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This report covers the design and implementation of a relational database system for Eco-Ride, a new electric bike rental scheme launched by the local authority to promote greener, healthier commuting across public spaces. The assignment’s purpose is to replace current paper forms and basic spreadsheets, which have become difficult to manage as the service grows. The database streamlines operations by recording bikes, their condition and availability, track rentals, rider details and staff information. 
Practical queries have been run to demonstrate functionality and are highlighted within the report. The database is intended to maintain accuracy, provide accessible information and prevent inefficiencies like double bookings. 
The journal article ‘Relational Database Design: A Review’ discusses Connolly and Begg’s methodology of three phases – conceptual, logical, and physical.  [1] These have been implemented within the database design for Eco-Ride.

[bookmark: _Toc216787386]Scenario Analysis 
File‑based systems were developed to computerise manual filing and worked well for simple storage/retrieval, with each department managing its own data [2]. As Eco-Ride expanded, this became inefficient due to growing data volumes and the need for cross‑referencing. Separate departmental files often resulted in inconsistencies, duplication of rider and rental information, and difficulties producing accurate reports, such as a maintenance or rider histories.  
Connolly & Begg defined a database as “a shared collection of logically related data and its description, designed to meet the information needs of an organisation.” [2] Unlike separate files, a database stores all Eco-Ride data in one central DBMS, avoiding duplication by linking all areas to the same record. For example, if a rider’s address is updated in the Riders table, the change is automatically reflected wherever the address is stored. This ensures consistent, accurate data across the scheme, with relationships between tables maintaining integrity.
The first aspect of creating the Database was establishing main entities, their attributes, and relationships. 
Entities are the aspects for which information is needed - Bikes, Locations, Maintenance, Rentals, Riders and Staff. Attributes provide details about each entity - Rider_ID, name, registration information. Relationships link the entities. [1} Each entity Eco-Ride database is represented by its own table with associated attributes. 
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Figure 1: Screenshot of all entity tables within the database. 
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Figure 2: Screenshot of the Bikes entity table, displaying its attributes and sample data. 
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Figure 3: Screenshot of the Locations entity table, displaying its attributes and sample data.
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Figure 4: Screenshot of the Maintenance entity table, displaying its attributes and sample data.
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Figure 5: Screenshot of the Rentals entity table, displaying its attributes and sample data.
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Figure 6: Screenshot of the Riders entity table, displaying its attributes and sample data.
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Figure 7: Screenshot of the Staff entity table, displaying its attributes and sample data.
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Figure 8: The relationships between each entity table within the database.

The Maintenance entity links to Bikes and Staff, ensuring each record is connected to the specific bike serviced and the staff member who serviced it. 
The Locations entity connects to Staff, Bikes, and Rentals, showing which staff member manages each location, which bikes are available there, and the start and end locations of rentals. 
Bikes and Rentals are linked so each rental record corresponds to the bike hired, providing visibility of rental dates, locations, and status. 
Finally, Rentals and Riders are linked so each rental is associated with the rider who made it, allowing tracking of start and end locations as well as rental status.
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Figure 9: Entity-Relationship Diagram (ERD) 
The above ERD diagram shows labelled entities, attributes, primary/foreign keys and the relationships between them with cardinality highlighted. Each element is represented by the following: [3]
· Entities (rectangles) – Represent the main tables.
· Weak entities (double rectangles) – Depend on another entity. (Without bikes, there are no maintenance records).
· Relationships (diamonds) – Shows how each entity is linked.
· Attributes (plain ovals) – Represent basic data stored within an entity. 
· Primary Keys (ovals with underlined text) – Always unique, giving each record and distinct identifier.	  
· Derived (dotted ovals) – Calculated from other data. (Age calculated from date of birth, availability calculated from capacity minus bikes rented). 
· Multivalue Attributes (double ovals) – More than one piece of data can be stored. (Multiple phone numbers or email addresses). 
· Cardinality (crow’s foot) - Specifies the type of relationship such as one to many, many to one etc.
Foreign keys represent fields where a primary key from one table appears in another, enabling relationships between entities.  For example, Bike ID in the Rentals table identifies the specific bike rented, and Bike ID in the Bikes table is the unique primary key. [2]

Rider – Rental is one to many, as one rider can have many rentals. However, each rental can only be associated to one rider. 
Rentals – Bikes is many to one as each rental can only feature one bike, however one bike can be rented multiple times. 
Bikes – Maintenance is one to many as each bike can undergo multiple maintenances, however each maintenance record will be relevant to one specific bike. 
Maintenance – Staff is one to many as each staff member can perform multiple maintenances however each maintenance record will be linked to one staff member. 
Staff – Locations is one to one as each staff member is responsible for one location, and each location is assigned to one staff member ID. 
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This stage moves the database from conceptual design (ERD) to physical design and table creation [4]. Each table includes at least one constraint to demonstrate how data integrity is maintained.
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Entity name: Bikes
Attributes: Bike_ID, Bike_Type, Status, Location_ID, Valid_Service
Primary Key: Bike_ID
Foreign Key: Location_ID – referenced in Bikes and Locations tables. 
Constraints: Bike status must be selected from a list.
[image: A screenshot of a computer

