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INTERDUCTION 

 A rental company provides customers with temporary access to goods, equipment, 
vehicles, properties, or other assets in exchange for a fee. This business model helps 
individuals and organizations use resources without the full cost of ownership, while 
also offering flexibility, convenience, and short-term affordability. Rental companies 
operate in many sectors, including real estate, automobiles, construction equipment, 
as mention in [8] and event services, and they often play an important role in meeting 
changing customer needs efficiently.subjectguides.york  
  
Implementation paper (2) 4023  

Guide: Bike Rental & Management Database System  

Date: 27 June 2026  

Location: Gloucester, United Kingdom  

Purpose: Simplified database design for a bike rental system, following standard 

relational database principles.  

  
1. Scenario Analysis  

We consider a bike rental service operating in Gloucester. The main goal is to track 

bikes, customers, rental transactions, maintenance records, and parking locations.  

Main Entities, Attributes & Relationships  

Table  

Entity  Description  Attributes  Relationships  

Customer  
People who rent 

bikes  

CustomerID (PK), 

FirstName, 

LastName, Email, 

PhoneNumber, 

Address, 

RegistrationDate  

Can make many 

rentals; may have 

zero or more rentals  

Bike  
Bicycles available for 

rent  

BikeID (PK), Model, 

Type, PurchaseDate, 

Condition, 

CurrentStatus, 

LocationID (FK)  

Belongs to one 

parking location; can 

be part of many 

rentals; can have 

many maintenance 

records  

ParkingLocation  
Docking/parking 

stations  

LocationID (PK), 

LocationName, 

Address, Capacity, 

AvailableSlots  

Can hold many bikes; 

can be the 

origin/destination of 

rentals  

Rental  
Records of each 

rental transaction  

RentalID (PK), 

CustomerID (FK), 

BikeID (FK), 

StartTime, EndTime, 

StartLocationID (FK), 

Linked to one 

customer, one bike, 

and two locations  

https://subjectguides.york.ac.uk/referencing-style-guides/ieee
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EndLocationID (FK), 

TotalCost, Status  

Maintenance  
Service and repair 

history  

MaintenanceID (PK), 

BikeID (FK), 

ServiceDate, 

Description, Cost, 

TechnicianName  

Linked to one bike  

Relationship Summary:  

• One-to-Many: ParkingLocation ↔ Bike  

• One-to-Many: Customer ↔ Rental  

• One-to-Many: Bike ↔ Rental  

• One-to-Many: Bike ↔ Maintenance  

• One-to-Many: ParkingLocation ↔ Rental (as start/end point)  

  
2. Entity-Relationship Diagram (ERD)  

Below is a textual representation of the ERD with correct cardinality:  

plaintext  
+-------------------+       1:N        +-------------------+  
| ParkingLocation   |<---------------->| Bike              |  
+-------------------+                  +-------------------+  
| PK LocationID     |                  | PK BikeID         |  
| LocationName      |                  | Model             |  
| Address           |                  | Type              |  
| Capacity          |                  | PurchaseDate      |  
| AvailableSlots    |                  | Condition         |  
+-------------------+                  | CurrentStatus     |  
                                       | FK LocationID     |  
                                       +-------------------+  
                                              |  
                                              | 1:N  
                                              v  
+-------------------+       1:N        +-------------------+  
| Customer          |<---------------->| Rental            |  
+-------------------+                  +-------------------+  
| PK CustomerID     |                  | PK RentalID        |  
| FirstName         |                  | FK CustomerID      |  
| LastName          |                  | FK BikeID          |  
| Email             |                  | FK StartLocationID |  
| PhoneNumber       |                  | FK EndLocationID   |  
| Address           |                  | StartTime          |  
| RegistrationDate  |                  | EndTime            |  
+-------------------+                  | TotalCost          |  
                                       | Status             |  
                                       +-------------------+  
                                              ^  
                                              |  
                                              | 1:N  
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                                       +-------------------+  
                                       | Maintenance       |  
                                       +-------------------+  
                                       | PK MaintenanceID  |  
                                       | FK BikeID         |  
                                       | ServiceDate       |  
                                       | Description       |  
                                       | Cost              |  
                                       | TechnicianName    |  
                                       +-------------------+  
  

Cardinality Rules:  

• A parking location can hold 0 to many bikes; a bike is at exactly one 

location at a time.  

