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Abstract

The escalating complexity and widespread use of web applications have made them a primary target for
cyber-attacks, necessitating robust security mechanism measures. While traditional security testing
methods, such as Static Application Security Testing (SAST) and Dynamic Application Security Testing
(DAST), are widely adopted, they face limitations; particularly in identifying complex, application-specific
logic vulnerabilitieshence the attacker succeed inhitting their targeted web applications. This paper studies
the critical and evolving role of Artificial Intelligence (Al), specifically Machine Learning (ML), in
modern web vulnerability detection. It synthesizes current research demonstrating how ML is utilized for
proactive vulnerability prediction and how advanced Al-driven techniques are being developed to automate
the detection of intricate logic flaws by conjecturing application behavior and employing symbolic model
checking. It concludes that Al-driven methods are essential for enhancing the scalability, accuracy, and
depth of vulnerability assessments, providing a crucial advantage in the continuous effort to build and
maintain secure web applications.
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I. Introduction

Web-applications are foundational to modern
society, supporting everything from e-commerce to
critical financial and government services, private
sectors. This criticality makes their security
paramount, yet applications are often deployed with
critical vulnerabilities that can be seriously
exploited. The growing rate of cyber threats and the
increasing complexity of applications demand a
shift from reactive defense to proactive
vulnerability identification.

Traditional wvulnerability analysis has primarily
focused on well-defined flaws like Cross-Site
Scripting (XSS) and SQL Injection (SQLI),
which can be specified by ensuring no unchecked
data flows from input sources to security-sensitive
sinks. However, a significant gap remains in
detecting application logic vulnerabilities, which
are defects resulting from faulty application logic
and are inherently specific to an application's
unique functionality, making them extremely
difficult for traditional tools to characterize and
identify the possibility of vulnerability.

The emergence of Al and Machine Learning offers
new paradigms to address these challenges, shifting
security efforts from tedious manual checking to
automated, intelligent detection and prediction.

Web Application Logic Vulnerabilities

Web application vulnerabilities can be divided into
two main categories, depending on how
vulnerability can be detected: (1) vulnerabilities
that have common characteristics across different
applications and (2) vulnerabilities that are
application-specific. Well-known
vulnerabilitiessuch as XSS and SQL injection
belong to the vulnerabilities that have common
characteristics  across  different  applications
category. These two  vulnerabilities are
characterized by the fact that a web application uses
external input as part of a sensitive operation
without  first checking or sanitizing it
Vulnerabilities of the second type (such as, for
example, failures of the application to check for
proper user authorizationor for the correct prices of
the items in a shopping cart) require some
knowledge about the application logic in order to
be characterized and identified. Here, it is called
them web application logic wvulnerabilities. To
detect web application logic vulnerabilities
automatically, one needs to provide the detection
tool with aspecification of the application’s
intended behavior. Unfortunately, these
specifications, whether formal or informal, are
rarely available. Therefore, in this work, we
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proposean automated way to detect application
logic vulnerabilities that do not require the
specification of the web application behavior to be
available. Our intuition is that often the application
code contains evidences about thebehavior that the
developer intended to enforce. These evidences are
expressed in the form of constraints on thevalues of
variables and on the order of the operations
performedby the application.

I1. Limitations of Conventional Web Security

Tools

Conventional vulnerability detection relies heavily

on two primary methodologies:

A. Static and Dynamic Analysis

o Static Application Security Testing (SAST):
Tools like OWASP WAP and RIPS examine the
application's source code without execution.
While effective for finding basic coding flaws,
their reliance on concise, general specifications
can lead to high rates of false positives and an
inability to understand run-time logic.

e Dynamic Application Security Testing (DAST):
These scanners interact with a running
application, similar to a penetration tester, by
sending payloads and monitoring responses.
While DAST can find vulnerabilities that
manifest at runtime, their performance and
effectiveness  vary  widely,  necessitating
comprehensive benchmarking against standards
like the OWASP Benchmark and the WAVSEP
benchmark.

