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ABSTRACT: This project presents the design, implementation, and evaluation of a secure, durable,
and service-oriented web application built on an Enterprise Service Bus (ESB) architecture. Motivated
by the growing need for scalable, modular, and security-hardened online systems, the study integrates
principles of Service-Oriented Architecture (SOA) with UMLsec-driven secure design and Java EE’s
Role-Based Access Control (RBAC). The ESB serves as the integration backbone, enabling seamless
communication across heterogeneous services while supporting dynamic orchestration and protocol
interoperability. The project employs a hybrid lifecycle model combining agile and plan-driven
approaches to accommodate evolving requirements without compromising system discipline.
Durability and quality-in-use characteristics—evaluated using multi-criteria decision-making
frameworks —demonstrate high trustworthiness, maintainability, usability, and long-term operational
resilience. Comprehensive testing, including security, performance, usability, and durability
assessments, confirms that the system meets critical functional and non-functional requirements. The
results validate that an ESB-based SOA architecture, enhanced with secure development
methodologies and user-centric design, provides a robust foundation for enterprise-level web
applications requiring reliability, extensibility, and sustained user satisfaction.

KEYWORDS: enterprise service bus (ESB); service-oriented architecture (soa); umlsec; role-based access
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L. INTRODUCTION

The rapid evolution of web technologies and the increasing need for secure, durable, and agile
applications have fostered the development of modern architectures based on Service-Oriented Architecture
(SOA) and Enterprise Service Bus (ESB) principles. This report presents a comprehensive project report on
the design, implementation, and evaluation of a web application termed “Durable and Secure Enterprise
Service Bus for Web Applications.” The project is structured following the IEEE format and emphasizes the
integration of a secure SOA approach with state-of-the-art durability and quality in use attributes[1].

The objective of this project is to develop an enterprise web application that leverages SOA principles to
achieve high modularity, reusability, and loose coupling[2]. The system is built on an ESB backbone that
supports diverse communication protocols and facilitates dynamic service orchestration. Security is
integrated from the ground up using UMLsec methodology and Java EE’s Role-Based Access Control
(RBAC), ensuring confidentiality, integrity, and robustness against common web vulnerabilities[3]. In
concert with security, the project also evaluates the durability and quality in use —critical attributes such as
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trustworthiness, dependability, usability, and user experience —to guarantee a long service life and high end-
user satisfaction[4].

This report covers the entire project lifecycle from requirements elicitation and system design to
implementation and testing. It is based on a synthesis of multiple research studies that focus on SOA and
ESB technologies, secure web application design using object-oriented methodologies, agile and plan-driven
lifecycle models, durability evaluation using multi-criteria decision methods, and quality in use evaluation
for Web 2.0 applications.

II. LITERATURE REVIEW

The design of modern web applications has been profoundly influenced by research in several related
domains. This section reviews the key contributions and findings that underpin the conceptual framework
of our project.

1. SERVICE-ORIENTED ARCHITECTURES (SOA) AND ENTERPRISE SERVICE BUS (ESB)

SOA is recognized as a paradigm that allows the development of distributed systems where software
resources are encapsulated as services that adhere to standard interfaces and protocols. Papazoglou and van
den Heuvel describe how SOA addresses the requirements for loosely coupled, standards-based, and
protocol-independent distributed computing[5], [6]. The ESB is identified as a central component that not
only provides seamless integration between heterogeneous services but also supports advanced features
such as service orchestration, intelligent routing, and message integrity. The ESB acts as a transformative
middleware that unifies business processes through standardized, clean interfaces while abstracting the
underlying service implementations[7].

2. SECURE WEB APPLICATION METHODOLOGIES

Security is paramount in web application development, particularly given the prevalence of attacks on
online systems. Research by Joo and Woo emphasizes the integration of security considerations in every
phase of the development lifecycle[8]. Their object-oriented analysis and design methodology extends
conventional UML approaches by incorporating UMLsec, which ensures that security is not an afterthought
but a core component throughout design and implementation[9], [10]. Through role-based access control
(RBAC), Java EE technologies help enforce strict security policies, thereby limiting unauthorized access and
preserving the confidentiality and integrity of the system [11].

3. LIFECYCLE MODELS FOR WEB-BASED APPLICATIONS

The dynamic nature of web-based applications has necessitated the evolution of traditional lifecycle
models. Uikey and Suman have proposed a hybrid lifecycle model that integrates agile and plan-driven
approaches. This model accounts for rapidly changing requirements and the need for iterative development
while preserving the discipline of well-defined process phases. Such an approach is particularly beneficial
for small software companies and teams that must balance flexibility with robust process management[12].

