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1.Abstract
The PostgreSQL-based database architecture, implementation, and testing for AutoPilot Fleet, an autonomous car rental service, are described in this study. Renting self-driving cars for different lengths of time is possible with AutoPilot Fleet, and the database is made to facilitate essential business functions including managing customers, tracking vehicles, processing rental orders, managing staff, and handling payments. Ensuring that every facet of car rental services is effectively managed while preserving data integrity, security, and scalability is the database's key objective.
Redundancy has been reduced and data storage has been optimized by normalizing the database schema to the third normal form (3NF). Foreign keys are used to create relationships between things, primary keys are used to identify entities, and a variety of constraints are used to guarantee the correctness and integrity of the data. Functions, triggers, stored procedures, and transactions are also used by the database to automate and secure data management. Because of these features, the system can ensure data integrity in transactional contexts by carrying out actions like ROLLBACK and COMMIT.
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 2: Introduction
Objective and Background
A pioneer in the rental of autonomous vehicles, AutoPilot Fleet provides clients with both short-term and long-term rental services for its varied fleet of self-driving automobiles. In order to meet the growing demand for this cutting-edge service, the business needs a dependable and effective database system. In order to maintain consistency, security, and accessibility of all data, this system will handle customer profiles, car information, rental order details, payment transactions, and personnel duties.
Creating and deploying a PostgreSQL database that satisfies AutoPilot Fleet's business needs is the aim of this project. Employee administration, rental order processing, payment tracking, and customer and vehicle management are just a few of the essential functions that the database must handle. In order to support numerous users at once, the system must also be designed for security, scalability, and performance. The complete process is covered in this paper, including the database schema's design, implementation, testing, and assessment.
Scope 
The design, implementation, and testing of the database system for AutoPilot Fleet are all covered in this paper. Included in the report's scope are:

1.  Business Requirements Analysis: This involves determining the essential business procedures and how the database design reflects them. 

2.  Entity Relationship Diagram (ERD): A graphic depiction of the relationships between entities and the database structure.

3.  Database Implementation: This refers to the SQL code that is used to implement stored procedures, triggers, constraints, indexing methods, and tables.
4. Testing and Findings: An explanation of the data population procedure, constraint testing, transaction processing validation, and performance optimization.
5. Critical Evaluation: A review of the database design's advantages and disadvantages with an emphasis on scalability, transaction isolation, and multi-user management.

 3: Database Design
Business Requirements Analysis
In the highly competitive and rapidly changing sector in which AutoPilot Fleet works, effective resource management—including that of customers, vehicles, and rental orders—is essential. The database must facilitate the following essential business processes:
1. Customer Management: Comprehensive customer profiles, including contact information, payment preferences, and personal data, must be stored in the database. Clients should be able to order rentals, and the system should keep track of their feedback and rental history.
2. Vehicle Management: Data pertaining to the cars that are for rent must be managed by the database. Every car contains characteristics like capacity, make, model, and availability right now. In order to guarantee that the cars continue to function, it must also monitor the maintenance history.
3.  Employee Management: Roles, contact information, and the rental orders that employees are tasked with processing should all be included in the database. As a result, the system can monitor worker performance and burden.
4. Rental Order Management: Every rental order is a record of a customer's car rental transaction. The rental start and finish dates, the vehicle assigned to the customer, the staff member who handled the request, and the total money owed for the rental must all be tracked by the system.
5. Payment Management: Details of the payment mechanism (such as a credit or debit card) and rental order payments must be documented. To guarantee precise tracking of financial transactions, the system must link payments to particular rental orders.

Entity Relationship Diagram (ERD)
The connections between the main system entities are captured in the ERD. Every entity has pertinent qualities that characterize the stored data. Vehicle_id, make, model, capacity, and status are all included in the Vehicle entity, whereas customer_id, name, email, phone, and address are all included in the Customer entity.
The following are the connections between the entities: 
• Although a customer may have more than one rental order, each rental order is unique to that customer (1-to-many). 
• A vehicle may be rented under several rental orders, but only one vehicle is involved in each rental order (1-to-many). 
• A single employee processes each rental order, although an employee may oversee several rental orders (1-to-many). 
• Each rental order can have a single payment linked to it, guaranteeing that each order has a matching transaction (1-to-1). 
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Schema Design and Normalization (3NF)
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	1.Customer

