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ABSTRACT 

 

Today, web applications play an important role in modern digital 

infrastructure by providing users with public access to services and information 

quickly and flexibly. Web application security is critical due to the increasing 

complexity of cyber attacks. This study proposes a new working concept that 

combines machine learning and active response mechanisms in Web Application 

Firewalls (WAFs) with the support of the concept of creating libraries that make 

WAFs more adaptive. 

The current state of web application security is defined by the weaknesses 

of conventional WAFs, which often struggle to withstand changing cyber threats 

such as zero-day attacks and new attack anomalies due to the static rules and 

signature bases used in WAFs. On the other hand, dynamic cyber threats are always 

evolving and can evade conventional WAFs. To stay up to date with the latest cyber 

dangers, WAF signatures and rules must be updated regularly, 

however, this can be a difficult task, time consuming and lacks awareness 

on the part of various parties. 

Using techniques that incorporate machine learning, this paper proposes a 

WAF concept for identifying and categorizing malicious activities. To ensure 

robustness and flexibility, the model is trained on a variety of datasets covering 

various attack scenarios. Developing a library that can also generate future attack 

patterns is an important step in active response system integration. This concept is 

intended to better anticipate current and future potential threats or what is known 

as a zero-day attack. This paper's approach combines supervised and unsupervised 

learning approaches for initial training and ongoing learning to respond to new 

threats. 

 

Keyword: Web Application Security, Machine Learning, Web Application 

Firewall, WAF, Dynamic Security Framework, Zero-day 
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CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

Web applications are the foundation of digital interactions in a dynamic 

virtual world, giving users easy access to services, data and connectivity like never 

before. However, this connectivity comes at a cost, as many cyber threats aim to 

exploit gaps in this application. Traditional security mechanisms, particularly those 

related to Web Application Firewalls (WAFs), are finding it increasingly difficult 

to effectively combat today's cyber adversaries as the digital world becomes more 

complex. Web applications have been made more resilient against known attacks 

thanks in large part to the use of traditional WAFs. Unfortunately, today these 

systems are more vulnerable to dynamic techniques used by cybercriminals, and 

the online applications they guard perform worse due to their reliance on static rules 

and signature-based detection. It is becoming increasingly clear that new and 

flexible defense mechanisms are needed as the complexity and scope of threats 

increases. This study offers a concept that combines the agility of active response 

mechanisms with the power of machine learning to redefine web application 

security through WAF. The core problem is the passive nature of traditional WAFs. 

While they are adept at recognizing previously known threat patterns, they often 

struggle to adapt to new attack paths and sophisticated evasion strategies used by 

cyber adversaries such as zero day attacks. The impact of these obstacles is far- 

reaching, from false positives that impede legitimate user traffic to an inability to 

proactively respond to emerging threats. This thesis fills an important gap in web 

application protection by offering a paradigm shift in which machine learning and 

active response mechanisms collaborate to build intelligent and dynamic shields. 

To enhance the capabilities of conventional WAFs, machine learning is becoming 

a solution due to its ability to evaluate very large data sets and identify complex 

patterns. Using integrated machine learning models, the proposed concept seeks to 

provide WAFs with the ability to independently learn predictions and anomalies so 

as to differentiate between malicious and non-malicious behaviour. Machine 

learning models evolve into proactive defenders that can recognize and neutralize 
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new and unknown threats through continuous learning and adaptation. In addition 

to machine learning, the incorporation of active response mechanisms marks an 

innovative shift from conventional reactive methods. The integration of 

countermeasures tactics that actively engage attackers to thwart their plans that 

cannot simply be detected is discussed in this thesis. 

The main goal of this project is to create, practice and assess new concepts 

that allow machine learning and active response mechanisms to be seamlessly 

integrated into WAF. Therefore, this research aims to: 

- Improve Detection Accuracy, reducing false positives and negatives by 

applying machine learning techniques to improve threat detection recall and 

precision. 

- Adapt to Emerging Threats, create dynamic defenses by giving WAFs the 

tools they need to continuously learn and adapt to new and changing attack 

patterns. 

The subsequent chapters of this thesis delve into active response 

mechanisms, machine learning, and online application security. They cover the 

creation and implementation of the framework and present the research findings, 

assessing the efficacy of the integrated approach. 

 

1.2 Problem Statement 

Traditional WAFs are ineffective against evolving threats due to their static 

rules, complexity, and lack of awareness of the protected web application. 