4. DURABILITY AND QUALITY IN USE

The long-term viability or durability of web applications depends on numerous characteristics such as
trustworthiness, dependability, and maintainability. Recent research employing hesitant fuzzy sets and
multi-criteria decision-making techniques (AHP-TOPSIS) has identified quality and durability
characteristics as key factors for ensuring that web applications remain viable and cost-effective over
time[13]. Parallel to durability, quality in use —which encompasses usability and user experience —has been
recognized as critical for the sustained acceptance of web applications. Studies suggest that attributes
including ease of use, effectiveness, reliability, and interactivity play vital roles in user satisfaction and
loyalty[14], [15].
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5. SYNTHESIS OF RESEARCH FINDINGS

Collectively, these studies reveal a pressing need for web applications that are not only technically robust
but also secure, durable, and user-friendly. The integration of SOA and ESB provides an architectural
framework that supports these goals, while the incorporation of secure design methodologies, agile lifecycle
models, and comprehensive evaluation metrics ensures that both technical and non-technical requirements
are met[16].

III. SYSTEM REQUIREMENTS

The system requirements for the project are divided into functional and non-functional categories. These
requirements are derived from current industry practices as discussed in the literature and tailored to meet
the objectives of the project.

1. FUNCTIONAL REQUIREMENTS
The application caters to different types of users, each with distinct roles and responsibilities, ensuring
that the system supports a multi-tiered functionality[17]:

1.1 User Role:
Functionality:
= Register, log in, and manage personal profiles.
= Search for available services, properties, and resources.
= View detailed information on services and engage in online transactions.

1.2 Agent Role:
Functionality:
= Upload and manage property or service details.
= Update inventory and provide service-specific information.

1.3 Administrator Role:
Functionality:
= Full control over user accounts and content management.
= Ability to adjust user ratings, create or remove accounts, and oversee transaction processes.

1.4 Integration Services (via ESB):
Functionality:
= Facilitate dynamic service orchestration.
= Enable communication between different services using standardized interfaces.

2. NON-FUNCTIONAL REQUIREMENTS
Non-functional requirements are critical for ensuring that the system performs reliably under varied
operating conditions:

2.1 Security:

= Implement role-based access control (RBAC) using Java EE mechanisms.
= Enforce confidentiality, integrity, and authentication throughout the system using UMLsec guidelinesl.

2.2 Durability:
= Ensure that the system exhibits long service life through attributes such as trustworthiness, dependability,
and maintainability, as evaluated by multi-criteria decision-making methods3.

2.3 Usability and Quality in Use:
* Design a user-friendly interface with high responsiveness and ease of navigation.
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= Incorporate user experience (UX) best practices to enhance satisfaction and loyalty4.

2.4 Compatibility:

= Ensure cross-browser and cross-platform support to accommodate diverse users.

2.5 Performance:

* Maintain acceptable load times and handle multiple simultaneous users.

2.6 Scalability:

= The system architecture should accommodate future expansion and integration of additional services.

2 REQUIREMENT COMPARISON TABLE

Reaqui
equirement Key Attributes Description
Category
Functional Multi-Role Support Different modules for Admin, Agent, and Users
Functional Service Integration ESB facilitates seamless service orchestration
St RBAC and desi ith UML
Non-Functional Security and Access Control rong and secure desigh wi se¢
compliance
. Durability and High trustworthiness through multi-criteria
Non-Functional .. . - .
Maintainability durability metrics
Emphasi -friendly desi d high
Non-Functional Usability and Quality in Use mp' .'as15 on user-tiendly cesigh anc g
usability standards
Non-Functional Comp:.at'lblhty and Support for various platforms and future
Scalability enhancements

Table 1: Comparison of Functional and Non-Functional Requirements

IV. TOOLS AND TECHNOLOGIES

The choice of development tools and technologies plays a crucial role in the successful implementation
of the proposed system. The following table summarizes the primary tools and technologies used in the

project:

Component Tools/Technologies

Description

HTMLS5, CSS3,

Frontend
JavaScript, Bootstrap

Java EE (Servlets, JSP),

Backend Mule ESB

Database MySQL

Security UMLsec, Java EE RBAC
Development Eclipse, Visual Studio
Environment Code, Git

For creating a responsive and interactive user
interface

For implementing business logic and
integrating services.

For storing user data, service details, and
transaction records

To enforce security and access control policies

For coding, version control, and project
management
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Component Tools/Technologies Description

For creating wireframes and prototype

Design Tools Figma, Adobe XD designs

Testing Selenium, JMeter For functional and performance testing

Table 2: Overview of Tools and Technologies

The integration of these components ensures that the development process is efficient, secure, and aligned
with industry best practices.