AI-generated content may be incorrect.] 
Figure 10: Screenshot showing the constraints implemented to Bike Status within the Bikes table. ‘Limit to List’ was initially set as No.
To ensure consistency within the Bikes table, the Status field was implemented as a lookup with a drop‑down list. The allowed values are defined as:
· Available
· Rented
· Maintenance
· Repair 
· Discontinued

This ensures Bike Status is entered consistently and prevents errors from free text input. Initially, the Limit to List property was set to No, allowing users to select from the list or type new values, which was not the desired outcome. Changing the option to Yes rectified this and reinforced the constraint
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Figure 11: Screenshot showing updated field property, where ‘Limit to List’ is set as Yes. 
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Entity name: Locations 
Attributes: Location_ID, Location_Name, Capacity, Current_Availability, Staff_ID
Primary Key: Location_ID
Foreign Key: Staff_ID – referenced in Maintenance and Staff tables.
Constraints: Location_Name must be entered.
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Figure 12: Screenshot showing constraints implemented to Location Name within the Locations table. 
In the Locations table, the Location_Name field was set as ‘required’, ensuring each location an assigned name, maintaining clarity across the database. The foreign key Staff_ID links each location to an existing staff member from the Staff table, enforcing referential integrity.
Initially, no validation text accompanied this constraint and was later amended to display: “Location name is required. Please enter a value”, improving usability.
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Figure 13: Screenshot showing updated validation text to support the implemented constraint. 
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Entity name: Maintenance  
Attributes: Maintenance_ID, Bike_ID, Staff_ID, Type, Service_Date
Primary Key: Maintenance_ID
Foreign Key: Bike_ID and Staff_ID – referencing the Bikes and Staff tables. 
Constraints: The Service_Date must be valid and cannot be set as a future date.
Foreign keys within the Maintenance table ensure that each maintenance record is associated with a valid bike and staff member, enforcing referential integrity.
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Figure 14: Screenshot showing the constraints implemented to Service Date within the Maintenance table. Both validation rule and validation text have been entered. 
Constraints were applied to the Service_Date field to ensure that no future dates can be entered in error. This helps maintain accurate records by only allowing valid service/maintenance dates. Supporting validation text has been entered providing clarity for users and improving usability. 
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Entity name: Rentals  
Attributes: Rental_ID, Rider_ID, Bike_ID, Start_Date, End_Date, Start_Time, End_Time, Start_Location_ID, End_Location_ID, Rental_Status
Primary Key: Rental_ID
Foreign Key: Rider_ID, Bike_ID, Start_Location_ID and End_Location_ID – referencing Riders, Bikes and Locations tables. 
Constraints: The Rental_End date must be valid and can’t be before the Start_date.
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Figure 15: Screenshot showing the constraints implemented to the full table. 

Initially, Start_Date/Start_Time and End_Date/End_Time were combined into Start_Date_Time and End_Date_Time. When applying a constraint to ensure rentals ended after they began, the below error occurred: 
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Figure 16: Screenshot of error message that appeared when attempting to add field level rules across multiple fields.  

Further research highlighted that MS Access does not allow rules at field level, between multiple fields. The constraint was therefore applied at table level. Start_Date and End_Date were later split into individual fields, however the original table level rule still referenced End_Date_Time, causing an error. This was resolved by removing the old rule and re‑adding it for the whole table, successfully enforcing that rentals cannot end before they begin and maintaining data integrity. Validation text was again entered providing clarity for users and improving usability. 
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Entity name: Riders  
Attributes: Rider_ID, Full_Name, Date_Of_Birth, Mobile_Number, Email_Address, Account_Status, Registration_Date
Primary Key: Rider_ID
Foreign Key: Other tables reference Rider_ID as a foreign key, to link back to the Riders table.
Constraints: Date of birth must be valid and not before today’s date and account status must be selected from a dropdown. 
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Figure 17: Screenshot showing the constraints implemented to the Date of Birth field within the Riders table.

To ensure data integrity, the rider’s date of birth must be before today. This prevents invalid future dates from being entered in error.
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Figure 18: Screenshot showing the constraints implemented to Account Status within the Riders table. ‘Limit to List’ set as Yes. 

