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[bookmark: _Toc214128440][bookmark: introduction]Task – 1
[bookmark: _Toc214128441]Introduction
Urban mobility has been developed as a worldwide requirement to cut down the traffic congestion, air pollution and carbon emission in the contemporary cities. Electric bike rental schemes are becoming considered as successful micro-mobility interventions that can support the use of other transportation means as well as that which encourages environmental sustainability. The EcoRide project is a perfect example of such a sustainable change as it offers its users the experience of affordable electric-powered bicycles in strategic points of large cities. Although EcoRide has good environmental and social advantages, its operational efficiencies are limited by the fact that it still depends on manual data management systems like spreadsheets and even paper forms. Such outmoded practises lead to a lack of uniformity and redundancy of records and problems of tracking rentals, maintenance, and returns. 
A relational database system (RDBMS) is an effective and stable method of dealing with the information of EcoRide. Relational models manage information in interconnected tables and provisions the establishment of ties between objects and their integrity restrictions [1]. EcoRide can automate the daily in its operations by introducing a relational database system on MySQL Workbench through which daily routine activities can be automated thereby avoiding redundancy as a result of normalisation as well as by enabling real time visibility of its inventory and customer operations. The solution is consistent with the fundamental tenets of data independence, data integrity, and scalability that were described in the relational model by Codd [2].
The system analysis, conceptual modelling using Entity-Relationship (ER) model, normalisation to Third Normal Form (3NF), and implementation into SQL are all part of the database development process. The phases play a part in implementing logical integrity and operational resilience. Moreover, the system has elaborate analytical queries to create management insights, e.g., most-rented bikes, high-frequency riders, or in-need-of-maintenance, which may facilitate the decision-making and optimising of resources [3]. The overall objective is to improve control of operational processes of EcoRide, increase the quality of its data and create the platform that would be used in future integration with web-based interfaces and mobile applications.
[bookmark: _Toc214128442][bookmark: scenario-overview]Scenario Overview
EcoRide is an electric bike rental company that is present on university campuses, railroads, and urban parks. The major problem of operation in the organisation is its ability to manage well its interlocked processes regarding bike registration, enrollment of the riders, rentals, and maintenance scheduling of the bikes without duplication of data and human error. There exists no concerted database, and in the absence of such, the staff will not be able to know the locations of bikes available, rented or in service thus failing in its management and voiding customer satisfaction.
In solving these problems, the following database design is proposed to tackle them with five major entities, namely, Riders, Bikes, Rentals, Maintenance, and Staff. Each entity is a physical object or process of the ecosystem as provided by EcoRide and the connexions between entities are determined using primary and foreign keys. Adopting this relational model guarantees consistency, scalability in the future, and inability to retrieve data using structured queries. This is because structured data modelling is vital to the modern business systems, where Coronel and Morris [4] opine that it not only facilitates the storage of information in an efficient manner but also helps the business to generate operational intelligence.