V. SYSTEM DESIGN
The system design phase translates the requirements into a detailed blueprint that defines the system
architecture, relationships among components, and user interface layouts. The design leverages an ESB-

based SOA model within a Model-View-Controller (MVC) framework, ensuring a clean separation of
concerns[17].

1. ARCHITECTURE OVERVIEW
The system architecture is based on an extended SOA (xSOA), which emphasizes modularity and service-
oriented integration. At the core is the Enterprise Service Bus (ESB), which acts as the central backbone that
interconnects various services. The ESB supports multiple transport protocols and facilitates interoperability
between heterogeneous components. The architecture is designed following an MVC pattern, where:
= Model: Represents the business logic and data handling.
= View: Provides the user interface and presentation logic.
= Controller: Acts as an intermediary between the Model and the View, processing user inputs and
transmitting them to the appropriate services.
The following flowchart illustrates the high-level flow of the ESB-based architecture:

Authentication Service

/
|__HTIP Request\’ | __PassRequest___|

Client Browser Web Server ESB - Service Orchestrator

HTTP Response | Return Response |
X

FIGURE 1. ESB-based SOA architecture flowchart.

Property/Service

Management

Transaction Processing

This diagram shows that the client browser sends requests to the web server, which then passes them to
the ESB for service orchestration. The ESB routes the requests to the appropriate internal services, such as
authentication, management, and transactions, before returning consolidated responses back to the
client[18], [19].

2. USE CASE AND ACTIVITY DIAGRAMS

The system supports various actors, including Admin, Agent, and User, each with their specific use cases.
The use cases are modeled to capture core functionalities such as account management, property uploads,
and service search[20], [21].
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A simplified activity diagram for the user login and property search is described below:

Start: User accesses login
page

l

User enters credentials

|

Are credentials valid?

s
'

‘ User Dashboard is displayed

User selects 'Search
Property’

L

System queries database
through ESB

Display search results ‘ Display error message

S

End

FIGURE 2. Activity diagram for user login and property search.

In addition to the activity flows, a comprehensive use case diagram is created to illustrate all interactions

among system actors and functionalities. This diagram includes key interactions such as account registration,
property upload by agents, and transaction management.

3. ENTITY-RELATIONSHIP DIAGRAM

The database design follows an Entity-Relationship (ER) model to ensure data normalization and

integrity. The main entities include User, Agent, Property, Transaction, and Rating. The relationships among
these entities are established as follows[22]:

A User may perform many Transactions.

An Agent may list many Properties.

Each Transaction involves a single Property.

Ratings are provided by Users for individual Agents.

Below is a summary table that outlines the key database entities:
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Table 3. Key database entities and relationships.

Entity Attributes Primary Relationships

. Has-many Transactions; May rate
User UserID, Username, Password, Email, Role y y

Agents
Has- P ties; Recei
Agent AgentID, Name, Contact Details as. many Froperties; Recetves
Ratings
Property Pr'opertyID, Title, Description, Location, Listed b}f Agent; Involved in
Price Transactions
. TransactionID, Date, Amount, UserID, Performed by User; Linked to a
Transaction
PropertylD Property
Rating RatingID, Score, UserID, AgentID Provided by User for an Agent

4. USER INTERFACE WIREFRAMES AND DESIGN

The visual design of the system is critical to both usability and overall user satisfaction. Wireframes for
the major application pages have been developed using tools such as Figma and Adobe XD. Although actual
images are not included here, the following descriptions summarize the design concepts[23], [24]:

4.1 Home Page:
o Features a prominent search bar, user login modules, and navigation menus.
e Simple and intuitive design that guides users to either sign in or explore properties/services.

4.2 Admin Dashboard:
o Offers a management interface for overseeing user accounts, transaction logs, and service ratings.
e Provides graphical summaries of key performance indicators and security alerts.

4.3 Agent Dashboard:
¢ Enables property/service upload, management, and statistical analysis of listings.
¢ Interactive forms for adding and updating details with built-in validations.

4.4 User Dashboard:
¢ Displays recent transactions, search histories, and pre-set preferences.
¢ Customizable settings for profile management and quality in use feedback.
A detailed table summarizing the key interface components is presented below:

Table 4. Summary of user interface components.

