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1. Abstract

The design and implementation of a PostgreSQL database for London-based Autopilot Fleet, an autonomous car rental service, is presented in this report. The system manages customer orders, maintenance, feedback, and car rentals while maintaining data performance and integrity. To handle data effectively and preserve reliable processes, it makes use of normalization, constraints, transactions, and triggers. The database is designed to facilitate scalability and provide a seamless user experience for rental management and associated procedures.

2. Introduction

Autopilot Fleet wants to use a new database system to enhance its car rental business. In a multi-user setting, the system will oversee automobiles, client communications, orders, and maintenance. Important data will be stored, data integrity will be preserved by normalization, and excellent performance will be guaranteed through the use of indexing and transaction management. Simplifying processes and offering dependable, effective service to both clients and employees are the objectives.












3. Entity Relationship Diagram(ERD)

The relationships between the entities involved were represented by an Entity Relationship Diagram (ERD) for the AutoPilot Fleet database system. Vehicle, Customer, Rental_Order, Maintenance, and Feedback were the entities that were found. Illustrations are provided of relationships like the one-to-many relationship between rental orders and customers and the one-to-many relationship between vehicles and maintenance records.
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4. Database Schema

The database schema was designed to ensure that all data is stored in a way that reduces redundancy and dependency. The schema follows the principles of Third Normal Form (3NF) to maintain data integrity. For example, each table has a primary key, and foreign key relationships ensure that references to other tables are consistent. The schema also includes check constraints to enforce business rules, such as valid rental durations and customer ratings.
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5. Implementation
 5.1 Creating Tables with SQL Code
 5.2 Referential Integrity Constraints 
  5.3 Check Constraints 
  5.4 Filling Tables with Sample Data 
  5.5 Testing Constraints  
  5.6 Transaction Rollback and Commit 
   5.7 Secondary Indexes for Performance Tuning 
   5.8 Functions and Triggers
6.Screenshots of Implementation

7. Evaluation of Design and Implementation

By using transaction isolation layers like Serializable to prevent concurrency problems, the database schema design effectively supports multi-user situations. While check constraints keep bad data out of the system, the usage of foreign keys guarantees data consistency.

8. Discussion on Key Concepts
8.1 Rollback
8.2 Commit
8.3 Functions
8.4 Triggers
8.5 Procedures
8.6 Transactions
8.7 Indexing




9. References

10. Future Scope

The system might be improved in the future to accommodate demand-driven pricing models and dynamic vehicle availability. Operations could be further optimized by incorporating machine learning techniques to forecast vehicle repair schedules.

11. Appendix
CREATE TABLE Vehicle (
    vehicle_id SERIAL PRIMARY KEY,
    make VARCHAR(100) NOT NULL,
    model VARCHAR(100) NOT NULL,
    capacity INT NOT NULL CHECK (capacity > 0),
    features TEXT
);
CREATE TABLE Customer (
    customer_id SERIAL PRIMARY KEY,
    name VARCHAR(100) NOT NULL,
    email VARCHAR(100) UNIQUE NOT NULL,
    phone_number VARCHAR(20),
    address TEXT,
    registration_date DATE DEFAULT CURRENT_DATE
);
CREATE TABLE Rental_Order (
    order_id SERIAL PRIMARY KEY,
    customer_id INT REFERENCES Customer(customer_id) ON DELETE CASCADE,
    vehicle_id INT REFERENCES Vehicle(vehicle_id) ON DELETE CASCADE,
    rental_start_date DATE NOT NULL,
    rental_end_date DATE NOT NULL,
    total_amount DECIMAL(10, 2) CHECK (total_amount > 0)
);
CREATE TABLE Maintenance (
    maintenance_id SERIAL PRIMARY KEY,
    vehicle_id INT REFERENCES Vehicle(vehicle_id) ON DELETE CASCADE,
    maintenance_date DATE NOT NULL,
    description TEXT
);
CREATE TABLE Feedback (
    feedback_id SERIAL PRIMARY KEY,
    order_id INT REFERENCES Rental_Order(order_id) ON DELETE CASCADE,
    vehicle_id INT REFERENCES Vehicle(vehicle_id),
    rating INT CHECK (rating BETWEEN 1 AND 5),
    comments TEXT
);