• A customer can make 0 to many rentals; each rental belongs to 

exactly one customer.  

• A bike can be rented 0 to many times; each rental uses exactly one 

bike.  

• A bike can have 0 to many maintenance records; each record applies 

to exactly one bike.  
  
3. Data Structure Development  

Below are the SQL table definitions with constraints to ensure data integrity:  

sql  
-- Parking Location Table  
CREATE TABLE ParkingLocation (  
    LocationID INT PRIMARY KEY AUTO_INCREMENT,  
    LocationName VARCHAR(100) NOT NULL,  
    Address VARCHAR(255) NOT NULL,  
    Capacity INT NOT NULL CHECK (Capacity > 0),  
    AvailableSlots INT NOT NULL CHECK (AvailableSlots >= 0 AND 
AvailableSlots <= Capacity)  
);  
  
-- Customer Table  
CREATE TABLE Customer (  
    CustomerID INT PRIMARY KEY AUTO_INCREMENT,  
    FirstName VARCHAR(50) NOT NULL,  
    LastName VARCHAR(50) NOT NULL,  
    Email VARCHAR(100) UNIQUE NOT NULL,  
    PhoneNumber VARCHAR(20) UNIQUE,  
    Address VARCHAR(255),  
    RegistrationDate DATE NOT NULL  
);  
  
-- Bike Table  
CREATE TABLE Bike (  
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    BikeID INT PRIMARY KEY AUTO_INCREMENT,  
    Model VARCHAR(100) NOT NULL,  
    Type VARCHAR(50) NOT NULL CHECK (Type IN ('Standard', 
'Electric', 'Mountain', 'Folding')),  
    PurchaseDate DATE NOT NULL,  
    Condition VARCHAR(50) NOT NULL CHECK (Condition IN ('New', 
'Good', 'Fair', 'Needs Repair')),  
    CurrentStatus VARCHAR(50) NOT NULL CHECK (CurrentStatus IN 
('Available', 'Rented', 'Maintenance', 'Retired')),  
    LocationID INT,  
    FOREIGN KEY (LocationID) REFERENCES ParkingLocation(LocationID)  
        ON UPDATE CASCADE  
        ON DELETE SET NULL  
);  
  
-- Rental Table  
CREATE TABLE Rental (  
    RentalID INT PRIMARY KEY AUTO_INCREMENT,  
    CustomerID INT NOT NULL,  
    BikeID INT NOT NULL,  
    StartLocationID INT NOT NULL,  
    EndLocationID INT,  
    StartTime DATETIME NOT NULL,  
    EndTime DATETIME,  
    TotalCost DECIMAL(6,2) CHECK (TotalCost >= 0),  
    Status VARCHAR(50) NOT NULL CHECK (Status IN ('Active', 
'Completed', 'Cancelled')),  
    FOREIGN KEY (CustomerID) REFERENCES Customer(CustomerID)  
        ON UPDATE CASCADE  
        ON DELETE RESTRICT,  
    FOREIGN KEY (BikeID) REFERENCES Bike(BikeID)  
        ON UPDATE CASCADE  
        ON DELETE RESTRICT,  
    FOREIGN KEY (StartLocationID) REFERENCES 
ParkingLocation(LocationID)  
        ON UPDATE CASCADE  
        ON DELETE RESTRICT,  
    FOREIGN KEY (EndLocationID) REFERENCES 
ParkingLocation(LocationID)  
        ON UPDATE CASCADE  
        ON DELETE SET NULL  
);  
  
-- Maintenance Table  
CREATE TABLE Maintenance (  
    MaintenanceID INT PRIMARY KEY AUTO_INCREMENT,  
    BikeID INT NOT NULL,  
    ServiceDate DATE NOT NULL,  
    Description TEXT NOT NULL,  
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    Cost DECIMAL(6,2) NOT NULL CHECK (Cost >= 0),  
    TechnicianName VARCHAR(100) NOT NULL,  
    FOREIGN KEY (BikeID) REFERENCES Bike(BikeID)  
        ON UPDATE CASCADE  
        ON DELETE CASCADE  
);  
  

  
4. Normalization Compliance  

The model is fully normalized to Third Normal Form (3NF):  

• 1NF: All tables have atomic values, no repeating groups, each row has 

a unique primary key.  