	Attribute Name
	customerID
	firstName
	lastName
	address
	email ID
	phone.no

	Data Type
	SERIIAL
	VARCHAR(50)
	VARCHAR(50)
	TEXT
	VARCHAR(100)
	VARCHAR(16)

	Key Type
	Primary Key
	 
	 
	 
	 
	 

	Description
	Unique identifier for customers
	Customer's first name
	Customer's lastname
	Customer's residential address
	Customer's email address
	Customer's phone number





	2. Vehicle

	Attribute Name
	vehicleID
	model
	make
	year
	license plate
	status
	rentalRate Per Day

	Data Type
	SERIAL
	VARCHAR(50)
	VARCHAR(50)
	INT
	VARCHAR(15)
	VARCHAR(20)
	DECIMAL(10,2)

	Key Type
	Primary key
	 
	 
	 
	 
	 
	 

	Description
	Unique identifier for vehicles
	Model
	Manufacturer
	Year of manufacturer
	License plate
	Status(Available,etc.)
	Rental Rate Per Day



	3.Rental Order

	Attribute Name
	Rental ID
	Customer ID
	Vehicle ID
	Rental Date
	Return Date 
	Total Cost

	Date Type
	SERIAL
	INT
	INT
	DATE
	DATE
	DECIMAL(10,2)

	Key Type
	Primary Key
	Foreign Key
	Foreign Key
	 
	 
	 

	Description
	Unique identifier for rental
	Links to Customer
	Links to Vehicle
	Date rental brgins
	Expected return date
	Total rental cost



	4.Payment

	Attribute Name
	Payment ID
	Rental ID 
	Payment Method
	Payment Date
	Amount Paid

	Date Type
	SERIAL
	INT
	VARCHAR(50)
	DATE
	DECIMAL(10,2)

	Key Type
	Primary Key
	Foreign key
	 
	 
	 

	Description
	Unique identifier for payments
	Links to Rental Order
	Method of Payment(E.g.UPI )
	Date of Payment
	Amount Paid



	5.Employee

	Attribute Name
	Employee ID
	Employee Name
	phone.no
	Employee email ID

	Date Type
	SERIIAL
	VARCHAR(50)
	VARCHAR(16)
	VARCHAR(100

	Key Type
	Primary key
	 
	 
	 

	Description
	Unique identifier for employees
	employee Name's
	employee's phone number's
	employee email address



