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In their recent sustainable transport initiative EcoRide, local authorities have looked to provide an electric bike rental service to encourage the community to reduce their carbon footprint. In its current form, the scheme has experienced issues with tracking the availability of its bikes, owing to management’s reliance on inadequate record keeping systems and data entry protocols. In addition, bike maintenance needs are only tracked informally. This exposes users to potential safety risks if equipment should fail and presents the authorities with PR, legal and financial risk should any users get injured as a result of negligence in the maintenance of the e-bikes.  

The following report outlines the proposed design and implementation of a relational database solution to the problems listed above. It aims to create a system to properly record and track rental transactions, as well as current bike locations and service requirements. This should serve as a means to streamline the initiative’s operations, prevent issues like double-booking and improve the overall safety and user experience for the service. 
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In looking to create a solution to EcoRide’s current issues, the first step in the design process was to identify the relevant entities for the bike share initiative. According to Connolly & Begg [1], an entity can be defined as “a distinct object (a person, place, thing, concept, event) in the organization that is to be represented in the database.”. Furthermore, these entities can be broken down and described by specific attributes (name, date of birth, contact details etc.). Below is a list of entities and attributes most relevant to EcoRide and their current needs. 

	Entity
	Attributes

	Bike
	· bikeID (pk)
· bikeType
· condition
· location

	Rider
	· riderID (pk)
· firstName
· lastName
· contactNumber
· email

	Transactions
	· transactionID (pk)
· startDate
· returnDate
· cost

	Maintenance 
	· maintenanceID (pk)
· date
· description 

	Staff
	· staffID (pk)
· firstName
· lastName
· contactNumber
· email








Relationships
With the above entities and attributes identified it was vital to also analyse the relationships between these entities, in order to ensure that the final database structure supports the relevant business operations and meets the functional requirements. The following relationship types were found for the EcoRide database project: 
Rider to transaction (One-to-Many)
Each rider can place multiple transactions; however, each transaction is always associated with only one rider. 
Bike to transaction (One-to-Many) 
Each bike can be associated with multiple transactions, but each transaction can only be associated with one bike.
Bike to maintenance (One-to-Many) 
Each bike will have multiple instances of recorded maintenance, but each maintenance record is related to a single bike. 
Staff to maintenance (One-to-Many)
Each member of staff can service multiple bikes; however, each record of maintenance is associated with one member of staff. 
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Once the relevant entities, attributes and relationships were established, a Chen Entity-Relationship Diagram was created [2], utilising appropriate and logical key words to represent the nature of the relationships.  

[image: ]
Fig. 1. An Entity-Relationship Diagram representing the entities, attributes and relationships relevant to the EcoRide database project.

Data Structure 
Below is the design view of the five entity tables created for the EcoRide project. This outlines the attributes detailed above, as well as their corresponding data types. Note that the “contactNumber” fields in Fig. 4 and Fig. 5 have a datatype of Short Text. This was implemented to ensure data integrity, as contact numbers begin with a leading “0”, which is removed in MS Access if the data type is set to Number. Failure to account for this could pose a potential risk to management and decision-making moving forward with the project [4].


[image: ]
Fig. 2. Design view for “Bike” table.
[image: ]
Fig. 3. Design view for “Maintenance” table.
[image: ]
Fig. 4. Design view for “Rider” table.
[image: ]
Fig. 5. Design view for “Staff” table.
[image: ]
Fig. 6.  Design view for "Transactions” table.



Relationship design

[image: ]
Fig. 7. Design view showing the relationships between entities, with primary keys also being used as foreign keys in related tables.
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In addition to creating the structure above, relevant data constraints were included to ensure complete and accurate data entry as well as data integrity between related tables [3]. These serve to ensure that required fields such as foreign keys are not left blank (see Fig. 8) and that certain fields follow a specific/ valid format e.g. dates, email addresses and contact numbers. 
[image: ]
Fig. 8. Validation rule used to ensure that the staffID field is not left blank.
[image: ]
Fig. 9. Validation rule for contact numbers, ensuring the correct number of digits.
[image: ]
Fig. 10. Validation rule for maintenance date, ensuring that a future date cannot be added. 
[image: ]
Fig. 11. Validation rule ensuring the correct formatting for email addresses.