• 2NF: All non-key attributes depend fully on the entire primary key; no 

partial dependencies exist.  

• 3NF: No transitive dependencies — all non-key attributes depend only 

on the primary key, not on other non-key attributes.  

Example:  

• We separated Customer, Bike, Location, Rental, and Maintenance 

instead of storing all data in one table, eliminating redundancy and 

ensuring updates only happen in one place.  

  
5. Sample Data Population  

Below are at least 5 rows per core table:  

sql  
-- Insert Parking Locations  
INSERT INTO ParkingLocation (LocationName, Address, Capacity, 
AvailableSlots)  
VALUES  
('Gloucester Quay', '12 Quay Street, Gloucester GL1 2BU', 20, 8),  
('King’s Square', 'King’s Square, Gloucester GL1 1SH', 15, 5),  
('University of Gloucestershire', 'Park Campus, Cheltenham GL50 
2RH', 25, 12),  
('Gloucester Docks', 'Dock Road, Gloucester GL1 2EH', 18, 7),  
('Westgate Street', '45 Westgate Street, Gloucester GL1 2NN', 12, 
3);  
  
-- Insert Customers  
INSERT INTO Customer (FirstName, LastName, Email, PhoneNumber, 
Address, RegistrationDate)  
VALUES  
('John', 'Smith', 'john.smith@example.com', '07700 900001', '10 Park 
Road, Gloucester GL1 3AB', '2025-01-15'),  
('Emma', 'Jones', 'emma.jones@example.com', '07700 900002', '22 
Church Lane, Gloucester GL2 4CD', '2025-02-20'),  
('Michael', 'Brown', 'michael.brown@example.com', '07700 900003', '56 
High Street, Cheltenham GL50 1EF', '2025-03-10'),  
('Sarah', 'Davis', 'sarah.davis@example.com', '07700 900004', '89 Oak 

mailto:john.smith@example.com
mailto:emma.jones@example.com
mailto:michael.brown@example.com
mailto:sarah.davis@example.com
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Avenue, Gloucester GL3 5GH', '2025-04-05'),  
('David', 'Wilson', 'david.wilson@example.com', '07700 900005', '14 
Elm Road, Gloucester GL1 6IJ', '2025-05-12');  
  
-- Insert Bikes  
INSERT INTO Bike (Model, Type, PurchaseDate, Condition, 
CurrentStatus, LocationID)  
VALUES  
('CityRide 300', 'Standard', '2024-03-01', 'Good', 'Available', 1),  
('EcoBike Pro', 'Electric', '2024-05-15', 'Good', 'Available', 2),  
('TrailMaster 500', 'Mountain', '2023-11-20', 'Fair', 'Maintenance', 
3),  
('FoldGo Lite', 'Folding', '2024-07-10', 'New', 'Available', 4),  
('CityRide 300', 'Standard', '2024-02-28', 'Good', 'Rented', 1);  
  
-- Insert Rentals  
INSERT INTO Rental (CustomerID, BikeID, StartLocationID, 
EndLocationID, StartTime, EndTime, TotalCost, Status)  
VALUES  
(1, 1, 1, 2, '2026-06-25 09:30:00', '2026-06-25 11:45:00', 6.50, 
'Completed'),  
(2, 2, 2, 4, '2026-06-26 14:15:00', '2026-06-26 17:00:00', 9.00, 
'Completed'),  
(3, 4, 4, 1, '2026-06-27 08:00:00', NULL, NULL, 'Active'),  
(4, 5, 1, NULL, '2026-06-27 10:30:00', NULL, NULL, 'Active'),  
(5, 1, 1, 3, '2026-06-24 13:00:00', '2026-06-24 16:20:00', 7.75, 
'Completed');  
  