Switching to a relational database will save EcoRide auto-magic, the ability to trace, and data to enhance decision-making. The digital transformation sustains bigger sustainability goals and enhances operations governance and service provision.
[bookmark: _Toc214128443][bookmark: X53fbf85a3bae5c5c4d3ecffb070630cd9b4f65f]System Analysis and Entity Identification
[bookmark: cardinality-summary]The EcoRide case was analysed systematically to find out essential data entities, their attributes and logical relationship that forms the structure of the database. The entities were based on operations found in the real world so that each data object is related to a real component of the rental service. The following are the identified entities with their attributes:
· Riders: RiderID (PK), Name, ContactNumber, IDNumber.
· Bikes: BikeID (PK), Type, Condition, Location, Status.
· Rentals: RentalID (PK), RiderID (FK), BikeID (FK), RentalDate, ReturnDate, Cost.
· Maintenance: MaintenanceID (PK), BikeID (FK), StaffID (FK), ServiceDate, Description.
· Staff: StaffID (PK), Name, Role, Contact.
These entities have inclusive coverage of the renting life cycle, including customers enrolling with the group, tracing bikes and maintenance history, as well as staff responsibility.
The networks created among entities increase the accuracy of data and performance. A Rider is able to complete several Rentals, and a Bike is able to function in a variety of Rentals and Maintenance processes. Likewise, there is the opportunity to have many (1:N) relationships between the schema in that each Staff member may service several Bikes. Such a design is based on the views of Chen about the topic of Entity Relationship (ER) modelling as the process that tends to focus on the clarity and semantic correctness of the data in the model [5]. Normalisation principles have been taken into account in the analysis since there was a need to reduce redundancy and the management of the dependencies [6] at all costs. The product of the model produces scalability, effective query processing as well as referential integrity, which is consistent with the industry standard in the relational database design [7]. With this logical structure, the EcoRide system would be capable of giving correct reporting, rapid retrieval of the data, and future integration with the web applications [8].
[bookmark: _Toc214128444][bookmark: entity-relationship-diagram-erd]Entity-Relationship Diagram (ERD)
The conceptual ERD visually represents the structure and relationships between the five core entities.
ERD will show primary keys (PK) and foreign keys (FK) that will establish referential relationships among entities. A relationship promotes integrity requirements, which guarantee sound connectivity between the table of Riders, Bikes, Rentals, Maintenance and Staff. This model allows uniform data flow and provides analytical queries of complexity. The ERD with the assistance of the methodology described by Elmasri [1] secures that the database is designed on the standards of normalisation to enhance efficiency and quality of data management.
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[bookmark: _Toc214128493]Figure 1 Entity Relationship Diagram (EcoRide Database)
[bookmark: _Toc214128445]Database Structure Development (MySQL)
[bookmark: _Toc214128446]Table Creation and Constraints
EcoRide database design was done using MySQL workbench which is an open-source relational database framework that supports data integrity and model. Below, five normalised tables, which include Riders, Bikes, Rentals, Maintenance, and Staff are created and primary and foreign-key constraints are enforced to support entity and referential integrity.
CREATE TABLE Riders (
  RiderID INT PRIMARY KEY AUTO_INCREMENT,
  Name VARCHAR(100),
  ContactNumber VARCHAR(20),
  IDNumber VARCHAR(20)
);