 4: Database Implementation
Table Creation with Constraints
Primary keys, foreign keys, and other required restrictions are applied while creating the tables for each entity in the database schema using SQL. These limitations guarantee that relationships between entities are appropriately maintained and enforce data integrity. For example, the RentalOrder table accesses the customerid, which is the primary key in the Customer table, as a foreign key. The RentalOrder table uses the vehicleid, the main key in the Vehicle table, to determine which car a customer has hired.
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Functions and Triggers
Triggers and functions are designed to automate processes and guarantee that specific actions are carried out automatically. For instance, an audit log function keeps track of modifications to important tables such as Rental_Order.
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Stored Procedures and Transactions
Using COMMIT and ROLLBACK, a stored procedure is developed to insert rental orders while maintaining data consistency.
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Indexing for Query Optimization
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5: Testing and Results
Data Population and Validation
The tables are filled with realistic example data to verify the database's functionality and architecture. By testing the database's behavior under typical circumstances, we can make sure that triggers, constraints, and foreign keys all function as intended.
Testing Primary and Foreign Key Constraints
Valid and invalid data are inserted into the tables during testing to make sure that the constraints are being applied. For example, in order to preserve referential integrity, attempting to put a rental order with a nonexistent customer ID or vehicle ID should result in a foreign key violation error.
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Transactional Scenarios: ROLLBACK and COMMIT
Making sure that transactions are handled appropriately is an essential component of the database. By entering rental orders and creating problems, ROLLBACK and COMMIT are tested. If an error is found, the transaction is rolled back; otherwise, it is committed.
6: Critical Evaluation
Design Justification: ERD and Schema
The company's primary business procedures form the basis of the AutoPilot Fleet database's design. A good representation of the main entities and their connections is provided by the Entity Relationship Diagram (ERD). To assure data consistency and reduce data redundancy, the design normalizes the schema to the third normal form (3NF). In order to preserve the data's integrity and lower the possibility of anomalies during insertions, updates, and removals, this normalization is crucial.
Multi-User Database Challenges and Solutions
It is crucial that the database can manage multiple concurrent transactions without causing data discrepancies in a multi-user setting. Several issues with managing databases with multiple users were addressed by the creation of the AutoPilot Fleet database:
1. Lost Updates:
Two users may try to update the same data simultaneously in multi-user situations, which might result in a lost update—where one update is overwritten. Transaction isolation levels—more especially, the Serializable isolation level—can help to reduce this problem. By guaranteeing that transactions are carried out in a sequential manner, this level avoids conflicts and makes sure that no updates are missed.
2. Uncommitted Dependencies:
This problem occurs when a transaction reads data that has been changed but not yet committed by another transaction. The isolation level Read Committed is used to avoid uncommitted dependencies. By doing this, the current transaction is guaranteed to see only data that has been committed by previous transactions. This reduces the possibility of using data that is inconsistent.
3. Inconsistent Analysis:
Inconsistent outcomes arise when a transaction reads data that has been concurrently altered by other transactions. The Repeatable Read isolation level is used to handle this, ensuring that the data read during a transaction will remain unchanged until the transaction is finished. By doing this, problems resulting from inconsistent data analysis are avoided and consistency is guaranteed.
Transaction Isolation Levels
During concurrent transactions, PostgreSQL offers multiple layers of transaction isolation to manage data visibility. The following levels have been put into place in this system:
. Serializable:
The transactions are carried out as though they were carried out consecutively, one after the other, thanks to this maximum level of isolation. A serial order of execution is enforced and rows are locked to prevent inconsistent analysis, lost updates, and uncommitted dependencies. Although data consistency is guaranteed at this isolation level, performance may suffer as a result of more transactions being locked and blocked.
. Read Committed:
A transaction only sees committed data from other transactions at PostgreSQL's default isolation level. This level of isolation is quicker than Serializable, but it might permit non-repeatable reads, meaning that if other transactions commit modifications, data may change throughout a transaction. For many applications, nevertheless, it offers a decent trade-off between consistency and performance.
. Repeatable Read:
The consistency of the data read during a transaction is guaranteed by this level. This level permits phantom reads, in which other transactions insert new rows that satisfy the query criteria, but prohibits non-repeatable reads. It permits more concurrency than Serializable and is frequently utilized when consistent views of the data are essential.
Avoiding Problems in Multi-User Environments
The AutoPilot Fleet database's design uses the following strategies to overcome typical multi-user database issues:
1.Row-Level Locking:
To guarantee that only a single transaction can alter a particular row at a time, PostgreSQL uses row-level locking. As a result, updates are not lost when multiple concurrent transactions attempt to update the same record.
2.Triggers for Auditing:
In order to maintain data integrity and accountability, triggers are utilized to monitor modifications made to important tables such as Rental_Order and Customer. The audit_log() function and its associated trigger, for example, record each addition, modification, and deletion performed to the Rental_Order table. This guarantees system accountability and transparency by offering a thorough audit trail for each change.
3.Indexing for Performance:
Because it takes less time to obtain data, indexing frequently searched fields—like email in the Customer table and status in the Vehicle table—helps improve query performance. Indexes make guarantee that even as the dataset gets bigger, queries on certain columns are run more quickly. In a multi-user setting, where query performance might affect user experience, this is very crucial.
Scalability and Future Improvements
As the business expands, the AutoPilot Fleet database design is scalable and able to manage growing data volumes. Performance is maintained yet the system may scale effectively because to the use of transaction isolation layers, optimized queries, and indexes.
Future enhancements might concentrate on:  
More query and index optimization to better manage bigger datasets. 
• If the number of cars or clients increases dramatically, the database can be partitioned or sliced for even more scalability. 
• Improving the database's analytics and reporting features to facilitate sophisticated business intelligence. 