In addition to these validation rules, some fields require the use of specific information (such as bike model, condition and location) to ensure consistency and data integrity. In these instances, a lookup wizard was implemented to provide the user with discrete options, reducing the risk of invalid data entry (see Fig. 12).
[image: ]
Fig. 12. Example of data entry using lookup wizard to provide specific, discrete options for bike locations.
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A project of this scale will likely be required to manage a large amount of data, and this can present significant challenges in terms of data redundancy, update anomalies and dependency issues should the design fail to comply with normalization standards [5]. Rather than collecting all of the data in a single table, the entities have been separated and linked via their relationships to one another as outlined above. According to M. Demba (2013) [6], the objective of this process is to isolate the data, enabling the user to perform updates (additions, deletions etc.) in one table which can then be propagated to the rest of the database via the established relationships. Normalization has various levels, each with their own specific criteria which needs to be meet. These are as follows: 
First Normal Form (1NF)
For a table to be considered 1NF, the data entered in each field must be atomic, meaning there cannot be more than one entry per field [5]. The EcoRide database system complies with this requirement, as no field has the scope to contain multiple instances of data entry per row. 
Second Normal Form (2NF)
In addition to being in 1NF, all non-key attributes in the database are functionally dependent on the primary key. This means that each instance of any of these attributes are only associated with a unique instance of the primary key [2]. Therefore, the proposed system also meets the criteria for 2NF.
Third Normal Form (3NF)
Finally, the EcoRide database solution has been normalized to 3NF. This means that, whilst the criteria for 2NF have been met, there are also no transitive dependencies. According to C. Ricardo (2002) [7], “…a transitive dependency exists when a nonprime attribute determines another nonprime attribute.”. For example, in Fig. 2, if maintenanceID and maintenanceDate were included, then maintenanceDate, being linked to maintenanceID, would also have a transitive dependency on bikeID . Reviewing Fig. 2 – Fig. 7 there are no attributes that depend on anything other than the primary key and thus the tables cannot be broken down further. 
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In order to test the functionality of the proposed database system, sample data was utilized to represent a realistic scenario, populating the tables with examples of rider details, transaction records, bike tracking, staff information and maintenance records. 

[image: ]
Fig. 13. Example of sample data implemented in the Bike table. 
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The use of sample data also allows for the testing of commonly required queries, ensuring that the relevant information can be retrieved and displayed during the regular operation of the bike share initiative. Below are some examples of queries that provide commonly sought-after information from key stakeholders in the EcoRide scheme. 

[image: ][image: ]
Fig. 14. Query for bike availability.

[image: ]
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Fig. 15. Query for bikes currently in use. 
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Fig. 16. Query for last repair date on bikes.

[image: ][image: ]
Fig. 17. Query for bikes reported as being in poor condition.
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[image: ]
Fig. 18. Query for rental duration.


[image: ][image: ]
Fig. 19. Query for bikes currently in the repair shop.
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Fig. 20. Query to monitor regular maintenance checks (every 90 days). 
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Finally, to improve the overall user experience of the EcoRide system, data forms have been created for each table to present a cleaner and more professional looking interface for users to interact with. 

[image: ]
Fig. 21. Example of a data entry form for the “Bike” table. 
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In order to evaluate the effectiveness of the proposed database system, we must first review the main challenges that EcoRide currently faces. As established in the scenario analysis, EcoRide’s current model has resulted in limited visibility for bike availability and maintenance issues, resulting in double bookings and potential safety risks. The lack of general consistency in record keeping has also led to difficulties in managing the overall operation.
The proposed design tackles these issues in several ways. Firstly, having identified the necessary entities, attributes and relationships, the overall structure of the relational database system serves to provide a clear format for record keeping which should improve operational efficiency and reliability. In addition to this, having the database normalized to 3NF reduces dependency issues and data redundancy [1].
The system applies various constraints and validation rules to prevent invalid or incomplete data entry. For example, Fig. 21 and Fig. 22 show the error messages received when attempting to leave fields blank or add an invalid date for recording maintenance. 

[image: ] 
Fig. 22. Error message returned when leaving contact number blank during data entry for Rider table.

[image: ]
Fig. 23. Error message returned when entering a future date in the Maintenance table. 

To address the visibility of bike availability and double-booking issues a filter has been applied to the bikeID field on the transaction form so that bikes that are currently in use or being repaired are removed. This leaves only the available bikes as options for the user to rent (see Fig. 24). As this form is only for initial data entry at the start of the rental duration, this does not conflict with completing the final transaction as the entry can simply be updated to reflect the return date and final cost. The inclusion of commonly used queries is also beneficial to the aim of increasing overall visibility of data and the set of queries can be further expanded upon as more needs are identified throughout the operation of the EcoRide initiative.

[image: ]
Fig. 24. The Transactions form provides a dropdown menu with only the available bikes, removing those that are “In Use” or at the “Repair Shop”.

One minor challenge that was faced during the implementation of this system was a conflict between the validation rules and the creation of the data entry forms. Initially, “Submit” and “New Entry” buttons were meant to be added to improve the user interface, however, when trying to add these in MS Access the following error message was received (See Fig. 25). A workaround was attempted; however, it required significant portions of VBA code which is beyond the scope of this project. This issue does not affect the functionality of the system but is a potential area for improvement for future revisions.  

[image: ]
Fig. 25. Error message received when adding buttons to data entry form.

As outlined above, this proposed database solution meets the core functional requirements for the EcoRide initiative, however, only basic data for each entity would be recorded. Further iterations may look to include more attributes for record keeping purposes, should the management team require.
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In conclusion, the proposed database system for the EcoRide initiative provides a workable solution to the current operational challenges experienced by the management team. It provides a clear and consistent structure for recording and tracking bike rentals, bike availability and maintenance needs. Several features have been added to improve the usability of the system, including simplified data entry forms and common queries. Overall, the implementation of this design should offer a significant improvement over the current system of paper forms and basic spreadsheets. 
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