Screen Key Components Description

Search Bar, Login/Register, Central landing page with intuitive
Home Page L gin/Reg et & Pag

Navigation Menu navigation
Admin User Management, Transaction Logs, Comprehensive administrative
Dashboard Security Alerts controls and system monitoring
Agent Property Upload, Listing Focused on content management
Dashboard Management, Analytics and performance monitoring
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Screen Key Components Description

User Profile Overview, Search History, Personalized user interface with
Dashboard Feedback Module account and interaction history

VI. IMPLEMENTATION METHODOLOGY

The implementation phase is where the design is transformed into a working prototype using industry-

standard programming languages and frameworks. The following outlines the key components and
methodologies adopted during implementation[25], [26].

1.

FRONTEND IMPLEMENTATION

The user interface was built using modern web technologies:

HTML5 and CSS3: Ensure semantic markup and responsive design.

JavaScript and Bootstrap: Provide interactivity and mobile-first designs.

Frameworks and Libraries: jQuery and custom scripts facilitate dynamic behavior and AJAX-based content
loading.

. BACKEND IMPLEMENTATION

The backend is implemented using Java EE technology to support enterprise-level functionality:

Servlets and JSP: Handle client-server communications, business logic, and dynamic page generation.
Integration with ESB: Mule ESB is used to manage service orchestration. The ESB processes and routes
requests between the web server and backend services, ensuring loose coupling among components.
Database Connectivity: JDBC is utilized for connecting to a MySQL database. The database schema aligns
with the ER model described in Section 5.3.

. SECURITY IMPLEMENTATION

Security is implemented as a core part of the system:

UMLsec Verification: The design process includes rigorous security analyses using UMLsec, ensuring that
potential vulnerabilities are identified and mitigated early in the development processl.

Role-Based Access Control (RBAC): Java EE’s built-in RBAC is configured via security constraints in the
deployment descriptor (web.xml) to restrict access based on user roles (Admin, Agent, User).

Data Encryption: Sensitive user credentials are stored using secure hash algorithms.

Session Management: Robust session management, including strict timeout policies and secure cookie
handling, minimizes risks of session hijacking.

. ESB CONFIGURATION AND INTEGRATION

The ESB configuration plays a pivotal role in achieving a service-oriented architecture:

Service Orchestration: The Mule ESB framework is configured to handle service routing, data
transformation, and protocol translation.

Standards Compliance: The integration layer supports SOAP, REST, and other communication standards to
ensure interoperability with external systems.

Monitoring and Logging: Built-in monitoring tools are used to track service performance and log errors,
which are essential for maintenance and continuous improvement.

. CODE MANAGEMENT AND DEPLOYMENT

The development process utilizes modern software engineering practices:

Version Control: Git is used for source code versioning and collaboration among team members.
Continuous Integration/Continuous Deployment (CI/CD): Automated builds and tests ensure that code
changes are validated before deployment.
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Containerization: Docker containers are used for deploying the application in a consistent runtime
environment, which improves scalability and ease of maintenance.

VII. TESTING AND EVALUATION

A comprehensive testing strategy is deployed to ensure that the web application meets all functional and

non-functional requirements. This includes unit testing, integration testing, performance testing, security
testing, and usability testing.

1.

FUNCTIONALITY TESTING
Test cases are designed based on user stories and use case scenarios:
Unit Tests: Individual components and servlets are tested for core functionality using frameworks such as
JUnit.
Integration Tests: The interactions between components (frontend-backend, ESB-service) are validated to
ensure smooth data flow.
User Acceptance Testing (UAT): Selected users from the target audience evaluate the system’s ease of use,
correctness of features, and overall readiness.

. SECURITY TESTING
Given the critical nature of security in enterprise applications, various security tests are performed:
Penetration Testing: Simulated attacks are carried out to identify and mitigate vulnerabilities, such as
injection attacks and unauthorized access attempts.
Access Control Verification: RBAC configurations are tested to ensure that each role only accesses permitted
functionalities.
Data Integrity Checks: Encryption and secure transmission protocols are validated for all sensitive data
transfers.

. USABILITY AND PERFORMANCE TESTING
To assess the quality in use, both subjective and objective evaluations are conducted:
Usability Testing: A cohort of users performs defined tasks while their feedback is collected through
questionnaires and observational studies. Metrics such as task completion time and error rates are recorded.
Performance Testing: Tools such as JMeter are used to simulate load conditions. The system is evaluated on
response time, throughput, and stability under peak loads.
Durability Evaluation: Using multi-criteria decision-making techniques, the system’s durability is evaluated
based on attributes like trustworthiness, maintainability, and resilience3.