CREATE TABLE Bikes (
  BikeID INT PRIMARY KEY AUTO_INCREMENT,
  Type VARCHAR(50),
  Condition VARCHAR(50),
  Location VARCHAR(50),
  Status VARCHAR(20)
);

CREATE TABLE Staff (
  StaffID INT PRIMARY KEY AUTO_INCREMENT,
  Name VARCHAR(100),
  Role VARCHAR(50),
  Contact VARCHAR(20)
);

CREATE TABLE Maintenance (
  MaintenanceID INT PRIMARY KEY AUTO_INCREMENT,
  BikeID INT,
  StaffID INT,
  ServiceDate DATE,
  Description TEXT,
  FOREIGN KEY (BikeID) REFERENCES Bikes(BikeID),
  FOREIGN KEY (StaffID) REFERENCES Staff(StaffID)
);

CREATE TABLE Rentals (
  RentalID INT PRIMARY KEY AUTO_INCREMENT,
  RiderID INT,
  BikeID INT,
  RentalDate DATE,
  ReturnDate DATE,
  Cost DECIMAL(6,2),
  FOREIGN KEY (RiderID) REFERENCES Riders(RiderID),
  FOREIGN KEY (BikeID) REFERENCES Bikes(BikeID)
  
This relational base of the EcoRide system is created by this SQL script. It is used to guarantee entity integrity, which involves assigns unique values of the primary key, and referential integrity, which involves the creation of foreign-key relationships [9]. The different tables will represent different processes within the rental lifecycle and the foreign-key constraints will ensure consistency in transactions across the related transactions.
[image: ]
[bookmark: _Toc214128494]Figure 2 MySQL Workbench Table-Creation Screenshot
[bookmark: _Toc214128447]Normalisation Compliance (Up to 3NF)
Normalisation eliminates redundancy and dependency anomaly. The eco ride schema is based on the relational theory of normalisation given by E. F. Codd and follows on the first three normal forms:
1. First Normal Form (1NF) -All fields have atomic values which removes duplicating groups.
2. Second Normal Form (2NF) -No non-key attributes are necessarily dependent, other than the primary key.
3. Third Normal Form (3NF) No transitive dependencies; all attributes are based on the primary key of their table.
To illustrate, in Rentals table, the attribute of Cost does not rely on the attributes of RiderID and BikeID, but rather only on RentalID. Reaching 3NF, redundancy is eliminated, and update anomalies are avoidable, which enhances the efficiency of queries and storage utilisation [10]. The outcome is a concise and logically organised construction that can be used in real-time analytics.
[bookmark: _Toc214128448]Sample Data Population
Sample records were inserted to test table relationships and data retrieval accuracy:
	RiderID
	Name
	ContactNumber
	IDNumber

	1
	Alex Green
	0789012345
	RG001

	2
	Emma Brown
	0789016789
	RG002



	BikeID
	Type
	Condition
	Location
	Status

	1
	Mountain
	Good
	Campus A
	Available

	2
	Hybrid
	Fair
	Park B
	Rented


Each table was populated with at least five representative entries, simulating realistic operational data. This step validated relational integrity and facilitated testing of queries.
[bookmark: _Toc214128449]Query Development
SQL queries were written to demonstrate EcoRide’s core functionalities:
[bookmark: _Toc214128450]Available Bikes
[bookmark: bikes-due-for-service]SELECT BikeID, Type, Location FROM Bikes WHERE Status = 'Available';
[bookmark: _Toc214128451]Bikes Due for Service
SELECT BikeID, MAX(ServiceDate) AS LastService
FROM Maintenance
GROUP BY BikeID
HAVING DATEDIFF(CURDATE(), LastService) > 30;
[bookmark: _Toc214128452][bookmark: most-frequently-used-bikes]Most Frequently Used Bikes
SELECT BikeID, COUNT(*) AS RentalCount
FROM Rentals
GROUP BY BikeID
ORDER BY RentalCount DESC;
[bookmark: _Toc214128453]Rental History of a Specific Rider
SELECT Riders.Name, Rentals.RentalDate, Rentals.ReturnDate
FROM Rentals
JOIN Riders ON Rentals.RiderID = Riders.RiderID
WHERE Riders.Name = 'Emma Brown';
These queries enable managers to check fleet availability, identify bikes requiring service, and analyse rental trends [11].
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[bookmark: _Toc214128495]Figure 3 Screenshot: Query Output in MySQL Workbench
[bookmark: _Toc214128454]Validation and Testing
Extensive testing was done to establish that the database was functioning as per the requirements and that it is reliable.
· Referential-Integrity Test: Energised the IB-constraints that foreign-key constraints were being enforced.
· Data-Validation Test: The entry of RiderID twice was blocked with primary-key rules.
· Functional-Query Test: Sample queries were able to retrieve the available bikes, overdue services and rider histories correctly.
Such findings indicate compliance with relational-design best-practises and attest to the fact that MySQL constraints do as well as should be expected [12].
[bookmark: _Toc214128455]Reflection and Future Improvements
The creation of the EcoRide system improved the knowledge about relational modelling and SQL optimisation. Difficulties had to do with connecting and linking various foreign keys without breaking dependency constraints and keeping normalisation among related entities. The possible improvements are: 
· Web-based interface: Real time booking and administration [13].
· Automated triggers: To update Status fields and create maintenance alerts.
· Business-intelligence integration: Connects with Tableau or Power BI to analytic dashboards [14].
· Mobile apps integration: Accessing users and technicians with RESTful APIs [15].
[bookmark: _Toc214128456]Conclusion
The use of EcoRide database proves the whole life cycle of relational database design, conceptual modelling to functional deployment. The system guarantees the data consistency, accuracy and scalability through the normalisation, structured SQL scripts and testing. The platform, which is based on MySQL, offers real-time data to rentals, maintenance, and staff activities compared to the spreadsheets that have a high percentage of error. The planned growth can be automated, include the Internet of Things (IoT) sensors to track the bikes, and predictive analytics, which can bring EcoRide to smart-mobility technologies.



