a primary key that helps to uniquely identify each record of a table [6]. The rider_id in the Rider table, bike_id in the bike table and staff_id in the Staff table act as a primary key. 
Foreign keys assisted in developing the relationships between different relations. The rider table contains rider_id and bike_id as foreign keys, helping to identify which biker rented which bike. Similarly, the Maintenance table stores information for a specific staff member and a specific bike through staff_id and bike_id foreign keys. These help to track information effectively and ensure the stored data is consistent and meaningful.
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(Source: MySQL Workbench; Self-created)
The implementation aligns with the ERD. SQL commands such as FOREIGN KEY, NOT NULL, PRIMARY KEY  and UNIQUE are applied to maintain data integrity. The structure is scalable and allows future additions. These constraints prevent duplicate entries, orphan records and incomplete information. Various datatypes such as VARCHAR, DATE, DATETIME and DECIMAL ensure accurate data storage. The ERD and implementation form the foundation of the EcoRide database.
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(Source: MySQL Workbench; Self-created)
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(Source: MySQL Workbench; Self-created)
To test the efficiency and whether the design meets the requirements effectively, sample data are inserted in each table of the EcoRide system. The dataset includes records of riders, staff members, bikes, rental transactions and maintenance activities. These data assist in testing the structure, relationships and run meaningful queries. 
· Rider table includes contact details and the unique identification number of each rider.
· Staff table stores the details of employees responsible for inspection and repairs.
· Bike table holds bikes' condition, type, purchase date, status and location.
· Rental table holds the information of the completed and ongoing rentals.
· Maintenance table stores various service activities such as inspections and repairs, performed by specific staff.

[bookmark: _i4uz7kihoswp][bookmark: _Toc214649870]7. Queries 
A series of SQL queries is designed to evaluate whether the EcoRide database meets the actual day-to-day operational requirements [10]. These queries not only exemplify the system's capability to access pertinent data also to produce overviews and thus be able to make decisions more easily. Each query portrays a practical scenario that the management team might face in everyday operations.
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Available Bikes Query 
(Source: MySQL Workbench; Self-created)
Explanation: One of the main query points out the bikes that are ready to be used. This query identifies the status field in the Bike table and gives back all the bikes with the "Available" label [11]. It saves the staff time in finding out which bikes are available for rent by doing the checking at every station. 
[image: ]
Bikes on Rental Query 
(Source: MySQL Workbench; Self-created)
Explanation: The other significant query gets the bikes that are not yet returned and are still rented [12]. This query looks for records in the Rental table where the return_date is NULL. It enables the staff to keep track of active rentals and to spot late returns.
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Total Revenue Query 
(Source: MySQL Workbench; Self-created)
Explanation: The query based on revenue computes the total sum of money that has been earned from rentals that have been completed. It employs the SUM function on the cost field to arrive at the total income. This procedure underpins financial reporting and aids the team in assessing the service quality over time.
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Maintenance Query 
(Source: MySQL Workbench; Self-created)
Explanation: Queries related to maintenance constitute the main part of the work as well. One query fetches the complete maintenance history of each bike. It links the Bike, Maintenance, and Staff tables to reveal who did the service, what kind of maintenance was performed, and when it occurred. The output of this activity will be very useful for the staff in terms of scheduling inspections and repairs in the future.
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Most Rented Query 
(Source: MySQL Workbench; Self-created)
Explanation: A query based on usage makes a list of the most rented bikes. The total number of rental transactions for each bike is counted and then they are arranged in descending order. This data will be used to recognise bikes that are in high demand and thus may need to be serviced more often. 
At last, a query was set up to bring to attention the bikes that could be overdue. By looking at the rental duration against the present time.

[bookmark: _gpean4u72fc3][bookmark: _Toc214649871]8. Testing and Validation
Testing and validation have been carried out to confirm that the EcoRide database meets all functional requirements and operates as expected [9]. The process implemented running sample queries, checking table relations and verifying the data store as well as retrieving it in an appropriate way. Every table was initially tested to make sure that constraints such as foreign keys, primary keys and unique fields were functioning. Queries were then tested to ensure they produced accurate and meaningful results. For example, the query for available bikes returned only those marked as “Available,” as well as the query for ongoing rentals correctly identified entries with no return date. Additionally maintenance and revenue queries produced expected outcomes based on the sample data.

