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Design and Implementation of a Relational Database System
[bookmark: _Toc219661834]Introduction
This report presents the design and implementation of a relational database for the company, EcoRide, a rental electric bike company that operates across the United Kingdom. The purpose of the database is to allow structured and reliable storage and management of data, subsequently enabling effective processing and analysis to support daily service needs.
The database has been designed to manage crucial parts of the EcoRide system, which includes, registration of riders, management of electric bikes, and the recording of rental and maintenance activities. Sensitive information such as the contact details and names of riders and staff members is stored securely to allow for identification and communication, all the while records of bikes are maintained to track their current condition, location and availability. Maintenance records are linked between staff members and bikes to ensure proper servicing is facilitated and monitored.
The system also records all rental transactions between the riders and bikes, including key information such as rental and return dates. This allows EcoRide to monitor patterns, such as the usage of bikes within a specific area or simply to identify which bikes are currently in use to provide valuable operating reports. In combination these features provide an encompassing data management solution which supports efficient and accurate operations.
[bookmark: _Toc219661835]Scenario Overview
EcoRide is a bike rental business that operates using a network of bike stations which provide bikes to riders and allow them to be docked and locked securely. These stations are located in easily accessible public areas to ensure a wide range of people can use them. To rent a bike, a rider will scan their ID at a station, take a bike, and when they’re finished returns it to any other station in the area.
There are numerous types of data a company with this operating model must store, manage and analyse to operate efficiently. This includes staff and rider contact information, tracking which bikes are currently in use and which are available, monitoring the condition of bikes to determine when maintenance is required and recording the interactions between riders, staff and bikes. 
EcoRide currently experiences significant difficulty when it comes to managing this information because all data is currently recorded physically using paper forms and basic spreadsheets. This makes it difficult to find accurate, up-to-date information. Meaning EcoRide rarely has a clear view of which bikes are available, in use or in need of repair. As a result, problems arise such as double bookings, unreturned bikes and poor reporting which is detrimental to the business. 
Implementing a digital relational database will allow EcoRide to efficiently track riders, bikes, rentals and maintenance activities. Additionally, EcoRide will be able to run queries and reports to quickly locate key information to support faster, more decisive decision making.
[bookmark: _Toc219661836]System Analysis 
[bookmark: _Toc219661837]Entities
For the database to be effective eight entities were created (tables) to store EcoRide’s key information. These entities include: 
Bike
The Bike entity contains information on EcoRide’s physical bicycles. It stores each bike’s location, status of availability and condition. This data is imperative to the business’s operations as it provides an efficient, streamlined way of monitoring any bike at any time. 
Location
The Location entity stores information on each EcoRide docking station. It contains each location’s address, postcode and name. This table allows locations to be easily found and identified, simplifying the process when locating specific bikes for maintenance, for example.
Maintenance
The Maintenance entity stores information of each maintenance instance. It contains information about which bike was repaired/maintained, which staff member performed the maintenance, the date and type of maintenance, for example, tyre replacement or spoke repair. This entity holds staff accountable and ensures bikes are safe for the public to use with clear records of repair. 
Rental
The Rental entity records information of each rental transaction between bike and rider. Made up of information on the rider renting, which bike is being rented, the rental and return dates. This entity clearly connects a specific bike to a specific rider, helping prevent double bookings. Additionally, the return date data allows EcoRide to view if/when bikes return to the designated docking station, helping to identify unreturned bikes. 
Rider
The Rider entity stores the data of each EcoRide customer. It consists of the rider’s first name, last name, email address, phone number, date joined, and a RiderIDNumber which represents an external form of identification that’s used when a particular rider scans their card or account at one of the EcoRide stations. The rider entity allows EcoRide to contact riders in case anything goes wrong with the bike or if any other problems arise. 
Staff
The Staff entity records the essential information of each EcoRide staff member. It includes their first name, last name, phone number and email address. The staff entity allows EcoRide to contact staff members efficiently to alert them of any maintenance issues or other issues. 
BikeCondition / BikeStatus
Both BikeCondition and BikeStatus entities serve a very similar purpose, they each store a set of allowed condition or status values. The condition/status name fields are prefilled with allowed values and are connected to the Bike entity and work as dedicated lookup table entities. This helps prevent inconsistencies as it ensures each input of a bike’s condition and status is understandable and clear.