[bookmark: _Toc214128457]Task – 2 
Design and Implementation of a Relational Database System – EcoRide Electric Bike Rental
1. [bookmark: _Toc214128458]Introduction
1.1 [bookmark: _Toc214128459]Purpose of the Report
TVA Report: This report proposes the design and implementation of a relational database system in EcoRide, an electric bike rental company. This document is aimed at describing the situation, the process of database design, describing the implementation with MySQL, and commenting on the functionality of the system, its testing, and ways to improve it [2]. The report will set out to offer a detailed overview of how the concept of relational databases can enhance efficiency in operations of micro-mobility solutions [1].
1.2 [bookmark: _Toc214128460]Context of the EcoRide Scenario
EcoRide is an emerging green transportation programme that seeks to give affordable, eco-friendly and healthy means of commuting among the people in public places like university campuses, and railway stations and parks in cities. Although it has gained popularity, the current model of operation currently used by EcoRide is based on manual records keeping in the form of paper forms and spreadsheets. This has resulted in inefficiencies such as redundant information, errors when tracking the bike rentals and its maintenance, and also the inability to come up with accurate reports to operations. The relational database system was meant to overcome these problems and therefore offer orderly, trustful, and expandable information management system [3][4].

1.3 [bookmark: _Toc214128461]Operational Challenges
The manual system used by EcoRide presents multiple operational difficulties. Staff face challenges in:
· Tracking bike availability and location
· Scheduling maintenance effectively
· Monitoring rental transactions
· Avoiding double bookings or unreturned bikes
Such inefficiencies lead to low data integrity, higher operation costs and low customer satisfaction [2].
2. [bookmark: _Toc214128462]Scenario Overview
2.1 [bookmark: _Toc214128463]Background of EcoRide
Traffic jams, carbon emissions, and environmental sustainability are now posing a threat on urban mobility. Micro-mobility, especially electric bikes rentals, is a satisfying alternative solution to the congestion reduction and green transportation promotion [1]. EcoRide offers an electric bike network that is able to be rented and returned in various locations supporting the aspect of flexible commuting and sustainable travel mode.
2.2 [bookmark: _Toc214128464]Need for a Relational Database Solution
Rational database management system (RDBMS) was suggested to eliminate these problems. The relational model represents data in structured tables, ensures data consistency and enables easy retrieval using SQL queries. With an RDBMS in place, EcoRide will be able to keep the records of riders, bikes, rentals, and maintenance operations correct and referential integrity and real-time operational decision-making are feasible [3].

3. [bookmark: _Toc214128465]Database Design and Implementation
3.1 [bookmark: _Toc214128466]System Analysis and Entity Identification
The initial stage was to analyse EcoRide scenario to determine key entities and their characteristics. The following five entities were determined:
· Riders: RiderID (PK), Name, ContactNumber, IDNumber
· Bikes: BikeID (PK), Type, Condition, Location, Status
· Rentals: RentalID (PK), RiderID (FK), BikeID (FK), RentalDate, ReturnDate, Cost
· Maintenance: MaintenanceID (PK), BikeID (FK), StaffID (FK), ServiceDate, Description
· Staff: StaffID (PK), Name, Role, Contact
The associations between them were established so as to enable referential integrity. Multiple rentals, bikes, and maintenance records can have multiple riders, and multiple bikes can be serviced by the staff [11].
3.2 [bookmark: _Toc214128467]Entity-Relationship Diagram (ERD) with Explanation
The ERD shows how the database is organised and entities related to each other. Key constraints were determined as primary and foreign keys in order to enforce the integrity constraints. Key relationships include:
· One-to-Many (1:N) between Riders and Rentals
· One-to-Many (1:N) between Bikes and Rentals
· One-to-Many (1:N) between Staff and Maintenance
· One-to-Many (1:N) between Bikes and Maintenance
[image: ]
[bookmark: _Toc214128496]Figure 4 ERD of EcoRide Database
The ERD ensures clear semantic representation of the operational workflow and minimizes redundancy [5].
3.3 [bookmark: _Toc214128468]Database Structure Development
3.3.1 Table Definitions and Constraints
Tables were implemented in MySQL Workbench using SQL scripts. Primary and foreign key constraints enforce entity integrity and referential integrity [7][9].
CREATE TABLE Riders (
  RiderID INT PRIMARY KEY AUTO_INCREMENT,
  Name VARCHAR(100),
  ContactNumber VARCHAR(20),
  IDNumber VARCHAR(20)
);