[bookmark: _9cs1c7r52m6d][bookmark: _Toc214649872]9. Reflection 
This database design for EcoRide has helped to apply the database design principles in a practical scenario. I started understanding the functional and non-functional requirements of the Ecoride system. I identified the challenges that EcoRide was facing with manual record-keeping. This step highlighted the importance of accurate tracking, improved visibility and structured data management. Implementing the database according to the requirements of EcoRide requires an understanding of MySQL and relational database models.
I applied normalisation to the database schemas up to the 3rd Normal Form. This helped me to ensure that the database does not have any transitive or particle dependency and each attribute contains atomic values. I efficiently utilised the primary keys and foreign keys to enforce referential integrity and maintained connections between various tables. 
During the implementation of SQL, I was required to select an appropriate data type for each attribute to ensure efficient data storage. I used DATETIME for rental records and a UNIQUE constraint to prevent any data repetition. I added sample data to the tables to simulate a real-world scenario. The testing phase of the system helped to assess whether the queries ran properly and returned expected results. It ensured that the system can address the operational requirements, such as tracking available bikes, monitoring rentals and viewing maintenance history. 
It has been challenging to meet all the requirements of EcoRide along with keeping the database structure simple. In future, multiple features such as predictive maintenance alerts, overdue bike reminders can be added to improve the system’s functionality.

[bookmark: _g017t2i8kawt][bookmark: _Toc214649873]10. Conclusion
The EcoRide database system was developed to eliminate the manual operations which were the root causes of errors, delays, and inefficiencies in the electric bike rental scheme. The project has highlighted the benefits of a structured relational database for data storage, tracking, and decision-making with fewer errors. After going through a process of requirement analysis, system design, ER modelling, and SQL implementation, the final system can fully satisfy the operational needs of the service. Apart from rider registration, rental recording, maintenance activity tracking, and bike availability monitoring, it supports many other functions that are vital for the operation of the service.
The database's performance was evaluated through sample data and queries, and the results proved that the database not only performs as expected also is capable of providing useful outputs for the management. During testing and validation, integrity constraints, relationships, and queries were all confirmed to be functioning correctly. Although the present system covers the basic requirements, there is room for future improvement, such as automated notifications or extended reporting capabilities.
In conclusion, the project sets a strong and scalable platform for the efficient management of the EcoRide service.
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Rental Table

CREATE TABLE Rental (

rental_id INT AUTO_INCREMENT PRIMARY KEY,

rider_id INT NOT NULL,

bike_id INT NOT NULL,

rental_date DATETIME NOT NULL,

return_date DATETINE,

duration INT,

cost DECIMAL(16,2),

FOREIGN KEY (rider_id) REFERENCES Rider(rider_id),
FOREIGN KEY (bike_id) REFERENCES Bike(bike_id)

Maintenance Table

CREATE TABLE Maintenance (

maintenance_id INT AUTO_INCREMENT PRIMARY KEY,
bike_id INT NOT NULL,

staff_id INT NOT NULL,

maintenance_date DATE NOT NULL,

maintenance_type VARCHAR(58) NOT NULL,

notes TexT,

FOREIGN KEY (bike_id) REFERENCES Bike(bike_id),
FOREIGN KEY (staff_id) REFERENCES Staff(staff_id)
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INSERT DATA

Riders

INSERT INTO Rider (full_name, phone, email, id_card_number) VALUES
("Alice Johnson’, '87123456789°, 'alice@mail.com’, 'IDiee1’),

("8en Thompson’, '@7987654321', 'ben@mail.com’, 'ID1602'),

('Chloe Adams’, '@7711223344°, ‘chloe@mail.com’, 'I01003');

- staff

INSERT INTO Staff (full_name, role, phone) VALUES

(*30hn smith’, ‘Technician’, ‘e7eee111222'),

(‘emily Clark’, ‘Inspector’, '67000999888');