INSERT INTO Vehicle (make, model, capacity, features) VALUES
('Tesla', 'Model S', 5, 'Autopilot, Electric, Sedan'),
('BMW', 'i8', 2, 'Electric, Sports Car, Hybrid'),
('Audi', 'A8', 5, 'Autopilot, Luxury Sedan, Hybrid'),
('Mercedes', 'EQC', 5, 'Electric, Luxury SUV, 4WD'),
('Ford', 'Mustang Mach-E', 5, 'Electric, SUV, Sports Performance');

INSERT INTO Customer (name, email, phone_number, address) VALUES
('Rajkumar', 'rajkumar12@gmail.com', '7881142511', '12 james Street'),
('RajaShekar', 'rajashekar23@gmail.com', '7881142512', '45 uplands'),
('Rajesh', 'rajesh34@gmail.com', '7881142513', '52 james garden'),
('Raghupathi', 'raghupathi45@gmail.com', '7881142513', '83 westburry'),
('Nikhil varma', 'nikhilvarma26@gmail.com', '7881142512', '45 uplands');

INSERT INTO Rental_Order (customer_id, vehicle_id, rental_start_date, rental_end_date, total_amount) VALUES
(1, 1, '2024-12-01', '2024-12-10', 500.00),  
(2, 2, '2024-12-05', '2024-12-15', 800.00),  
(3, 3, '2024-12-05', '2024-12-15', 1200.00), 
(4, 4, '2024-12-05', '2024-12-15', 1700.00), 
(5, 5, '2024-12-05', '2024-12-15', 2000.00); 

INSERT INTO Maintenance (vehicle_id, maintenance_date, description) VALUES
(1, '2024-11-15', 'Battery Check'),        
(2, '2024-11-20', 'Tire Replacement'),     
(3, '2024-11-25', 'Oil Change');           

INSERT INTO Feedback (order_id, vehicle_id, rating, comments) VALUES
(1, 1, 5, 'Great experience with Tesla Model S!'), 
(2, 2, 4, 'BMW i8 was fun, but a bit noisy.');   

CREATE FUNCTION calculate_rental_duration(start_date DATE, end_date DATE)
RETURNS INT AS $$
BEGIN
    RETURN (end_date - start_date);
END;
$$ LANGUAGE plpgsql;

CREATE OR REPLACE FUNCTION audit_customer_insert()
RETURNS TRIGGER AS $$
BEGIN
    INSERT INTO Audit_Log (action, table_name, record_id, timestamp)
    VALUES ('INSERT', 'Customer', NEW.customer_id, CURRENT_TIMESTAMP);
    RETURN NEW;
END;
$$ LANGUAGE plpgsql;

CREATE TRIGGER customer_insert_trigger
AFTER INSERT ON Customer
FOR EACH ROW EXECUTE FUNCTION audit_customer_insert();

CREATE PROCEDURE process_rental_order(
    p_customer_id INT,
    p_vehicle_id INT,
    p_start_date DATE,
    p_end_date DATE,
    p_total_amount DECIMAL(10,2)
)
LANGUAGE plpgsql
AS $$
BEGIN
    INSERT INTO Rental_Order (customer_id, vehicle_id, rental_start_date, rental_end_date, total_amount)
    VALUES (p_customer_id, p_vehicle_id, p_start_date, p_end_date, p_total_amount);
END;
$$;

BEGIN;

INSERT INTO Rental_Order (customer_id, vehicle_id, rental_start_date, rental_end_date, total_amount)
VALUES (1, 1, '2024-12-01', '2024-12-10', 500.00);

COMMIT;

CREATE INDEX idx_customer_email ON Customer(email);

CREATE INDEX idx_rental_order_dates ON Rental_Order(rental_start_date, rental_end_date);
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