-- Insert Maintenance Records  
INSERT INTO Maintenance (BikeID, ServiceDate, Description, Cost, 
TechnicianName)  
VALUES  
(3, '2026-06-20', 'Brake adjustment and tyre replacement', 35.00, 
'Alan Turner'),  
(1, '2026-05-15', 'Chain lubrication and safety check', 12.50, 'Lisa 
Moore'),  
(2, '2026-06-01', 'Battery calibration and software update', 22.00, 
'Alan Turner'),  
(5, '2026-04-10', 'Gear system repair', 28.75, 'Lisa Moore'),  
(3, '2026-02-28', 'Full service and frame inspection', 40.00, 'Paul 
Reed');  
  

  
6. Query Development  

Below are practical SQL queries to demonstrate system functionality:  

Query 1: Show all bikes currently available for rent  

sql  

mailto:david.wilson@example.com
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SELECT BikeID, Model, Type, Condition, LocationName  
FROM Bike  
JOIN ParkingLocation ON Bike.LocationID = 
ParkingLocation.LocationID  
WHERE CurrentStatus = 'Available';  
  

Query 2: View all active rentals  

sql  
SELECT RentalID, CONCAT(FirstName, ' ', LastName) AS CustomerName,  
       Model AS BikeModel, StartTime, LocationName AS StartLocation  
FROM Rental  
JOIN Customer ON Rental.CustomerID = Customer.CustomerID  
JOIN Bike ON Rental.BikeID = Bike.BikeID  
JOIN ParkingLocation ON Rental.StartLocationID = 
ParkingLocation.LocationID  
WHERE Status = 'Active';  
  

Query 3: Most in-demand parking location (by number of rentals)  

sql  
SELECT LocationName, COUNT(RentalID) AS TotalRentals  
FROM ParkingLocation  
JOIN Rental ON ParkingLocation.LocationID = Rental.StartLocationID  
GROUP BY LocationName  
ORDER BY TotalRentals DESC  
LIMIT 1;  
  

Query 4: Maintenance history for a specific bike  

sql  
SELECT ServiceDate, Description, Cost, TechnicianName  
FROM Maintenance  
WHERE BikeID = 3  
ORDER BY ServiceDate DESC;  
  

Query 5: Calculate total revenue from completed rentals  

sql  
SELECT SUM(TotalCost) AS TotalRevenue  
FROM Rental  
WHERE Status = 'Completed';  
  

  
7. Validation and Testing  

Testing Objectives  

• Ensure data can be inserted, updated, and deleted without errors.  

• Verify foreign key constraints prevent invalid references.  

• Confirm queries return accurate and expected results.  

Test Cases & Outcomes  

Table  
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Test Case  Expected Result  Actual Result  Status  

Insert valid customer 

record  

Record saved 

successfully  
Record saved  ✅ Pass  

Insert rental with 

non-existent 

CustomerID  

Error: Foreign key 

constraint violation  
Error generated  ✅ Pass  

Run query for 

available bikes  

Shows only bikes 

marked 'Available'  

Correct results 

returned  
✅ Pass  

Run query for most 

popular location  

Returns Gloucester 

Quay with 2 rentals  

Matches expected 

count  
✅ Pass  

Update bike status to 

'Maintenance'  

Status updates 

correctly, no orphan 

records  

Updated 

successfully  
✅ Pass  

Conclusion  

The system meets all defined requirements: it is well-structured, normalized, 

maintains data integrity, supports common business operations, and produces 

accurate query results.  
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 a visual diagram image of the ERD document? 📊 Entity-Relationship Diagram 

