                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
Design and Implementation of a Relational Database System
ACCA4023
Vivien Tam (2505794) | Introduction to Web and Database Concepts | 12/01/2025

Contents
Introduction	2
Overview	3
Database Design	4
Entity-Relationship Diagram (ERD)	4
Normalisation to Third Normal Form (3NF)	5
Database Implementation	6
Query Development and Analytical Evaluation	8
Validation and System Evaluation	9
Primary and Foreign Key	9
Query Output Validations	9
Functional Requirement Evaluation	9
Conclusion	11
References	11














[bookmark: _Toc218800905]Introduction
Data management is a fundamental requirement for information systems. Either public or private services would involve scenarios where data management is essential and accuracy, accountability and operational effectiveness is key when we are creating, storing and retrieving data. Relational database systems can provide a consistent platform for users.
This report presents the design and implementation of a relational database system for Eco_Ride, an electric bike rental service introduced by the local authority to promote environmentally sustainable transport. This system is decided to store all the data where users can create and retrieve bookings digitally and local authorities can access maintenance records through a data cloud system. The aim of this project is to improve the efficiency of inputting/retrieving data and is to reinforce the idea of paperless systems to help save the planet.
This report has also documented the full database development process including scenario analysis, data modelling, normalization and implementation. In addition, query development and validation will also be included to demonstrate the application of this system to the desired usage.














[bookmark: _Toc218800906]Overview
Eco_Ride provide an electric bike rental service to public in local areas such as parks, train stations and university campuses. This is to encourage the public to choose environmentally sustainable transportation methods over private hire or driving, to reduce the rate of global warming. This would also be a way for the local council to raise funds to improve public facilities. 
All riders must register prior to using the service and the rental bike would have to be taken and taken back to the designated Eco_Ride station to end their hire. Staff members are responsible for conducting regular inspections to bikes to make sure they are safe for public usage and is in line with health and safety guidelines. 
The existing system relies on manual paper records and basic spreadsheets, which makes it difficult to check rental details and has increased chances of error such as duplicate bookings or incomplete tracking records. These issues have increased the difficulties on producing a reliable usage summary. These limitations have urged the local authority to use a centralised and digitalised method to store date, providing a clearer picture of rental status, transactions and monitor maintenance.















[bookmark: _Toc218800907]Database Design
A systematic analysis of the purpose of a new database has been conducted to identify the entities and attributes required for the design that could meet the functional requirements. After research, the belo0w entities are essential for this database:
· Rider, representing individuals registered to use the service
· Bike, representing the electric bikes available for rental
· Rental, representing individual rental activities
· Staff, representing employees responsible for inspections and servicing
· Maintenance, representing service and inspection records
Each entity was assigned a primary key to ensure entries have their unique identification. Attributes are also included to reflect real-world requirements and to avoid duplication of data. Different entities can improve the database’s clarity, scalability and consistency within the database.

[bookmark: _Toc218800908]Entity-Relationship Diagram (ERD)
An Entity-Relationship Diagram (ERD) was produced to visually represent all the entities and attributes I have included in the database. It is also reflecting all the relationships between entities [1]. The ERD included all primary keys, foreign keys and relationships.   
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Fig 1- Entity-Relationship Diagram (ERD)
The key relationships include:
· A one-to-many relationship between Rider and Rental, as a rider may complete multiple rentals
· A one-to-many relationship between Bike and Rental, as each bike may be rented multiple times
· A one-to-many relationship between Bike and Maintenance, reflecting repeated servicing
· A one-to-many relationship between Staff and Maintenance, as staff members may service multiple bikes
This structure maintains referential integrity while guaranteeing the traceability of maintenance and leasing activities.