- ikes

INSERT INTO Bike (bike_type, bike_condition,

location, status, purchase_date) VALUES

('standard’, 'Good', 'Park Station’, ‘Available’, '2022-65-16°),
(Electric’, "Excellent’, “University Campus’, 'In Use’, '2023-83-15°),
(’standard’, ‘Needs Repair’, 'Central Hub’, ‘Under Repair’, '2021-69-22'

- Rentals

INSERT INTO Rental (rider_id, bike_id, rental date, return_date, duration, cost) VALUES

(1, 1, "2025-01-10 89:19:00", 2025-01-10 19:00:09", 50, 5.99),

(2, 2, ‘2825-01-11 11:20:00", ML, wuLL, L)y

-~ maintenance

INSERT INTO Maintenance (bike_id, staff_id, maintenance_date, maintenance_type, notes) VALUES
(3, 1, "2025-01-12", "Repair’, 'Replaced battery connector’),

(1, 2, "2025-1-10", "Inspection’, 'Routine safety check’);
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81 -~ List available bikes

Result Grid | I 4% Fiter Rovs: |ede: @) Eb Eb | exportimport:
bike_id bike_type bike_condition location status purchase_date

|1 Standard  Good ParkStaton  Available  2022-05-10
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104 -- Bikes currently out on rental
105 ®  SELECT r.rental_id, b.bike_id, b.bike_type, rd.full name s rider_name, r.rental date
106 FROM Rental r

107 301N Bike b ON r.bike_id = b.bike_id
108 01N Rider rd ON r.rider_id = rd.rider_id
105 WHERE r.return_date IS NULL;
110
 ResultGrid | {43 Fiter Rows: | Export: E | Wrap Call Content: TR

rental id bkeid bke_type ridername rental date
» 2 2 Electric. Ben Thompson ~ 2025-01-11 11:20:00
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o1 -~ Total revenue
92 ®  SELECT suM(cost) AS total_revenue FROM Rental;

£ |

| ResultGrid | HH 4% Fiter Rovs: | export: B | wrap cell Content: T2

total_revenue
» |s.00
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o7 -- Maintainence history
98 ®  SELECT b.bike_id, b.bike_type, m.maintenance_type, m.maintenance_date, s.full name
99 FROM Maintenance m

100 JOIN Bike b ON m.bike_id = b.bike_id
1e1 300N Staff s ON m.staff_id = s.staff_id
102 ORDER BY m.maintenance_date DESC;
103
| ResultGrid | HH 4% Fiter Rows: | export: B | wrap el Content: T&
bkeid bke_type mantenance_type mantenance date ful name
[NE Standard  Repar 2250112 John Smith
1 Standard  Inspection 2250110 Emiy Clrk
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m -- Bikes that are frequently rented
112 ®  SELECT b.bike_id, b.bike_type, COUNT(r.rental_id) As rental count
13 FROM Bike b

115 201N Rental r ON b.bike_id = r.bike_id
15 GROUP BY b.bike_id
116 ORDER BY rental_count DESC
17 LIMIT 55
18
119 -- show bikes currently overdue for return
Result Grid | {43 Foter Rows: | exports B | Wrep Cel Content: T&
bkeid bke_type _rental_count
» 1 Standard 1
2 Hectric 1
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CREATE TABLES

Rider Table

CREATE TABLE Rider (

rider_id INT AUTO_INCREMENT PRIMARY KEY,
full_name VARCHAR(168) NOT NULL,

phone VARCHAR(22),

email VARCHAR(188) UNIQUE,

1d_card_number VARCHAR(S2) NOT NULL UNIQUE

Staff Table

® ©) CREATE TABLE Staff (

Staff_id INT AUTO_INCREMENT PRIMARY KEY,
full_name VARCHAR(102) NOT NULL,

role VARCHAR(S@),

phone VARCHAR(20)

Bike Table

CREATE TABLE Bike (

bike_id INT AUTO_INCREMENT PRIMARY KEY,
bike_type VARCHAR(52) NOT NULL,
bike_condition VARCHAR(38) NOT NULL,
location VARCHAR(162) NOT NULL,

status VARCHAR(30) NOT NULL,
purchase_date DATE




