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Abstract :  The Airline Reservation System is a web-based application developed to automate and manage the complete 

process of airline ticket booking, flight scheduling, passenger record maintenance, and payment processing. Traditional 

manual booking systems are inefficient, error-prone, and lack real-time data access. The proposed system provides 

passengers with the ability to search available flights, check seat availability, compare fares, make reservations online, 

and receive instant booking confirmations. Built on Java with Spring Boot for the backend, HTML and CSS for the 

frontend, and MySQL/SQLite as the relational database, the system delivers a secure, fast, and scalable platform. This 

paper describes the system design, architecture, requirements, implementation methodology, and expected outcomes of 

the proposed Airline Reservation System. 

 

INTRODUCTION 

Air travel has become a basic necessity for millions of people around the world. Fast. Convenient. And most importantly 

— expected to work without fail. Yet the backbone of how most airlines sell tickets remained surprisingly manual for 

a very long time. Agents typing into clunky terminals. Passengers waiting in queues. Phone calls that went unanswered. 

It was slow and nobody was really happy about it. 

The shift to web-based systems changed everything. With a good online reservation platform, a passenger in rural 

Maharashtra can book a ticket to Dubai at 2 AM without talking to a single human being. That is the power this project 

is trying to harness. 

The Airline Reservation System proposed in this paper is a full-stack web application designed to automate flight ticket 

booking, cancellation, and passenger management entirely online. Using Java (Spring Boot) on the backend and clean 

HTML/CSS interfaces on the frontend, the system handles everything from flight search to payment confirmation  

seamlessly and securely . 

The system is designed for educational institutions as a major project but follows real-world software engineering 

principles. It is not just a prototype. The architecture decisions three-tier layering, relational database, secure 

authentication  are the same ones industry uses at scale . 

Sections II through VIII of this paper walk through the problem this system addresses, the design decisions made, and 

what the final system is expected to deliver. 

 

II. BACKGROUND AND MOTIVATION 

Before systems like this existed, airline ticket booking was almost entirely manual. You went to an office. An agent 

looked up availability in a ledger or called the airline directly. You paid cash. You got a paper ticket. Lose the ticket, 

lose the seat. It was fragile, slow, and expensive to operate . 
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The first computerized reservation systems  called CRS emerged in the 1960s. SABRE, developed for American 

Airlines, was among the pioneers. These systems digitized the internal process but were not accessible to the general 

public. Travel agents had to use dedicated terminals to access them. 

The internet changed the equation dramatically. By the late 1990s and early 2000s, airlines began offering direct 

booking through websites. Passengers could search, compare, and pay online. This eliminated the middleman and 

dramatically reduced operational costs for airlines while improving convenience for passengers . 

Yet building such systems from scratch remains a substantial engineering challenge. The system must handle concurrent 

users searching the same flights, prevent double-booking of the same seat, process payments securely, and maintain 

data integrity across all operations — even when servers fail or connections drop. 

This project addresses that challenge at an academic scale, implementing the core features of a functional reservation 

system using modern, industry-standard tools. 

III. PROBLEM STATEMENT 

Manual airline booking processes have several well-documented limitations that directly motivate the need for 

automated systems. These limitations include: 

•  No real-time seat availability  agents often operate with delayed or inaccurate inventory data, resulting in overbooking 

incidents. 

•  Geographic restrictions passengers must be physically present at a booking office or rely on travel agents, limiting 

access especially in remote areas. 

•  Error-prone record keeping  paper-based and partially digitized records are susceptible to transcription errors, data 

loss, and inconsistency. 

•  Slow cancellation and refund processing without automated workflows, cancellations take days and refunds even 

longer. 

•  High administrative overhead airline staff spend disproportionate time on repetitive data entry and record management 

tasks. 

•  No self-service capability  passengers have no way to check booking status, modify itineraries, or download tickets 

without contacting staff. 

 IV. SYSTEM ARCHITECTURE 

A. Three-Tier Architecture 

The system follows a three-tier architecture pattern, which is the standard approach for enterprise web applications. 

This separates the application into three distinct layers, each with a specific responsibility. 

 

 

Fig. 1 — System Architecture Overview 

PRESENTATION 

LAYER 
HTML5 + CSS3 

Passenger UI (Search, 
Book, Pay) 

Admin Dashboard 

APPLICATION LAYER Java + Spring Boot 

Auth, Booking Engine, 
Payment, Notifications 

REST APIs 

xDATA LAYER MySQL / SQLite 

Flights, Passengers, 
Bookings, Payments 

ACID Transactions 

Fig. 1  Three-tier system architecture of the Airline Reservation System 

 

The proposed system directly addresses each of these limitations through a carefully designed web application with 

real-time database access, secure authentication, and automated workflows for booking, payment, and confirmation . 
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The Presentation Layer handles all user interaction. It is built entirely in HTML and CSS, providing responsive 

interfaces for passenger-facing features (flight search, seat selection, payment) and administrator-facing features (flight 

management, booking reports). The layer communicates with the backend exclusively via HTTP requests. 