CREATE TABLE Bikes (
  BikeID INT PRIMARY KEY AUTO_INCREMENT,
  Type VARCHAR(50),
  Condition VARCHAR(50),
  Location VARCHAR(50),
  Status VARCHAR(20)
);

CREATE TABLE Staff (
  StaffID INT PRIMARY KEY AUTO_INCREMENT,
  Name VARCHAR(100),
  Role VARCHAR(50),
  Contact VARCHAR(20)
);

CREATE TABLE Maintenance (
  MaintenanceID INT PRIMARY KEY AUTO_INCREMENT,
  BikeID INT,
  StaffID INT,
  ServiceDate DATE,
  Description TEXT,
  FOREIGN KEY (BikeID) REFERENCES Bikes(BikeID),
  FOREIGN KEY (StaffID) REFERENCES Staff(StaffID)
);

CREATE TABLE Rentals (
  RentalID INT PRIMARY KEY AUTO_INCREMENT,
  RiderID INT,
  BikeID INT,
  RentalDate DATE,
  ReturnDate DATE,
  Cost DECIMAL(6,2),
  FOREIGN KEY (RiderID) REFERENCES Riders(RiderID),
  FOREIGN KEY (BikeID) REFERENCES Bikes(BikeID)
);
3.3.2 Normalisation to 3NF
Normalization reduces redundancy and ensures data dependencies are logical:
· 1NF: All attributes contain atomic values
· 2NF: Non-key attributes depend entirely on the primary key
· 3NF: Eliminates transitive dependencies
For example, in the Rentals table, the Cost depends solely on RentalID and not on RiderID or BikeID, satisfying 3NF [10].
3.4 [bookmark: _Toc214128469]Sample Data Population
Five sample records were inserted in each table to simulate realistic operations.
[bookmark: _Toc214128527]Table 1 Sample Rider Data
	RiderID
	Name
	ContactNumber
	IDNumber

	1
	Alex Green
	0789012345
	RG001

	2
	Emma Brown
	0789016789
	RG002



[bookmark: _Toc214128528]Table 2 Sample Rider Type Data
	BikeID
	Type
	Condition
	Location
	Status

	1
	Mountain
	Good
	Campus A
	Available

	2
	Hybrid
	Fair
	Park B
	Rented


Sample entries for Rentals, Maintenance, and Staff were also populated to validate relationships [11].
3.5 [bookmark: _Toc214128470]Query Development and Examples
Several queries were created to demonstrate system functionality:
· Available Bikes
SELECT BikeID, Type, Location FROM Bikes WHERE Status = 'Available';
· Bikes Due for Service
SELECT BikeID, MAX(ServiceDate) AS LastService
FROM Maintenance
GROUP BY BikeID
HAVING DATEDIFF(CURDATE(), LastService) > 30;
· Most Frequently Used Bikes
SELECT BikeID, COUNT(*) AS RentalCount
FROM Rentals
GROUP BY BikeID
ORDER BY RentalCount DESC;
· Rental History of a Rider
SELECT Riders.Name, Rentals.RentalDate, Rentals.ReturnDate
FROM Rentals
JOIN Riders ON Rentals.RiderID = Riders.RiderID
WHERE Riders.Name = 'Emma Brown';
These queries help in operational management and reporting [11].