B. The Logic Vulnerability Challenge

The main constraint of unadventurous tools is their

powerlessness to address application logic

vulnerabilities. These failings are tied to the

specific intent and stream of the application (e.g.,

bypassing a payment step), making them difficult to

portray by simple source/sink data flow rules. This
class of defects has received much less attention in
research but represents a major security risk.

In [4], scanner presents better effectiveness than

that of OWASP ZAP the definition of various types

of wulnerability may bedifferent, resulting in
different classification for those vulnerabilities.

However, as the proposed scanner achieves larger

coverage of detecting according to the number of

detected vulnerabilities, in detail, our scanner
revealed 119 vulnerabilities in total while the

OWASP ZAP detected 68 vulnerabilities, it is

evident that our scanner has better capability of

vulnerability revealing.

I11. Al/Machine Learning for Advanced
Vulnerability Detection

providing scalable, intelligent methods for both

proactive prediction and complex flaw detection.

A. Proactive Vulnerability Prediction using

Machine Learning

Machine learning methods are employed not just

for detection but for proactive prediction of

vulnerable components within web applications.

This moves the security focus earlier into the

software development lifecycle, aiming to reduce

the time and cost associated with securing
applications.

o Targeted Vulnerabilities: Existing ML models
primarily target well-known flaws, including
SQL Injection, Cross-Site Scripting (XSS), and
Cross-Site Request Forgery (CSRF).

e Specialized Detection Methods: Dedicated
detection methods based on machine learning
have been proposed specifically to effectively
prevent cross-site scripting attacks in web
applications.

e Model Enhancement: Research efforts focus on
proposing new methods, such as NMPRE, to
enhance the performance of Machine Learning-
based vulnerability prediction.

B. Automated Detection of Complex Logic Flaws

(Al-Driven Behavioral Analysis)

The application of Al-driven methods provides a

pathway toward the automated detection of the

complex and highly application-specific logic

vulnerabilities. One proposed approach, embodied

in the tool Waler, utilizes a multi-step, intelligent

process:

1.Dynamic Behavioral Inference: The tool first
uses dynamic analysis to observe the normal,
legitimate operation of a web application and,
from this observation, infers a simple set of
behavioral specifications (invariants).

2.False Positive Reduction: The learned
specifications are filtered by leveraging
knowledge about the typical execution paradigm
of web applications to reduce false positives that
would otherwise be raised by spurious
invariants.

3.Symbolic Model Checking: The tool then
employs model checking over symbolic input to
systematically explore program paths. This
process identifies program paths that are likely
to violate the learned specifications under
specific conditions, which indicates the presence
of an application logic flaw.

4.Demonstrated Success: This approach has been
demonstrated to successfully find previously-
unknown logic vulnerabilities detection methods
to detect the wvulnerability in several web

Al and Machine Learning (ML) techniques are applications, showcasing the potential of
increasingly vital in modern web security by
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intelligent analysis to address the most
intractable class of web defects.

IV. Conclusion

The role of Artificial Intelligence and Machine
Learning in web application vulnerability detection
is transforming the field from a reactive scanning
practice to a proactive and deeply analytical
security discipline. Artificial Intelligence and
Machine Learning provides two advanced
fundamental advantages: proactive prediction of
common flaws like XSS and SQLi, which
significantly reduces development-stage security
debt; and the foundation for automated logical
analysis to tackle the complex, application-specific
vulnerabilities that have historically defeated
traditional scanners. Future research must focus on
optimizing these models’ methods which will
develops powerful vulnerability detection to further

reduce the rate of false positives and enhance the
system's ability to learn and specify complex,
application-unique security policiesto design the
strategy for real time vulnerability detection in web
application. Ultimately, the integration of Artificial
Intelligence is not merely an enhancement but an
imperative for maintaining robust security in the
face of continuous cyber threat evolution
mechanism a new direction and vision for
researchers to find the right time right solution for
the vulnerability detection.
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