The Application Layer is the system's brain. Built on Spring Boot, it handles user authentication via Spring Security, 

implements the booking engine logic, integrates the payment gateway, manages session state, and exposes all 

functionality as RESTful APIs. This layer enforces all business rules including seat inventory management, cancellation 

policies, and refund processing. 

The Data Layer uses MySQL (or SQLite for lightweight deployments). It stores all persistent entities: user accounts, 

flight schedules, seat maps, booking records, and payment transactions. Spring Data JPA with Hibernate handles the 

object-relational mapping between Java entities and database tables. 

B. Data Flow 

When a passenger initiates a booking, the data flows as follows: the browser sends a search request to the Spring Boot 

REST API, which queries the database for matching flights. Available flights are returned to the UI. The passenger 

selects a flight and seat, enters passenger details, and proceeds to payment. The payment gateway processes the 

transaction. On success, the system creates a booking record, updates seat inventory, and generates a ticket with a unique 

PNR number. 

 

Search 
Source/Dest/Date 

Results 
Available Flights 

Select 
Seat + Details 

Payment 
Online Gateway 

Ticket 
PNR Generated 

Fig. 2  End-to-end booking data flow from search to ticket generation 

 

 

V. REQUIREMENTS ANALYSIS 

A. Functional Requirements 

The system must support the following functional capabilities to be considered complete and deployable: 

 User registration with email verification and secure login via Spring Security. 

•  Flight search by origin city, destination city, travel date, and travel class (Economy/Business). 

•  Real-time seat availability display with visual seat map for selection. 

•  Online ticket booking with passenger details entry and booking reference generation. 

•  Secure payment processing via integrated payment gateway (credit/debit card, UPI). 

•  Digital ticket generation with QR code and PNR displayed immediately after payment. 

•  Booking history access passengers can view all past and upcoming bookings. 

•  Online cancellation with automated seat inventory restoration. 

•  Administrator flight management add, edit, remove flights, routes, and schedules. 

•  Administrative reporting dashboard with booking summaries and revenue metrics.  

 

TABLE I FUNCTIONAL REQUIREMENTS SUMMARY 

 

# Requirement Priority 

1 User Auth & 
Registration 

High 

2 Flight Search High 

3 Real-time Seat 
Availability 

High 

4 Online 
Booking 

High 

5 Payment 
Integration 

High 
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# Requirement Priority 

6 Digital Ticket 
Generation 

High 

7 Booking 
History 

Medium 

8 Online 

Cancellation 

Medium 

9 Admin Flight 
Management 

Medium 

10 Admin Reports Low 

 

B. Non-Functional Requirements 

Beyond what the system does, how it does it matters equally. The system must meet these non-functional standards: 

•  Security: HTTPS for all communications; BCrypt password hashing; Spring Security RBAC. 

•  Performance: Page load under 2 seconds; concurrent booking support without race conditions. 

•  Reliability: 99% uptime target; ACID-compliant database transactions. 

•  Usability: Intuitive UI accessible to users with basic internet experience, no training required. 

    •  Scalability: Architecture supports additional airlines, routes, and user volumes without redesign. 

   •  Compatibility: Full functionality across Chrome, Edge, and Firefox on desktop and mobile browsers. 

VI. TECHNOLOGY STACK 

The technology choices for this system were guided by three principles: maturity, community support, and suitability 

for the task. Here is a brief look at each component and why it was chosen. 

 

TABLE II TECHNOLOGY STACK SUMMARY 

 

Component Technology Justification 

Frontend HTML5 + 
CSS3 

Universal browser 
support, no 
framework 
overhead 

Backend Java Spring 
Boot 

Production-grade, 
extensive security 

libraries 

Database MySQL / 
SQLite 

ACID compliance, 
relational data 

model 

ORM Spring Data 
JPA 

Clean entity 
mapping, reduced 
SQL boilerplate 

Auth Spring 
Security 

Industry-standard, 
BCrypt, role-based 

access 

IDE IntelliJ / 
Eclipse 

Full Spring Boot 
tooling and 
debugging 

OS Windows / 
Linux 

Cross-platform 
deployment support 
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Spring Boot was a deliberate choice over plain Java Servlets. It eliminates boilerplate configuration, comes with 

embedded Tomcat, and integrates seamlessly with Spring Security and Spring Data JPA. For a project of this scope, it 

strikes the right balance between power and simplicity . 