[bookmark: _Toc219661838]Relationships
Rider <-> Rental 
The Rider entity shares a relationship with the Rental entity. One rider can make many rentals throughout the course of them using the EcoRide service however each rental can only be associated with one rider.
Bike <-> Rental
The Bike entity shares a relationship with the Rental entity as one bike can be rented many times, however only one bike can be involved per rental. 
Bike <-> Location
The Bike and Location entities share a relationship. One location can hold many bikes. However, one bike can occupy only one location.
Bike <-> Maintenance
The Bike and Maintenance entities share a relationship; one bike can have many records of maintenance; however, one record of maintenance can be related to one bike. 
Staff <-> Maintenance
The Staff and Maintenance entities share a relationship; one staff member can carry out numerous maintenances; however, one maintenance cannot be carried out by multiple staff members. 
Bike <-> BikeStatus/Condition
The Bike and BikeStatus/Condition entities share a relationship. One status/condition can apply to many bikes; however, one bike can only have one status/condition.
[bookmark: _Toc219661839]Entity Relationship Diagram (ERD)
An ERD has been created to aid in database design by creating a visual representation of each entity and their relationships, which is useful in understanding EcoRide’s data requirements. 
Figure 1: Entity Relationship Diagram for the EcoRide database 
[image: ]
The diagram shown in Figure 1 was designed using Chen notation, meaning entities are represented by rectangles, attributes by ovals and relationships by diamonds and connecting lines. The cardinality of relationships is defined using either 1 (one) or m (many) at each end of the relationship line. Primary keys are highlighted by underlining the text within the corresponding attribute. 
Certain entities, such as rental and maintenance act as associative entities that resolve and store interaction data between the Rider <-> Bike and Bike <-> Staff relationships. These are essential parts of the database as without them many <-> many relationships would exist between the previously mentioned entities.
The BikeStatus and BikeCondition entities exist to act as look up tables. They restrict allowed values which improves consistency and data integrity. 
[bookmark: _Toc219661840]Normalisation
Normalisation is the practice of organising database data efficiently to reduce redundancy and in turn prevent update, insertion and deletion anomalies [1].
[bookmark: _Toc219661841]First Normal Form (1NF) 
In compliance with First Normal Form (1NF) each field must store only one value with no lists or repeating groups, tables should not include repeating columns, and each record (row) should be uniquely identifiable. EcoRide’s system complies with these rules; rider information is stored in separate fields, bike data contains no grouped or repeated values, rental records store one rental per row, and maintenance records store one maintenance instance per row. 
[bookmark: _Toc219661842]Second Normal Form (2NF) 
For a system to satisfy Second Normal Form (2NF), it must first already be in First Normal Form (1NF), all non-key attributes must depend on the primary key and there should be no partial dependencies. EcoRide’s system complies with these rules; each table uses single-attribute primary keys ensuring partial dependencies cannot exist. 
[bookmark: _Toc219661843]Third Normal Form (3NF) 
For a system to satisfy Third Normal Form (3NF), it must already be in Second Normal Form (2NF) and have no transitive dependencies, meaning non-key attributes cannot depend on other non-key attributes and must depend only on the primary key. The EcoRide system avoids transitive dependencies by storing bike condition and status in separate lookup tables, storing location details separately from bikes, and keeping maintenance and rental data separate from descriptive data [1]. 
Table Structure and Relationships
Database tables were designed using Microsoft Access, a relational database management system (RDBMS). Each table represents one of the previously discussed entities found within the system analysis and Figure 1. Entities include relevant attributes, and each attribute is assigned an appropriate data type, such as long/short text, number, date/time and auto number. Clear data types are important for data integrity and help prevent incorrect inputs and improve query design. 
Primary keys are assigned to each table and are used to uniquely identify records. Relationships are created between tables in Access. Every relationship is one-to-many, reflecting the business rules. Foreign keys are an essential part of these relationships as they’re used to link tables, for example Riders <-> Rentals. Between each table, referential integrity is enforced preventing orphan records from being created. This ensures related data remains consistent throughout the database. 
Figure 2: Relationships between tables in the EcoRide database
[image: ]
[bookmark: _Toc219661844]Validation Rules 
Validation rules were implemented in specific entities or fields to restrict invalid data entry and subsequently improve data quality [2]. 
Required and indexed fields were also enforced where appropriate. Here are a few examples of implemented validation rules: 
Figure 3: Table-level validation rule applied to the Rental table
[image: ]
Ensures that if a bike has not been returned, the “ReturnDateTime” field remains blank. Alternatively if a return date is entered it must be on or after the rental date.