 7: Conclusion
The PostgreSQL database design and implementation for AutoPilot Fleet has effectively satisfied the company's business requirements. The database guarantees the effective management of every facet of the autonomous car rental service by concentrating on customer management, vehicle monitoring, rental order processing, employee assignment, and payment tracking. Because the system is built to manage a lot of data and transactions, AutoPilot Fleet will be able to expand its business as the need for its services increases.
Best practices for normalizing are followed in the database design, guaranteeing that the data is organized to reduce redundancy and preserve integrity. Data entered into the system is guaranteed to be legitimate and consistent through the use of check constraints, primary keys, and foreign keys. Furthermore, features like functions, triggers, and stored procedures improve the system's efficiency and security by automating repetitive processes.
The system operates as intended, with all restrictions and business rules enforced, according to testing of the database using realistic sample data. Indexing for frequently searched fields is one of the performance optimizations that have been put in place to make sure the system can effectively handle growing data volumes.
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-~ Rentalorder Table: Manages rental bookings
CREATE TABLE Rentalorder (

)5

RentalID INT PRIMARY KEY, -- Unique ID for each rental
CustomerID INT, 1ID of the customer placing the order
vehicleID INT, ID of the vehicle being rented
RentalDate DATE, -- Start date of rental

ReturnDate DATE, End date of rental

BookingDate DATE, Date when the booking was made

TotalCost DECIMAL(10, 2), -~ Total cost of the rental
FOREIGN KEY (CustomerID) REFERENCES Customer(CustomerID), -- Links to Customer table
FOREIGN KEY (VehicleID) REFERENCES Vehicle(VehicleID) -~ Links to Vehicle table

-~ payment Table: Stores payment information
CREATE TABLE Payment (

)5

PaymentID INT PRIMARY KEY,
RentalID INT UNIQUE,

-~ Unique 1D for each payment
1D of the rental being paid for

PaymentMethod VARCHAR(20), -~ Payment method used (e.g., Credit Card, PayPal)
PaymentDate DATE, -- Date of the payment

AmountPaid DECIMAL(10, 2), -~ Total amount paid

FOREIGN KEY (RentalID) REFERENCES Rentalorder(RentalID) - Links to RentalOrder table
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-~ STEP 2: Adding Sample Data

- Adding customers to the database

INSERT INTO Customer (CustomerID, FirstName, LastName, Address, EmailID, PhoneNo) VALUES
(9, 'Haish', ‘Puppala’, ‘213 High Street’, ‘harishpuppaala@gmail.com’, '07712434014'),
(10, 'Praveen’, 'Dandla‘, '42 Mount Pleasant’, 'praveendandla2i@gmail.com’, '07118824507'),
(11, 'Rupesh’, 'Dhandugula’, 'S61 Kings Road’, 'rupesh_rc@gmail.com’, '07960393277'),

(12, 'Manjula', 'Padakanti’, '121 St Helens', ‘manjureddy@gmail.com', '©7882245041');

-~ Adding employees to the database

INSERT INTO Employee (EmployeeID, EmployeeName, PhoneNo, EmployeeEmailID) VALUES
(9, 'Naveen', '07881145040', 'naveendandla@gmail.com'),

(8, 'vishnu', '9988776655", 'vishnukumar@gmail.com'),

(7, 'Teffy', '6677889900", 'teffydaniel@gmail.com'),

(6, 'Prathamesh’, '3344556677', 'prathamesh3@gmail.com’);

-- Adding vehicles to the database

INSERT INTO Vehicle (VehicleID, Model, Make, Year, LicensePlate, Status, RentalRatePerDay) VALUES
(91, 'Civic', 'Honda®, 2019, 'RDX224', 'Available’, 60.00),

(92, 'Model S', 'Tesla', 2020, 'FYR420', 'Available’, 130.00),

(93, 'Corolla’, 'Toyota', 2024, 'ENR620', 'Rented’, 90.00),

(94, 'Accord’, 'Honda', 2022, 'PQR999', 'Under Maintenance’, 70.00);

-- Adding rental orders to the database

INSERT INTO RentalOrder (RentalID, CustomerID, VehicleID, RentalDate, ReturnDate, BookingDate, TotalCost) VALUES
(80, 9, 91, '2024-11-20", '2024-11-25', '2024-11-18', 300.00),