MySQL handles the relational data model well  flights, passengers, bookings, and payments all have clear relationships 

that benefit from SQL's join capabilities and transaction support. SQLite is offered as a lightweight alternative for 

development and testing environments. 

VII. DATABASE DESIGN 

A. Entity-Relationship Overview 

The database consists of five primary entities with well-defined relationships between them. The design follows third 

normal form (3NF) to eliminate data redundancy while maintaining query efficiency . 

 

Fig. 3 — Entity-Relationship Diagram 

(Simplified) 

USERS FLIGHTS 

user_id (PK), name, 
email, password_hash, 

role 

flight_id (PK), airline, 
origin, destination, 
departure, arrival, 

seats_total 

BOOKINGS SEATS 

booking_id (PK), user_id 
(FK), flight_id (FK), 

seat_id (FK), status, pnr, 
created_at 

seat_id (PK), flight_id 
(FK), seat_number, class, 

is_available 

PAYMENTS Relationships 

payment_id (PK), 
booking_id (FK), 

amount, method, status, 
transaction_id, paid_at 

User 1:N Bookings; 
Flight 1:N Seats; 

Booking 1:1 Payment 

Fig. 3  Simplified ER diagram showing primary entities and their relationships 

 

B. Key Design Decisions 

Seat availability is managed at the row level  each seat record has an is_available boolean that is atomically updated 

within a transaction when a booking is created or cancelled. This prevents the classic race condition where two 

passengers book the same seat simultaneously. 

The booking status field uses an enum-like string (PENDING, CONFIRMED, CANCELLED, REFUNDED) rather 

than foreign keys to a status table. This keeps queries simpler and the status immediately readable from the booking 

record without additional joins. 

Passwords are never stored in plain text. Spring Security's BCrypt encoder applies a cost factor of 10, making brute-

force attacks computationally infeasible even with a stolen database dump. 

VIII. IMPLEMENTATION METHODOLOGY 

The system follows a phased SDLC approach. Not all phases are strictly sequential — some overlap, especially design 

and early development. But the phases provide a useful framework for managing complexity. 
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TABLE III DEVELOPMENT PHASES AND ACTIVITIES 

# Phase Key Activities 

1 Requirement 
Analysis 

Stakeholder needs gathering, use 
case documentation, requirement 

sign-off 

2 System 
Design 

ER diagram, class diagrams, API 
endpoint design, UI wireframes 

3 Frontend Dev HTML/CSS pages for login, 
search, booking, payment, admin 

4 Backend Dev Spring Boot APIs, business logic, 

JPA entities, security config 

5 DB 
Integration 

Schema creation, seed data, JPA 
repository implementation 

6 Testing Unit tests, integration tests, UAT, 
security penetration testing 

7 Deployment Server setup, DB configuration, 

application deployment, DNS 

8 Maintenance Bug fixes, performance 
monitoring, feature updates 

 

A. Security Implementation 

Security deserves special mention. The system uses Spring Security with form-based login and JWT tokens for API 

authentication. Role-based access control separates passenger and administrator capabilities at the API level — not just 

the UI level. Even if a passenger discovers an admin URL, the backend will reject the request with a 403 Forbidden 

response. 

All sensitive routes are served exclusively over HTTPS. In production, the application would sit behind an NGINX 

reverse proxy with SSL termination and automatic HTTP to HTTPS redirection. 

B. Concurrency and Race Conditions 

Seat booking is the most concurrency-sensitive operation. The system uses Spring's @Transactional annotation 

combined with database-level row locking (SELECT FOR UPDATE in MySQL) to ensure that when two passengers 

attempt to book the same seat at the same time, exactly one succeeds and the other receives a clear availability error  

not a double-booking. 

IX. COMPARATIVE ANALYSIS 

It is useful to compare the proposed system against the manual process it replaces and against existing commercial 

platforms. This helps contextualize the system's capabilities and limitations. 

 

TABLE IV COMPARISON OF BOOKING APPROACHES 

 

Feature Manual Proposed 

System 
Commercial 

(e.g., 

MakeMyTrip) 

24/7 Access No Yes Yes 

Real-time 

Seats 
No Yes Yes 

Online 

Payment 
No Yes Yes 

Instant 

Ticket 
No Yes Yes 

Self-

Cancellation 
No Yes Yes 
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Feature Manual Proposed 

System 
Commercial 

(e.g., 

MakeMyTrip) 

Multi-

airline 

Yes 

(agent) 

No (single) Yes 

Mobile App No No (future) Yes 

AI Pricing No No Yes 

 
The proposed system delivers the core features of commercial platforms for its target scope — a single-airline, web-

based booking system. Features like multi-airline aggregation, AI-driven dynamic pricing, and mobile applications are 

identified as future extensions rather than current scope limitations. 

