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[bookmark: _Toc219483808]Introduction
For this assignment the task entails creating a database for a rental bike company called EcoRide. EcoRide provides electric bikes for hire across different rental points around a given town or city, for this database design Aberystwyth was chosen as an example, to represent the locations of these rental points are located. The aim of this database is to improve overall operation efficiency and prevent the occurrence of errors.  The database will contain tables pertaining to information on who the riders/renters are, bikes that the company have as part of their fleet and a stations table to see where the bikes are currently located. And finally, a maintenance log table to keep track of work needed on the bikes and which member of staff has been tasked to repair them. To create this database Microsoft Access was used as it was the most accessible and more intuitive to use.  It is also designed to support common operational queries such as identifying bikes currently out on rental, checking availably at specific stations, reviewing maintenance history, and summarising rental usage and customer spending. Screenshots of the implemented tables, relationships, sample data, queries, and validation tests are provided to demonstrate that the system meets the scenario requirements. 
[bookmark: _Toc219483809]Requirements Analysis
Before implementing the database, it was important to analyse what information/data would be needed to put inside the tables and what tables would be needed. 
· The Database must store rider details and uniquely identify riders using RiderID (Primary Key) and RiderCardNo (unique), ensuring there are no duplicates. 
· The Database must store bike fleet details, including unique SerialNumber, current condition, and the start of its service date. 
· The Database must store station locations (rental points) and allow bikes to be assigned to a station as their current location. 
· The Database must record rental transactions, including the start time and which station location and an optional end time and station location (to allow for the database to function when the rental is still active).
· The Database must record staff details and store maintenance history for each bike, including the date and time, what action type is being taken, staff member responsible, and current station.  
· The design must ensure that it enforces referential integrity between related tables. For example, rentals must reference an existing rider, bike and station. 
· The database must support operational queries such as:
· active rentals (not yet returned),
· available bikes at a station,
· maintenance history for a bike,
· rentals per bike,
· completed rentals with calculated duration,
· totals spend by rider. 
[bookmark: _Toc219483810]Database Design 
The EcoRide database was designed as a relational database model with separate tables. The main tables are Riders, Bikes, BikeTypes, Stations, Rentals (Transactions), Staff, and Maintenance Log. Each table uses a primary key (AutoNumber) to uniquely identify records, and key real-world identifiers such as RiderCardNo and SerialNumber are constrained to be unique. 
· Riders: stores rider details and unique RiderCardNo
· Bikes: stores bike records and unique SerialNumber, linked to BikeTypes and Stations 
· Stations: stores rental point locations
· Rentals (Transcations): stores each rental event (End fields can be left null for active rentals taking place) 
· Staff: stores employee’s details 
· Maintenance Log: stores maintenance events linked to Bike, Staff, and Station 
· BikeTypes: stores bike type and battery capacity and notes on its suited use.

Relationships and Integrity 
Relationships were created in Microsoft Access using the Relationships tool to enforce referential integrity.  Key 1-to-many relationships include Riders → Rentals, Bikes → Rentals, Stations → Bikes, BikeTypes → Bikes, Bikes → Maintenance Log, Staff → Maintenance Log, and Stations → Maintenance Log. The Rentals table also references Stations twice to represent both StartStationID and EndStationID, the end station (and end date/time) is optional to support rentals that are still active. The relationship diagram is shown in Figure 1.
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Figure 1 ERD / Relationships diagram
Figure 1 presents the EcoRide ERD in Access, showing entities, key fields, and 1-to-many cardinalities. Stations appears twice (Stations and Stations_1) because Rentals references the Stations table twice: StartStationID and EndStationID.

[bookmark: _Toc219483811]Implementation 
The tables were implemented with Microsoft Access using the table Design View to define fields, data types, and primary keys. Relationships were then created using the Relationships tool to enforce referential integrity across the Database. Unique constraints were applied to the key identifiers such as the RiderCardNo and SerialNumber to prevent the occurrence of duplicate records. 
Figure 1 shows the implemented relationships as a logical ERD, in Access. The end station relationship appears as Stations_1 in Access, which is an alias created to represent a second link to the same table. Referential integrity is enforced on the main foreign key relationships, ensuring that a rental cannot reference a rider, bike, or station that does not exist. The rentals table supports active rentals by allowing the EndStationID and EndDateTime to be stored as null until a bike is returned by a rider.  
· Primary Keys: Each table uses AutoNumber primary key to ensure records remain uniquely identifiable. For example, RiderID, BikeID, RentalID
· Data Types: Date and Time fields were stored using the Date/Time data type, ones that made use of this were, StartTimeDate, EndDateTime, and MaintenanceDT. Additionally rental costs made use of the Currency data type to support accurate money values.
· Unique indexes: Access indexes were used to prevent duplicates of key identifiers, including RiderCardNo in Riders table and SerialNumber in the Bikes table. 
· Referential integrity settings: Relationships were created with Enforce Referential Integrity enabled. Cascade Update was enabled however Cascade Delete was not enabled to prevent accidental data loss. 
· Active rentals support: EndStationID and EndDateTime were configured as optional (nullable) so that rentals can exist while the bike is still out on hire.  