Figure 4: Field-level validation rule applied to the MaintenanceDate field
[image: ]
Ensures dates entered cannot be in the future. Field is also marked as required, meaning data entry is mandatory and cannot be left blank. 
Figure 5: Field-level validation rule applied to the RiderIDNumber field
[image: ]
Ensures data entry cannot be below 4 characters or above 20, data entry is required and is indexed with no duplicated meaning no entry can be the same. 
[bookmark: _Toc219661845]Sample Data 
Sample data was added to all tables and reflects realistic use cases for example, the staff table was filled with phone numbers, first/last names and emails. Data was used to test relationships and queries effectively.
Figure 6: Example of sample data populated in the Staff table
[image: ]
[bookmark: _Toc219661846]Query Design and Testing
Queries were designed within Microsoft Access to extract useful information from the database, supporting operational tasks such as monitoring rentals or tracking bike availability. The queries were created to answer key business questions related to usage, availability and maintenance. Queries were tested using the populated sample data to ensure accurate, reliable results.
[bookmark: _Toc219661847]Core Queries 
Figure 7: Query design showing bike availability by location
[image: ]
Figure 8: Query results showing bike availability by location 
[image: ]
The query displays bikes currently available and includes location information. The query uses joins between the Bike, Location and BikeStatus tables and filters bikes where status is ‘Available’. This helps staff identify available bikes, improving decision-making and visibility of resources. The query was tested using sample data and returned accurate results, as shown in Figures 7 and 8.
Figure 9: Query design showing bikes currently out on rental
[image: ]
Figure 10: Query results showing bikes currently out on rental
[image: ]
This query was designed to identify bikes that are currently out on rental. It uses data collected from the Rental and Bike tables and filters records where the return date is null. This indicates the bike has not been returned, allowing staff to monitor active rentals efficiently and identify bikes that are currently unavailable. The query was tested using sample data and returned accurate results as shown in Figures 9 and 10.
Figure 11: Query design showing rental history for a specific rider 
[image: ]
Figure 12: Query results showing rental history for a specific rider 
[image: ]
This query allows staff to view the rental history of a specific rider. It uses a parameter prompt that requests a RiderIDNumber and returns details of all rentals connected with that rider. This supports customer service resolution by providing a clear record of past rentals. The query was tested using sample data and returned accurate results as shown in Figures 11 and 12.
[bookmark: _Toc219661848]Non-Core Queries
Figure 13: Query design showing bikes due for maintenance 
[image: ]
Figure 14: Query results showing bikes due for maintenance
[image: ]
Figure 15: Query design showing most used bikes
[image: ]
Figure 16: Query results showing most used bikes
[image: ]
In addition to the core queries, further queries were designed and implemented to support data analysis. One query displays bikes due for maintenance based on their condition status. Another query identifies the most frequently rented bike, helping highlight high-usage assets. These queries were tested using sample data and returned expected results. 
[bookmark: _Toc219661849]Evaluation
This EcoRide database system meets the functional requirements outlined in the specification effectively. It provides a robust storage solution for riders, bikes, rentals, maintenance records and staff involvement, thereby enabling accurate tracking of availability, usage and servicing. The system complies with Third Normal Form (3NF) principles and enforces relationships and validation rules, which improves data integrity and significantly reduces the risk of incorrect or invalid data compared to the previous paper-based spreadsheet methods.
The implemented queries help establish the practical usefulness of the database by supporting operational tasks which include monitoring bike availability, tracking bikes out on rentals and reviewing the activities of individual riders. A limitation of the system is its scalability, as it has been designed for a simple scenario. Future improvements could include automated calculations that determine rental duration and its cost, additional reporting features and a more intuitive user interface (UI) for entering data. 
[bookmark: _Toc219661850]Conclusion 
This report presented the design and implementation of a relational database system for EcoRide. The database was designed to efficiently manage riders, bikes, rentals, maintenance records and staff involvement while ensuring strong data integrity through the use of normalisation, relationships and validation rules. Developing practical queries further displayed the usefulness of the database to EcoRide’s day-to-day operational needs. Overall, the database provides a reliable solution that meets the requirements within the assignment specification.
[bookmark: _Toc219661851]Bibliography
[1]
R. Elmasri and S. B. Navathe, “Database Systems SEVENTH EDITION,” Jun. 2015. Available: https://womengovtcollegevisakha.ac.in/departments/Fundamentals%20of%20Database%20Systems%20.pdf%20(%20PDFDrive%20).pdf
[2]
Microsoft, “Restrict data input by using validation rules - Microsoft Support,” Microsoft.com, 2024. https://support.microsoft.com/en-gb/office/restrict-data-input-by-using-validation-rules-b91c6b15-bcd3-42c1-90bf-e3a0272e988d