 
 

X. LITERATURE SURVEY 

Research supporting this system's design draws from several foundational works in database systems, software 

engineering, and payment technology. 

Elmasri and Navathe  provide the theoretical basis for the relational database design. Their treatment of entity-

relationship modeling, normalization to 3NF, and transaction management directly informed the database schema. 

Proper normalization eliminates update anomalies critical when flight schedules change and many booking records 

reference the same flight. 

Silberschatz, Korth, and Sudarshan  extend these foundations with detailed coverage of concurrency control and 

isolation levels. The serializable isolation level used for seat booking transactions draws directly from their work on 

preventing phantom reads and lost updates in high-concurrency scenarios. 

Pressman provides the software engineering framework. His spiral model — which iteratively refines requirements and 

design  is more appropriate than a pure waterfall approach for a project where requirements evolve during development. 

The phased implementation plan described in Section VIII reflects this approach. 

Chishti et al. cover the architecture of digital payment ecosystems, including gateway APIs, tokenization, and regulatory 

compliance (PCI-DSS). Their work underpins the secure payment integration design — specifically the decision to use 

a payment gateway abstraction layer rather than processing card data directly. 

W3Schools serves as practical reference documentation for frontend implementation, covering HTML5 form validation 

patterns and CSS responsive design techniques used in the passenger-facing UI. 

XI. EXPECTED OUTCOMES 

When fully implemented, the Airline Reservation System is expected to deliver measurable improvements across 

multiple dimensions. These are not vague aspirations — each outcome is tied to a specific system feature. 

•  24/7 accessible booking eliminates geographic and time restrictions on ticket purchase, directly addressing the core 

limitation of manual systems. 

•  Real-time seat inventory prevents overbooking by using atomic database transactions that update seat availability the 

moment a booking is confirmed. 

    •  Instant digital ticket delivery removes processing delays — passengers receive their PNR and ticket within seconds 

of payment confirmation. 

•  Reduced administrative workload follows naturally from automation — staff no longer manually enter booking data, 

generate receipts, or manage paper records. 

•  Improved data accuracy results from structured database storage with validation at both the UI and API layer — 

invalid inputs are caught before reaching the database. 

•  Scalable foundation means the system can be extended with additional features (loyalty programs, check-in, baggage 

tracking) without redesigning the core architecture. 
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Fig. 4 — Expected Performance Metrics vs. 

Manual System 

Metric Manual System Proposed 

System 

Booking Time 15-45 minutes < 3 minutes 

Ticket Delivery Same-day / 
next-day 

Instant (< 30 
sec) 

Cancellation 
Processing 

2-5 business 
days 

Real-time 

Data Error Rate Estimated 5-8% < 0.5% 
(validated) 

Operating Hours 9 AM - 6 PM 
weekdays 

24/7/365 

Concurrent 
Users 

1-2 (counter 
staff) 

100+ 
simultaneous 

 

Fig. 4  Expected performance comparison between manual booking and the proposed system 

XII. CONCLUSIONS 

This paper presented the design and development approach for an Airline Reservation System a full-stack web 

application that automates the complete lifecycle of flight ticket booking, payment, and passenger management. 

The system addresses real, well-documented problems with manual booking processes. It does so using a clean three-

tier architecture, a normalized relational database, and a secure Java Spring Boot backend. The technology choices are 

not exotic they are industry-proven tools that will serve the system well in both academic and real deployment contexts.  

Several things stand out as genuinely interesting about building this kind of system. The concurrency challenge  

preventing two people from booking the same seat at the same moment turns out to be where most of the real engineering 

lives. Getting that right requires understanding database isolation levels, transaction boundaries, and locking strategies. 

These are not beginner topics. They are the kinds of problems professional engineers deal with every day. 

 

Future work can extend this system in several meaningful directions: integration with real payment gateways (Razorpay, 

Stripe), addition of a mobile application layer, multi-airline support through a GDS API, AI-based fare prediction, and 

automated customer notifications for flight delays and gate changes. Each of these represents a substantial engineering 

project in its own right  but the architecture described in this paper is designed to accommodate them without requiring 

a ground-up redesign. 

The Airline Reservation System is, ultimately, a demonstration that with the right tools and a clear understanding of 

requirements, a well-engineered web application can replace decades of manual process and deliver genuine value to 

real users. 
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