[bookmark: _Toc218800909]Normalisation to Third Normal Form (3NF)
This database was designed to normalised to a Third Normal Form(3NF) to minimise redundancy and to prevent data anomalies. According to Connolly and Begg [2], normalisation is a systematic process used to ensure that each attribute only depends on just the key itself. By normalising the data to a Third Normal Form ensures that any transitive dependencies are removed, which could improve data integrity within the relational database [3] [4].
Prior to producing a Third Normal Form, the process was applied as per below:
· First Normal Form (1NF): All attributes contain atomic values, and repeating groups were removed
· Second Normal Form (2NF): All non-key attributes are fully functionally dependent on the primary key
· Third Normal Form (3NF): Transitive dependencies were eliminated by separating related data into distinct entities
For example, Bikes information was stored in a dedicated bike table rather than embedded within the maintenance record. This way, we can improve consistency and simplifies the design of a table and to ensure any updates and changes will only have to be made in one location of the database.




[bookmark: _Toc218800910]Database Implementation
The database was designed using Microsoft Access. This software is suitable for entry level database designs to support visual design and query testing. Tables on Microsoft Access were created in accordance with the designed ERD, with all the included entities and attributes showing on the tables.
Primary keys were applied to enforce the uniqueness of data and foreign keys were used to maintain referential integrity between different tables. Relationships were created between different sets of tables to limit creation of any invalid records, such as rentals without associated riders or bike.
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Fig 2-Rental Table
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Fig 3-Bike Table
[image: ]Fig 4-Maintenance Table
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Fig 5-Staff Table
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Fig 6-Rider Table 
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Fig 7-Relationships

[bookmark: _Toc218800911]Query Development and Analytical Evaluation
After the database has been created, a series of structured queries were developed to demonstrate the operational and analytical capabilities. Queries could provide meaningful information for users when users address a specific operational requirement [5], while the database could transform its stored data to answer the specific query that users set up.
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Fig 8-Query of cost of rental accumulated on each bike
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Fig 9-Query of bike types and status of each bike
[bookmark: _Toc218800912]Validation and System Evaluation
Validation and System Evaluation were conducted to check the functionality requirements and to verify the integrity of its structure.
[bookmark: _Toc218800913]Primary and Foreign Key
Primary and foreign keys were tested by attempting to inset invalid records, such as rental activities without assigning bikes or riders. The system has correctly prevented these actions by sending user an error message, prompting users to check their input prior to submitting data.
[bookmark: _Toc218800914]Query Output Validations
Each query was run by using the populated sample set. The results were cross-checked against the underlying table to ensure accuracy and consistency.
[bookmark: _Toc218800915]Functional Requirement Evaluation
The database was evaluated against functional requirements. Relationships between tables were confirmed to be valid prior to being set up. When a invalid relationship was selected across table, a warning will appear on Microsoft Access to notify user that the relationship could not be set up. This is to ensure all relationships are functionable and is correlating between tables.
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Fig 10-Invalid relationship set up

In addition to confirm that all required entities and relationships were set up correctly, specific validation rules were placed on validating data accuracy and integrity.
During rider registration, phone number is required for setting up the account. A validation rule of “Len([ContactNumber])=9” has been included to ensure user is inputting the correct number of digits to conclude their phone numbers. When less or more than 9 numbers have been inputted, a validation text “Please enter 9 digits for the phone number” would appear on screen to remind users of the rules. This approach has reduced the likelihood of error data stored in the database while improving the overall data quality.
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Fig 11-Validation rules implementation

Reflection and Future Enhancements
During the design phase of this database the key challenge was to balance the completeness with simplicity. It was vital that there were careful considerations to ensure all the needed entities and attributes were included to ensure the accuracy of data capture while having all essential information for the database to avoid unnecessary complexity. During implementation, particular attention was also given to validation rules and incorrect data entry was frequently flagged up during early testing.
Further enhancements could include the expansion of reporting features and possibly integrating this database with a web-based interface. This could further enhance the real-life usage and could reflect real-time functionality.

[bookmark: _Toc218800916]Conclusion
This project has demonstrated a systematic design and implementation of a relational database system for Eco_Ride electric bike rental scheme. With the structured scenario analysis, normalising data and practical implementation in Microsoft Access, the system has reflected the limitations that we could have if we remain in the manual approach.
The inclusion of purpose-driven, tested queries has reflected that the database is operational. Overall, this project has evidenced a strong understanding of relational database principles and the application to a real-life scenario.
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