(81, 10, 92, '2024-11-22°, '2024-11-28", '2024-11-21", 780.00),

(82, 11, 93, '2024-11-15', '2024-11-20", '2024-11-14°, 450.00),

(83, 12, 94, '2024-11-10', '2024-11-15', '2024-11-08", 350.00);
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-~ Adding payments to the database
INSERT INTO Payment (PaymentID, RentallD, PaymentMethod, PaymentDate, AmountPaid) VALUES
(1, 80, 'Credit Card’, '2024-11-18", 300.00),

(2, 81, 'PayPal’, '2024-11-21', 780.00),

(3, 82, 'Cash’, '2024-11-14", 450.00),

(4, 83, 'Debit Card’, '2024-11-08', 350.00);

SELECT * from Customer;
SELECT * from Employee;
SELECT * from Vehicle ;
SELECT * from Rentalorder;
SELECT * from Payment;
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Output:

CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE TABLE
INSERT @ 4
INSERT @ 4
INSERT @ 4
INSERT @ 4
INSERT @ 4
customerid |

(4 rows)

employeeid |

(4 rows)

firstname

Haish
Praveen
Rupesh

Manjula

lastname |

| 213 High Street | harishpuppaala@gmail.com

Puppala

Dandla | 42 Mount Pleasant | praveendandla21@gmail.com |

Dhandugula | 561 Kings Road | rupesh_rc@gmail.com

Padakanti | 121 St Helens | manjureddy@gmail.com
phoneno |  employeeemailid

employeenane |

Naveen
Vishnu
Teffy
Prathamesh

R feee

07881145040 | naveendandla@gmail.com

9988776655
6677889900
3344556677

| vishnukumar@gmail.com
| teffydaniel@gmail.com
| prathamesh3@gmail.com

phoneno

07712434014
07118824507
07960393277
07882245041
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91 | Civic | Honda

92 | Model s | Tesla | 2020

93 | corolla | Toyota | 2024

94 | Accord | Honda | 2022
(4 rows)

rentalid | customerid | vehicleid

| 2019

| RDX224 | Available
| FYR420 | Available
| ENR620 | Rented

| PQR999 | under Mail

rentaldate | returndate |

ntenance 70.00

bookingdate | totalcost

80 | 9 91 |
81 10 | 92 |
82 11 | 93 |
83 | 12 | 9 |
(4 rows)
paymentid | rentalid | paymentmethod |

2024-11-20 | 2024-11-25
2024-11-22 | 2024-11-28
2024-11-15 | 2024-11-20
2024-11-10 | 2024-11-15

2024-11-18 | 300.00
2024-11-21 | 780.00
2024-11-14 | 450.00
2024-11-08 | 350.00

d

(4 rows)

1] 80 | Credit card
2 81 | PayPal

3 82 | cash

4| 83 | Debit card

paymentdate | amountpai
| 2024-11-18 | 300. 01
| 2024-11-21 | 780.01
| 2024-11-14 | 450. 0
| 2024-11-08 | 350. 01




image9.png
Creating Triggers and FUNCTION

-~ Trigger for auditing changes in the Vehicle table
CREATE OR REPLACE FUNCTION log vehicle audit() RETURNS TRIGGER AS $$
BEGIN
-- Log the action in VehicleAudit table
INSERT INTO VehicleAudit (VehicleID, ActionType, ActionTimestamp)
VALUES (NEW.VehicleID, TG OP, CURRENT TIMESTAMP);
RETURN NEW;
END;
$$ LANGUAGE plpgsql;

CREATE TRIGGER vehicle audit_trigger
AFTER INSERT OR UPDATE OR DELETE ON Vehicle
FOR EACH ROW EXECUTE FUNCTION log vehicle audit();
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CREATE FUNCTION
CREATE TRIGGER
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-- Stored procedure to handle rental transactions
CREATE OR REPLACE FUNCTION process_rental(customer_id INT, vehicle id INT, rental date DATE, return_date DATE, total cost DECIMAL)
RETURNS VOID AS $$
DECLARE
available status VARCHAR;
BEGIN
-- Check if the vehicle is available
SELECT Status INTO available status FROM Vehicle WHERE VehicleID = vehicle id;