. TESTING RESULTS SUMMARY

Testing

Category Methodology Outcome Summary

Functionality Unit, Integration, All major functionalities work as expected;
Testing UAT minor bugs resolved during UAT

Security Penetration, RBAC No critical vulnerabilities detected; access
Testing Verification controls effectively enforced

Usability User Task High satisfaction in ease of use; some

Testing Analysis, Surveys suggestions for Ul enhancements
Performance Load Testing with Acceptable response times; system scales well
Testing JMeter under average load conditions
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Testing

Category Methodology Outcome Summary
Durability AHP.—TO.PSI.S, ngh ra.ltmg.s.for rehabl.hty and . 3
. Multi-Criteria maintainability; potential areas identified for
Evaluation . S
Analysis further optimization

Table 5: Summary of Testing Results.

VIII. RESULTS AND DISCUSSION

The project successfully implemented a prototype of the “Durable and Secure Enterprise Service Bus for
Web Applications.” The integration of SOA and ESB has led to a modular system where services are
decoupled and can be maintained independently while ensuring robust orchestration of business processes.
Key findings from the project are summarized below[17]:

1. SECURITY AND ROBUSTNESS

The application achieved high security standards by integrating UMLsec into the design process and
enforcing RBAC at the implementation level. Security tests confirmed that unauthorized access is effectively
prevented, and data integrity is maintained throughout communications.

2. SERVICE-ORIENTED INTEGRATION

The ESB-based architecture demonstrated excellent flexibility in handling interactions between
heterogeneous services. The use of Mule ESB as the integration backbone allowed for scalable routing and
dynamic orchestration, which is critical for complex enterprise environments5.

3. DURABILITY AND MAINTAINABILITY

Through the incorporation of durability evaluation techniques such as hesitant fuzzy sets based AHP-
TOPSIS, the project confirmed that key attributes such as trustworthiness, maintainability, and dependability
were present in the system. These findings indicate that the application is well-positioned for long-term use
and efficient management.

4. USABILITY AND QUALITY IN USE
The system’s user interface, developed with modern standards and validated through user testing,
received high marks for ease of use and interactivity. Feedback from usability testing highlighted that users

found the navigation intuitive, although some enhancements were suggested for the administrative
dashboard.

5. PERFORMANCE UNDER LOAD

Performance tests indicated that the application maintains stable response times and system throughput
under simulated load conditions. While peak loads revealed minor delays, these issues are being addressed
in ongoing optimization efforts.

6. ARCHITECTURAL EFFECTIVENESS

The combination of agile methodologies and plan-driven approaches in the lifecycle model enabled the
development team to iterate quickly while ensuring that each phase was thoroughly validated. This hybrid
approach helped reconcile the fast-paced nature of web development with the need for robust and
disciplined engineering practices2.

DISCUSSION OF CHALLENGES
Several challenges were encountered during the project:

26
VOLUME 4, No 2, 2025


https://doi.org/10.48161/qtj.v4n2a57

ESB Configuration: Configuring the ESB for optimal service orchestration presented complexities,
particularly with integrating legacy systems. Further tuning of routing protocols and message
transformation rules is required.

Security Implementation: While RBAC and UMLsec integration yielded robust security, evolving attack
vectors necessitate continuous monitoring and periodic updates.

User Interface Enhancements: Usability testing highlighted areas for refinement, especially in
administrative interfaces. Future iterations will focus on enhancing real-time responsiveness and visual
feedback.

FUTURE WORK AND RECOMMENDATIONS

Based on the project results, the following recommendations are proposed for future work:

Mobile Application Development: Extend the current web application to a mobile platform to provide on-
the-go access to services.

Enhanced Security Measures: Integrate advanced security features such as two-factor authentication and
real-time anomaly detection.

Microservices Architecture: Consider migrating from a monolithic ESB structure to a microservices-based
architecture to further improve scalability and flexibility.

Automated Monitoring: Implement continuous monitoring and automated alert systems for proactive
maintenance.

User Experience Optimization: Conduct further user studies to refine UI elements and enhance overall UX
based on detailed analytics.

CONCLUSION

This report has detailed the comprehensive development of a durable and secure web application built

on an ESB-based SOA framework. The project successfully integrates advanced security measures, robust
service orchestration, and a user-centric design, ensuring the application meets both functional and non-
functional requirements.

Key insights from the project include:

The effective use of ESB to support flexible and scalable service integration.

The application of UMLsec and Java EE RBAC in achieving high security and data integrity standards.

The utility of hybrid lifecycle models in accommodating the dynamic requirements of web application
development.

The critical importance of considering durability and quality in use attributes to ensure long service life and
enduring user satisfaction.

Overall, the successful implementation and testing of the prototype demonstrate that a service-oriented

and secure architecture can significantly enhance the design and operation of modern enterprise web
applications. Future work will build on these findings by exploring mobile platforms, microservices
architectures, and additional security advancements to further support the evolving needs of businesses in
a digital era.
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