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Design and Implementation of a Relational Database System - Eco Ride
1. Introduction
As urban societies grow, so do the need for sustainable, technologically advanced transportation options. Eco Ride is an electric bike renting system that provides public access to bikes stored at strategically placed stations throughout the metropolitan area. With company growth, the demand for a relational database system that effectively processes, stores, and retrieves information is critical to operation. This database will consist of basic operational facts such as riders, bikes, rentals, maintenance, and staffing.
A relational database system fosters integrity and makes it easier to create efficient queries that justify ideas through data. Redundant information disappears when a relational database empowers a company with consistent processes and shared ideas through interconnected systems. Thus, accurate facts can drive operational decisions. This assignment details a comprehensive relational database system designed for EcoRide from creation through implementation using industry-standard modelling practices. Included in this comprehensive assessment are the scenario explanation, entities and relationships identification with commentary, an ERD design for relational schema, normalisation to 3rd Normal Form (3NF), SQL implementation of data with sample data creation and queries run with results. Placeholder images will be clearly denoted for you to enter the appropriate images.
2. Scenario Explanation
The scenario encompasses a rental system providing relevant entities and interrelationships needed to define the most vital parts of operations. Understanding the scenario helps determine what facts need to be stored where and how they operate throughout other parts of the Eco Ride.
2.1 Entities Found in the Scenario
The entities that will make up the effective database include the following:
Rider - The individuals who create an account for renting the electric bikes.
Bike - The electric bikes available for rent marked by type and serviced or not serviced.
Staff - Those who conduct maintenance operations on bikes.
Rental - The connection between a rider and a bike temporarily during payment.
Maintenance - The connection which documents bike service by staff.
Each entity has a uniquely identifiable characteristic (primary key) and certain attributes vital to making this database operate from an organisational perspective. These are all that are needed to ensure a successful database system.
2.2 Relationships Between Entities
Understanding how these entities operate within Eco Ride means deducing certain relationships based upon the information provided in the scenario:
Rider → Rental: A rider can have many rentals; each rental is assigned to one rider.
Bike → Rental: A bike can be rented many times; each rental refers to one bike.
Bike → Maintenance: A bike can have many maintenances; each maintenance refers to one bike.
Staff → Maintenance: A staff member can do many maintenances; each maintenance is done by one staff member.
These relationships further secure the analysis of how people, bikes, and processes relate to one another within Eco Ride.
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3.    Relational Schema
The relational schema will support table creation and PK and FK needed to maintain proper integrity post entities and relationships definition.
The relational schema is as follows:
RIDER (RiderID PK, FullName, Email, Phone, IDNumber)
BIKE (BikeID PK, BikeType, Status, Location, LastServiceDate)
STAFF (StaffID PK, Name, Role, Contact)
RENTAL (RentalID PK, RiderID FK → RIDER.RiderID, BikeID FK → BIKE.BikeID, StartTime, EndTime, Cost)
MAINTENANCE (MaintId PK, BikeID FK → BIKE.BikeID, StaffID FK → STAFF.StaffID, Date, Details, Cost)
This schema will allow for appropriate querying of the system with integrity guaranteed of the relationships established from the first two steps of this process.
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4. Normalisation (Up to 3NF)
Normalisation is important for data reliability, accuracy and efficiency. The EcoRide database is normalised to Third Normal Form (3NF).
1NF - First Normal Form
All data is atomic (no multiple values in one field).
All tables have a primary key.
Repeating groups are eliminated.
Example: PHONE_NUMBER for RIDER holds one phone number (since we can't assume riders would want to rent multiple bikes at once) instead of multiple.
2NF - Second Normal Form
Tables avoid partial dependencies.
No tables have composite primary keys, thus all attributes depend on the entirety of the primary key by default.
Example: In RENTAL, the Cost attribute depends on RentalID.
3NF - Third Normal Form
There are no transitive dependencies.
Non-key attributes are not dependent on other non-key attributes, only the primary key.
Example: Bike Location depends on BikeID, not BikeType or Status.