IF available status != "Available’ THEN
RAISE EXCEPTION 'Vehicle is not available for booking.
END IF;

-~ Process the booking transaction

BEGIN
INSERT INTO RentalOrder (CustomerID, VehicleID, RentalDate, ReturnDate, BookingDate, TotalCost)
VALUES (customer_id, vehicle id, rental date, return_date, CURRENT DATE, total cost);

UPDATE Vehicle SET Status = 'Rented’ WHERE VehicleID = vehicle_id;

COMMIT; -- Commit the transaction
EXCEPTION
WHEN OTHERS THEN
ROLLBACK; -- Rollback in case of any error
RATSE;
END;
END;
$$ LANGUAGE plpgsql;
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CREATE FUNCTION
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- STEP 5: Indexing for Performance

-~ Adding indexes to optimize query performance
CREATE INDEX idx_customer_email ON Customer(EmailID); -- Search customers by email
CREATE INDEX idx_vehicle status ON Vehicle(Status); -~ Search vehicles by status
CREATE INDEX idx rental date ON RentalOrder(RentalDate); -- Search orders by rental date
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-~ Testing CHECK constraint on Vehicle Status

INSERT INTO Vehicle (VehicleID, Model, Make, Year, LicensePlate, Status, RentalRatePerDay)
VALUES (95, 'Camry’, 'Toyota', 2021, 'Xvz123', 'InvalidStatus’, 80.00);

-- This will fail because ‘InvalidStatus’ is not allowed in the CHECK constraint.

-~ Testing CHECK constraint on Vehicle vear

INSERT INTO Vehicle (VehicleID, Model, Make, Year, LicensePlate, Status, RentalRatePerDay)
VALUES (96, 'Altima‘, 'Nissan', 1899, 'ABC123', 'Available’, 75.00);

- This will fail because the year is outside the valid range (>=1900).

-~ Testing UNIQUE constraint on LicensePlate

INSERT INTO Vehicle (VehicleID, Model, Make, Year, LicensePlate, Status, RentalRatePerDay)
VALUES (97, 'Civic', 'Honda', 2022, 'RDX224", 'Available', 65.00);

—- This will fail because the License plate already exists.
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psql:commands.sql:165: ERROR: new row for relation "vehicle” violates check constraint "vehicle status check”
DETAT! Failing row contains (95, Camry, Toyota, 2021, XYZ123, InvalidStatus, 80.00).
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Customer

Customer ID-PK(int)
first Name(Char)
last Name(Char)
address(var char)
email ID(var char)
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Payment
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-- Customer Table: Stores details about customers
CREATE TABLE Customer (

CustomerID INT PRIMARY KEY, -~ Unique ID for each customer
Firsthame VARCHAR(50), -~ Customer’s first name
LastName VARCHAR(50), -~ Customer’s Last name
Address VARCHAR(100), -~ Customer’s address

EmailID VARCHAR(100), -~ Customer's email address
PhoneNo VARCHAR(15), -~ Customer’s phone number

CONSTRAINT chk_phone_no CHECK (PhoneNo ~ '~[0-9]{10,15}$%") -- Ensures valid phone number format

)5

-~ Employee Table: Stores details about employees
CREATE TABLE Employee (

EmployeeID INT PRIMARY KEY, -~ Unique ID for each employee
EmployeeName VARCHAR(50), -~ Employee’s name

PhoneNo VARCHAR(15), -~ Employee’s phone number
EmployeeEmailID VARCHAR(100) -~ Employee’s email ID

)5

-- Vehicle Table: Stores information about vehicles
CREATE TABLE Vehicle (

VehicleID INT PRIMARY KEY, -- Unique ID for each vehicle

Model VARCHAR(50), -~ Model of the vehicle

Make VARCHAR(50), -- Manufacturer of the vehicle

Year INT CHECK (Year >= 1900 AND Year <= EXTRACT(YEAR FROM NOW())), -- Valid vehicle year
LicensePlate VARCHAR(20) UNIQUE, -- Vehicle License plate number (must be unique)

Status VARCHAR(20) CHECK (Status IN ('Available’, 'Rented’, ‘Under Maintenance')), -- Vehicle status
RentalRatePerDay DECIMAL(10, 2) -~ Cost to rent per day

)5