To ensure consistency within the Riders table, the Account Status field was implemented as a lookup with a drop‑down list and set to ‘Limit to List’ for consistency. The allowed values are defined as:
· Active 
· Cancelled
· Suspended – Overdue Payment
· Suspended – Inactivity 
This again ensures consistency as users must select from a list, and no free text can be entered.  
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Entity name: Staff  
Attributes: Staff_ID, Full_Name, Role, Contact_Number, Payroll_Number 
Primary Key: Staff_ID
Foreign Key: Other tables reference Staff_ID as a foreign key, to link back to the Staff table.
Constraints: Payroll number must be unique. 
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Figure 19: Screenshot showing the constraints implemented to Payroll Number within the Staff table. 
In the Staff table, Staff_ID is set as the primary key to ensure each staff member has a unique identifier. To maintain data integrity, the Payroll Number field is indexed with no duplicates, ensuring each staff member is assigned a distinct Payroll Number. 
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Connolly & Begg defined Third Normal Form (3NF) as “a relation that is in first and second normal form and in which no non-primary-key attribute is transitively dependent on the primary key.” [2]
In simple terms, each piece of data within an entity should only be relevant to the subject of the entity. For example, in the Riders table, attributes such as name, date of birth, email, all relate directly to the rider associated with a specific Rider_ID.
The Eco-Ride Database is created in 3NF as each entity is focused on a single subject, with the attributes all relating to that subject. Each entity has a unique identifier (primary key) to identify a specific record, and all other fields provide the data that makes up that record. Foreign keys link tables, whilst keeping each entities data stored separately, which ensures data integrity.
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Queries were run to demonstrate how the system can be used.

[bookmark: _Toc216787399]Rentals for a given rider 
A query was run to view all rentals for Rider ID 1.
The Rider_ID links both tables.
Queried using fields: Rental ID, start date, end date, rider ID, full name and rental status.
Results – Megan Evans, 1 rental, 01/09/2025 
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Figure 20: Screenshot showing running the query to establish the rental history for Rider ID 1
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Figure 21: Screenshot showing the results of the query. 
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A query was run to view all bikes available at ‘City Centre’ 
The Location_ID links both tables.
Queried using fields: Bike ID, status, location name, current availability.
Results – 15 bikes available at City Centre.
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Figure 22: Screenshot showing running the query to establish the bike availability for City Centre. 

The query specified criteria to show results for available bikes at the City Centre. 
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Figure 23: Screenshot showing the results of the query. 
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A query was run to view the maintenance records for a Bike ID 9.  
The Bike_ID links the Maintenance and Bikes tables, and Staff_ID links Maintenance and Staff 
Queried using fields: Maintenance ID, Bike ID, Type of maintenance, service date, staff ID, full name of staff member.
Results – Bike ID 9 has one maintenance record, the bike was in for repair 06/07/2025 and James Owen is the staff member who dealt with, and he has Staff ID 2. This result is maintenance record 5.
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Figure 24: Screenshot showing running the query to establish the maintenance history of Bike ID 9.

The query specified criteria to show results for Bike ID 9.
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Figure 25: Screenshot showing the results of the query, which is maintenance record 5. 
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A query was run to view the availability against the capacity at a specific location, and the status of the bikes. 
The Location_ID links the Locations and Bikes table. 
Queried using fields: Location ID, Location Name, capacity, current availability, bike ID, status, valid service.
Results – The capacity is 30 bikes, there are 28 bikes currently available. 
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Figure 26: Screenshot showing running the query to establish the availability compared to capacity of bikes at Park Entrance location. 

The query specified criteria to show results for the Park Entrance, including rental and service status of all bikes. Bike_ID was set to ‘count’ to show the total numbers. 
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Figure 27: Screenshot showing the results of the query.

Given the minimal sample data, the ‘Status’ and ‘Valid Service’ options are not hugely relevant, however in a real setting with hundreds of records, this would be useful to have visibility of. 
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The database was validated and tested to ensure it behaves correctly, and all constraints were implemented.
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Figure 28: Screenshot showing error message when Bike Status is not selected from the dropdown.
The constraint ensures only predefined options can be selected for Bike Status. By restricting it to the dropdown, the system prevents typos or unexpected entries, which helps maintain consistent records and data integrity. When entering free-typed text, the above message appeared. 
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Figure 29: Screenshot showing error message triggered when a future Service Date is entered. 
The constraint ensures that only valid dates can be recorded by preventing future dates from being added. When tested, the validation message appeared as expected, confirming the rule was correctly implemented and supporting usability by guiding users to enter the correct date.
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Figure 30: Screenshot showing error message triggered when a duplicate Payroll Number is entered. 
The implemented constraint ensures that each staff member is assigned a distinct Payroll Number. When entering a duplicate Payroll Number, the above message shows. By preventing duplicates, the system maintains accurate staff records and supports data integrity.
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