2

image4.png
Datel]

Maintenance date cannot be in the future.

Yes

No Control

[General

For dates





image5.png
Field Size o5
Format

input Mask

[Caption

Defautt Value

Validation Rule 15 Not Null And Len([RiderIDNumber] Between & And 20
Validation Text Enter a Rider ID Number (4-20 characters).

Required Yes

Jatiow zero Length __[ves

indexed [es (No Duplicates]

Unicode Compression _|tes

IME Mode No Control

IME Sentence Mode [None

Frec atign (General





image6.png
Milly
2 Gian
3 Michael
4 Sharon
5 Marshel
(New)

Veen
Smith
Osbourne
Mathers

07264512321 Mi'l'hons@el
07384625363 GW@email.c
07625349078 MSmithBB25(
07635499782 Sharon59@et
07264900802 MMSim56@e




image7.png
¥ BikelD.
LocationiD.

J

Field: |BikelD. Wi Coctonname Statushame

Table: Bike. Loaation BikeStatus
Sort:
Show:
Citeriz: “Available"





image8.png
2 Piccadilly Circus

7 Natural History Museum
|8 Canary Wharf.
9 Natural History Museum
10 Piccadilly Circus
11 Natural History Museum
12 Natural History Museum
13 Piccadilly Circus
14 Hyde Park
15 02 Arena

Available
Available
Available
Available
Available
Available
Available
Available
Available
Available




image9.png
¥ Rentalld k)
RiderD
BikelD 2L ¥ siked
RentalDateTime b= LocationID
RetumateTime StatusD
Conditionid

<

Field: |BikelD. Wl RenteDateTime | RetumbateTime - |Locationame

Table: Bike. Rental Rental Loation
Sort:
Show:
Citeriz: s il





image10.png
= |RentalDatel v | ReturnDateTime LocationName
b1 o3/01/2026 Natural History Museum
15 07/01/2026 02Arena





image11.png
« —————————————

Field: [RigenDNumber B Frstame LastName. RentalDateTime | RetumbateTime | BikelD. LoaationName

Table: [Rider Rider Rider Rental Rental Bike Loation
Sort: Descending
Show:

Criteria: | Enter Rider 1D Numb]





image12.png
stName v| LastName v |RentalDate’
EC1003] Jorja Harries 03/01/2026 11 Natural History Museum

ReturnDateTime LocationName





image13.png
Field: |BikelD. Wi Coctonname MaintenanceDate

Table: Bike Loaation Maintenance
Totak: | Group By Group By Max
Sort: Ascending
Show:
Criteria:





image14.png
m

10 Piccadilly Circus 04/01/2026

3 Natural History Museum 07/01/2026
8 Canary Wharf 08/01/2026
6 024rena 10/01/2026

9 Natural History Museum 11/01/2026




image15.png
« ——

Field: |BikelD. . IR LoaationName

Table: Bike Rental Loation
Totak: | Group By Count Group By
Sort: Descending

Show:
Criteria:





image16.png
15
1
12
1

3

1024rena
1 Hyde Park

1 Natural History Museum
1 Natural History Museum
1 Natural History Museum




image1.png




image2.png
File  Home Create ExternalData Database Tools Help

E§ X Clearlayout

R:Iaiumshlps

Tools

All Access Obj...@ <

[ Relationship Report

Search... )

Tables ~
Bike

BikeStatus
Location
Maintenance
Rental

Rider

Staff

f

ayhvaiabieBikes
aryBikesCurrentyOut
ayBikesDueForSence
aryMostUsedikes

aryRentalsByRider

Ready

@ [ Hide Table

Tobles B8 Al Relationships
Relationships

Relationships Design

X

aa 8 DiectRelationships cyore

©  Ecoidel : Database- C:A\Uni database\EcoRidel.accdb (Access 2007 - 2016 file format) - Access

£ Tell me what you want to do





image3.png
Property Sheet
Selection type: Table Properties

[Read Only When DisconnectNo.

[Subdatasheet Expanded _[No

[Subdatashest Height [oem

[Orientation Lett to Right

Descrption

Default View [Datasheet

[Validation Rule [ReturnDateTime] s Null Or [ReturDateTime]> =[RentalDateTime]
[Validation Text [Return time must be blank (f the bike is stll o] o after the rental time;
Fiter

[Order sy

[Subdatasheet Name [Auto]

Link Child Fieids’
Link Master Fields
Fiter On Load o
[Order By On Load =