Acquiring 3NF makes the structure more efficient with less redundancy and less update anomalies.
5. Sample Data
Sample data is required to test the database or show sample output from queries. Five rows per table were created to exemplify typical EcoRide operations under the assumption that each rider rented a bike for their sole use and that some bikes would need certain service more than others, same with riders, etc. There are those who are just renting temporarily or only maintain small repairs. Thus, the sample data shows RIDERS, BIKES with various usage and maintenance history, RENTAL transactions (one active with no rental end time) and MAINTENANCE showing common efforts done for bikes


SAMPLE DATA TABLES HERE
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6. SQL Implementation
The entire database will run on standard SQL for table creation and population.
6.1 CREATE TABLE Statements
EcoRide parameters were created with the following SQL:
6. SQL Implementation
The implementation of the database will occur with SQL commands for table creation and population.
6.1 CREATE TABLE Statements
The necessary SQL statements to implement the EcoRide database are as follows:
CREATE TABLE Rider (
RiderID INT PRIMARY KEY,
FullName VARCHAR(100),
Email VARCHAR(100),
Phone VARCHAR(20),
IDNumber VARCHAR(50)
);
CREATE TABLE Bike (
BikeID INT PRIMARY KEY,
BikeType VARCHAR(50),
Status VARCHAR(30),
Location VARCHAR(100),
LastServiceDate DATE
);
CREATE TABLE Staff (
StaffID INT PRIMARY KEY,
Name VARCHAR(100),
Role VARCHAR(50),
Contact VARCHAR(100)
);
CREATE TABLE Rental (
RentalID INT PRIMARY KEY,
RiderID INT,
BikeID INT,
StartTime DATETIME,
EndTime DATETIME,
Cost DECIMAL(6,2),
FOREIGN KEY (RiderID) REFERENCES Rider(RiderID),
FOREIGN K 
Taff (StaffID)\ );
Therefore, the use of such SQL structures add data integrity between data sets which help make a more secure operation for later queries.
7. Queries and Explanation
7.1 Query: Bikes Currently Out on Rental
This will get bikes that have an EndTime of NULL (i.e. a bike currently out on rental):
SELECT r.RentalID, r.BikeID, r.RiderID, r.StartTime 
FROM Rental r 
WHERE r.EndTime IS NULL;
7. Questions and Justification 
7.1 Question: What bikes are currently out on rental?
This question is designed to find what bikes are currently out on rental. Due to there being no end time (or it being null), the condition for EndTime is that it equals NULL.
QUERY RESULT: BIKES OUT ON RENTAL HERE
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7.2 Query that shows bikes due for service.
This shows that these bikes have not been serviced for over 60 days.
SELECT BikeID, BikeType, LastServiceDate
FROM Bike
WHERE LastServiceDate < DATE_SUB(CURDATE(), INTERVAL 60 DAY;
QUERY RESULT: BIKES DUE FOR SERVICE HERE
[image: ]


8. Testing and Validation
Various tests were run to validate the EcoRide database.
Validation of Referential Integrity:
Inserting a rental that referred to a nonexistent BikeID and RiderID returned an error, suggesting proper foreign key enforcement.
Validation with Sample Data:
The inserted data returned expected data types/limits with constraints and valid NULL situations (i.e., renting a bike still active does not yet have an EndTime).
Validation Through Queries:
Queries returned expected results based on the same sample of data contained therein.
Validation of integrity checks:
Maintenance logs must refer to a real bike and staff, without such connections found.
These tests validate that the relational model represents requirements adequately for practical operations.
9. Conclusion
This report outlines a complete EcoRide relational database design and implementation in the real world. Following the collection of the scenario requirements, entity identification and relationships, normalisation efforts and implementation through SQL, the EcoRide system has a foundation of organisation from which to run.
The final created database stands to benefit EcoRide with accurate data entry, data integrity through normalisation to prevent redundancies and subsequent efforts to create a reliable system with required referential integrity. Final presented tables, relationships, sample test data, and demonstration of example queries create a viable solution for a real-world rental system that is sure to scale over time.
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