4. [bookmark: _Toc214128471]Design Decisions
4.1 [bookmark: _Toc214128472]Choice of Entities and Relationships
Objects and processes of the real-world were selected: Riders, Bikes, Rentals, Maintenance, and Staff. Relationships were created to be clear and represent logical workflow [6].
4.2 [bookmark: _Toc214128473]Use of Primary and Foreign Keys
The primary keys are used to identify records in a unique manner whereas the foreign keys are used to uphold referential integrity between the tables. As an example, BikeID in Rentals enables each rental to be associated with a certain bike [9].
4.3 [bookmark: _Toc214128474]SQL Implementation Decisions
MySQL Workbench was adopted as the database because it is reliable, supports constraints and has optimization capabilities of queries. Scalability and integration with web interfaces in the future were possible through the scripts [8].

5. [bookmark: _Toc214128475]Testing and Validation
5.1 [bookmark: _Toc214128476]Referential Integrity Testing
Foreign key controls were ensured to ensure that no records were deleted before the referenced records were deleted, which ensured consistency of the database [12].
5.2 [bookmark: _Toc214128477]Data Validation Testing
The constraints were primary keys that could not have duplicates and this ensured accuracy of RiderID, BikeID and other identifiers [12].
5.3 [bookmark: _Toc214128478]Functional Query Testing
Every query was successfully run to get the available bikes, bikes to be serviced and rental histories which confirmed system functionality [11].

6. [bookmark: _Toc214128479]Challenges and Reflections
6.1 [bookmark: _Toc214128480]Difficulties Encountered
The difficulties involved connecting numerous foreign keys without breaking constraints and normalisation was ensured in all the tables [12].
6.2 [bookmark: _Toc214128481]Lessons Learned
The project also improved the knowledge on relational modelling, principles of normalisation, and SQL implementation. It focused on the issue of data integrity and well-designed database design [10].
6.3 [bookmark: _Toc214128482]Future Improvements
Potential improvements include:
· Web-based interface for real-time bike rental
· Automated triggers to update bike status and alert for maintenance
· Integration with business intelligence tools (Tableau, Power BI)
· Mobile app connectivity via RESTful APIs [13][15]

7. [bookmark: _Toc214128483]Screenshots
7.1 [bookmark: _Toc214128484]Sample Data Population Screenshots
[image: ]
[bookmark: _Toc214128497]Figure 5 Sample Data Population Screenshots
7.2 [bookmark: _Toc214128485]Query Results Screenshots
[image: ]
[bookmark: _Toc214128498]Figure 6 	Query Results Screenshots

8. [bookmark: _Toc214128486]Conclusion
The EcoRide relational database system is a complete and well-structured tool used in the management of bike rentals, rider records, staffs and maintenance. Data integrity, data accuracy, and data scalability have been achieved in the system through the implementation of MySQL, primary key, foreign key constraints, and normalisation to 3NF. The efficiency of the operations is increased significantly over the manual ones; there is the capability to obtain insights in real-time and integrate with web and mobile platforms in the future. The project exhibits the entire life cycle of relational database design including conceptual modelling and deployment.
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SQLFile1 x

1 CREATE TABLE Riders ( B ) (

2 RiderID INT PRIMERY AUTOINCRI

3 Name VARCHAR(100) CANCHAR(2),

4 ContactNumber VARCHAR(20),

5 ] IDNumber VARCHAR(20)

6

7 CREATE TABLE Staff (

8 StaffID INT PRIMERY AUTOINCRI ,

9 Name CARCHAR(100) CANCH

10 Role VARCHAR(56)

11 Contact VARCHAR((20)

12

I3 CREATE TABLE Maintenance ( ®

14 MaintenanceID INT PRIMERVNDO! ,

15 BikeID INT

16 StaffID INT

17 ServiceDafe DATE

18 FOREIGN KEY CONSTIENNFOW( sikes(BikeID))
19 FOREIGN KEY CONSTIENVFOM/ ;aff (StffID))
20 )

21 CREATE TABLE Rentals ( ®

22 RentalID INT PRIMERYACR

23 RiderID INT

24 RentalDate DATE

25 ReturnDate DATE

26 Cost DELIMAL(6.2), RECIMAL(16, 2) ')
27 FOREIGN KEY RiderID INT Bikes(BikeD)

28
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