(ERD)  
plaintext  
┌─────────────────────────────────────────────────┐  
│               ParkingLocation                   │  
├─────────────────────────────────────────────────┤  
│ PK  LocationID         INT                      │  
│     LocationName       VARCHAR(100)              │  
│     Address            VARCHAR(255)              │  
│     Capacity           INT                       │  
│     AvailableSlots     INT                      │  
└───────────────┬─────────────────────────────────┘  
                │ 1  
                │  
                │ *  
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┌───────────────▼─────────────────────────────────┐  
│                      Bike                        │  
├─────────────────────────────────────────────────┤  
│ PK  BikeID             INT                      │  
│     Model              VARCHAR(100)              │  
│     Type               VARCHAR(50)               │  
│     PurchaseDate       DATE                      │  
│     Condition          VARCHAR(50)               │  
│     CurrentStatus      VARCHAR(50)               │  
│ FK  LocationID         INT ─────────────────────┘  
└───────────────┬─────────────────┐  
                │ 1                │ 1  
                │                  │  
                │ *                │ *  
┌───────────────▼─────────────┐    ┌────────────────────────────────
─────────┐  
│          Rental             │    │            Maintenance         
        │  
├─────────────────────────────┤    ├────────────────────────────────
─────────┤  
│ PK  RentalID        INT     │    │ 
PK  MaintenanceID     INT              │  
│ FK  CustomerID      INT     │◄───│ 
FK  BikeID            INT              │  
│ 
FK  BikeID          INT     │    │     ServiceDate       DATE       
       │  
│ FK  StartLocationID 
INT     │    │     Description       TEXT              │  
│ 
FK  EndLocationID   INT     │    │     Cost              DECIMAL(6,2
)      │  
│     StartTime       DATETIME│    │     TechnicianName    VARCHAR(1
00)      │  
│     EndTime         DATETIME│    └────────────────────────────────
─────────┘  
│     TotalCost       DECIMAL │  
│     Status          VARCHAR │  
└───────────────┬─────────────┘  
                │ *  
                │  
                │ 1  
┌───────────────▼─────────────────────────────────┐  
│                    Customer                     │  
├─────────────────────────────────────────────────┤  
│ PK  CustomerID        INT                       │  
│     FirstName         VARCHAR(50)                │  
│     LastName          VARCHAR(50)                │  
│     Email             VARCHAR(100) UNIQUE        │  
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│     PhoneNumber       VARCHAR(20) UNIQUE         │  
│     Address           VARCHAR(255)               │  
│     RegistrationDate  DATE                       │  
└─────────────────────────────────────────────────┘  
  

  
 Legend  

• PK = Primary Key  
• FK = Foreign Key  
• 1 → * = One-to-Many relationship  

o Example: One ParkingLocation holds many Bikes; One Bike 
belongs to exactly one ParkingLocation  
o   

                                  Reference list References (IEEE Format)  

plaintext  
[1] R. Elmasri and S. B. Navathe, Fundamentals of Database Systems, 
7th ed. Boston, MA, USA: Pearson Education, 2016.  
[2] T. M. Connolly and C. E. Begg, Database Systems: A Practical 
Approach to Design, Implementation, and Management, 6th ed. Harlow, 
UK: Pearson Education, 2015.  
[3] C. J. Date, An Introduction to Database Systems, 8th ed. Boston, 
MA, USA: Addison-Wesley, 2004.  
[4] E. F. Codd, “A relational model of data for large shared data 
banks,” Commun. ACM, vol. 13, no. 6, pp. 377–387, Jun. 1970.  
[5] H. Garcia-Molina, J. D. Ullman, and J. Widom, Database Systems: 
The Complete Book, 2nd ed. Upper Saddle River, NJ, USA: Prentice 
Hall, 2008.  
[6] ISO/IEC 11179-5:2015, Information technology — Metadata 
registries — Part 5: Naming and identification principles. Geneva, 
Switzerland: International Organization for Standardization, 2015.  
[7] T. Hussain, S. Shamail, and M. M. Awais, “Eliminating process of 
normalization in relational database design,” in Proc. 7th Int. 
Multi Topic Conf. (INMIC), 2003, pp. 1–6.  
 [8],” University of Sheffield Library. [Online]. Available: 
https://librarydevelopment.group.shef.ac.uk/referencing/ieee.html. Accessed: Jul. 22, 
2026.  
 

  

 
 

 

 

 

 

https://librarydevelopment.group.shef.ac.uk/referencing/ieee.html


12 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