[bookmark: _Toc219483812]Sample Data
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Figure 2 Sample data in the Stations table 
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Figure 3 Sample data in the BikeTypes table 
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Figure 4 Sample data in the Staff table
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Figure 5 Sample data in the Riders table
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Figure 6 Sample data in the Bikes table
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Figure 7 Sample data in the Maintenance Log table
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Figure 8 Sample data in the Rentals (Transactions) table
[bookmark: _Toc219483813]Queries and Results 
This section presents the saved queries that were created in Access to demonstrate that the database supports the operational tasks asked of it. Each query is shown with its output. 
Q1_ActiveRentals
[image: ]
Figure 9 Q1_ActiveRentals - active rentals (EndDateTime is Null)
This query lists rentals where EndDateTime is null, indicating the bike has not yet been returned.

Q2 Available bikes at Station
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Figure 10 Q2_AvailableBikesAtStation - available bikes at a selected station
This query filters bikes by station and condition status to show bikes available for hire at a specific location.
Q3 Maintenance for a bike 
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Figure 11 Q3_MaintenanceForBike - maintenance history for a selected bike
This query joins Bikes, Maintenance Log, Staff, and Stations to display the maintenance history for a specific bike.
Q4 Rentals Per Bike
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Figure 12 Q4_RentalsPerBike -number of rentals per bike
This query groups rentals by bike and counts how many times each bike has been rented. 



Q5 Completed Rentals with Duration 
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Figure 13 Q 5_CompletedRentalsWithDuration - completed rentals with calculated duration
This query filters completed rentals (EndDateTime not null) and calculates duration in minutes using the start and end date/time.
Q6 Total Spend by Rider 
[image: ]
Figure 14 Q6_TotalSpendByRider - total spend per rider
This query groups rentals by rider and sums the Cost field to show total customer spend.

[bookmark: _Toc219483814]Validation and Testing
Validation testing was conducted to confirm that the key constraints and relationships were enforced correctly in Microsoft Access. The database was tested for uniqueness constraints, to prevent duplicate identifiers, referential integrity to prevent orphan records. And to support for active rentals where details would not be known until the bike is returned. Screenshots are also provided as evidence of each test outcome. 
	Test Description 
	Expected Results 
	Actual Result 
	Pass/Fail

	Attempt to insert a duplicate serial number in Bikes (e.g. ER-AB-0001)
	Insert rejected due to unique index 
	Access displayed a duplicate value error and prevented the insert (Figure 15)
	Pass

	Attempt to create rental using a non-existent BikeID (e.g. 999) 
	Insert rejected due to referential integrity 
	Access prevented the insert and reported a related record is required in Bike (Figure 16)
	Pass





	Create an active rental with EndStationID and EndDateTime left blank (Null)
	Record saves successfully and remains active
	Record saved successfully with end fields left Null after ensuring EndstationID had no default value of 0 (Figure 17)
	Pass 
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Figure 15 duplicate serial number error
[image: ]
Figure 16 BikeID 999 referential integrity error 
[image: ]
Figure 17 active rental saved with null end fields
These tests conducted demonstrate that the implemented constraints help to reduce data entry errors and maintain data integrity. In particular, enforcing uniqueness on bike serial numbers prevents duplicate fleet records, and referential integrity ensures that rentals cannot reference riders, bikes, or stations that do not exist. Allowing null end fields ensures that the database can represent rentals that are still in progress, which is needed for operational queries such as listing active rentals by riders. 
[bookmark: _Toc219483815]Reflection 
This coursework demonstrated how a relational database can be designed and implemented to support a company like EcoRide in a real operational scenario. A key design decision was to normalise the database by separating concepts into dedicated tables, for example Stations and BikeTypes and recording maintenance taken place into a separate Maintenance Log table rather than storing “maintenance history” as a single field. This improves consistency and avoids repeating groups, while also making the database easier to query and maintain. Implementing referential integrity in Access helped prevent invalid data entry, such as rentals referencing non-existent bikes or riders. An important implementation detail was ensuring that EndStationID and EndDateTime were nullable so the system could represent active rentals, resolving the default value issue (0) ensured that blank end fields could be stored without breaking referential integrity. Overall, the final database supports the required operational queries and provides a clear foundation for future improvements, such as automatically updating bike location and availability when a rental is returned, adding pricing rules, or tracking battery charge levels.  
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Appendix A: Initial table plan (early draft)
This appendix contains the initial table plan created at the start of the assignment. It shows the first draft of the intended tables and fields before the design was refined and normalised into the final relational schema implemented in Microsoft Access.
Assignment 2- Design and Implementation of a Relational Database System (Eco Ride Tables)
Riders Table
-Rider ID
-Name
-Phone/Email

Bike Table
-Bike ID
-Type 
-Condition 
-Location 
-Maintenance history  

Rental Table
-Transaction ID 
-Rider ID 
-Rental Date 
-Return Date 
-Duration 
-Cost
 
Staff Table
-Staff ID 
-Name
-Role
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