 

Figure 1: WAF Problems 

 

 

- Static Rule Sets, because static rule sets and signature-based detection are 

the main components of conventional WAFs, they are susceptible to evasion 

tactics employed by skilled adversaries. These systems' incapacity to 
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instantly adjust to new threats renders them less potent in combating 

dynamic and ever-changing attack vectors. 

- False Positives and Negatives, Reliance on predefined patterns often results 

in false positives, which disrupt the user experience by misclassifying 

normal traffic as malicious. On the other hand, false negatives pose a 

significant risk to web application security because they allow some 

sophisticated attacks to remain undetected. 

- Complexity, WAFs can be complex and difficult to configure and manage, 

which can lead to misconfigurations that can leave web applications 

vulnerable to attack. 

- Performance Impact, WAFs can have a negative impact on the performance 

of web applications. 

- Lack of Application Awareness, The online apps that traditional WAFs 

safeguard are typically not well-known to them. Improved attack detection 

and rule execution could reduce performance implications if a greater 

understanding of the endpoints and structure of the protected application is 

gained. 

- Identifying WAF, Web Application Firewalls (WAFs) face the issue of 

being identifiable through response patterns, known as WAF Fingerprints. 

Attackers can discern which WAF is in use by analyzing response 

behaviors, as different WAFs signal rejections differently. This problem is 

exacerbated if the WAF is not frequently updated, a common issue with 

open-source projects. Even proprietary WAFs with automated updates can 

be identified, providing attackers with insights into their logic and 

vulnerabilities. This identifiability compromises WAF security, making it 

easier for attackers to exploit. 
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Figure 2: WAF Fingerprint 

 

 

1.3 Research Objectives 

The main goal of this research is to design and evaluate a new architectural 

concept for Web Application Firewalls (WAFs) that combines machine learning 

and active response mechanisms. By addressing the shortcomings of conventional 

and modern WAFs, this concept seeks to offer proactive, proactive and dynamic 

defense against changing cyber threats. The following are the actual objectives of 

this research: 

1. Enhance Detection Accuracy 

a. Objective: Improve the accuracy of threat detection within WAFs 

by leveraging advanced machine learning techniques. 

b. Details: Static rule sets are frequently used in traditional WAFs, 

which can lead to high rates of false positives and false negatives. 

This research aims to improve threat detection precision by 

utilizing machine learning methods. This will help to decrease 

false alarms and make sure that genuine communication is not 

mistakenly categorized as dangerous. This goal is to create and 

hone models that, from patterns and behaviors seen in online 
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traffic, can reliably differentiate between benign and malevolent 

activity. 

2. Adapt to Emerging Threats 

a. Objective: Create a dynamic defense system capable of 

continuously learning and adapting to new and evolving attack 

patterns. 

b. Details: Attackers are using ever-more-advanced tactics, and 

cyber risks are continuously changing. Because traditional WAFs 

rely on pre-established rules, they find it difficult to keep up with 

these developments. The goal of this research is to provide WAFs 

the capacity to continuously learn from fresh data and adjust. The 

framework will be able to recognize new threats and modify its 

defensive strategies in response by employing both supervised and 

unsupervised learning techniques, offering a more reliable and 

adaptable security solution. 

3. Reduce Performance Impact 

a. Objective: Minimize the performance impact of WAFs on web 

applications while maintaining high levels of security. 

b. Details: The potential for traditional WAFs to impair web 

application performance is one of major critiques. The goal of this 

project is to provide a lightweight, effective architecture that 

guarantees security measures don't negatively impact user 

experience. The aim is to preserve or even increase application 

speed while offering enhanced security through the optimization 

of the implementation of machine learning models and active 

response mechanism. 

The suggested study intends to transform web application security by offering 

a comprehensive concept that addresses the main weaknesses of WAF. This 

framework aims to provide robust, flexible, and intelligent security mechanisms for 

contemporary online applications by improving detection accuracy and adapting to 

new threats. If this framework is successfully put into practice, it can increase the 
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resilience of web applications against various cyber threats, thereby making the 

internet a safer and more secure place. 

1.4 Research Significance 

Because it addresses serious weaknesses in Web Application Firewalls 

(WAFs), this research has the potential to drastically change the web application 

security environment. The paradigm shift occurs through the incorporation of 

machine learning and active response mechanisms into WAF. This study introduces 

a new concept of threat detection and response, which continues to advance 

cybersecurity technology. This suggested architecture raises the bar for web 

application security by using machine learning to dynamically detect and counter 

new and emerging cyber threats. The unique strategy of combining machine 

learning with active reaction mechanisms goes beyond the static and reactive 

characteristics of WAF. This study shows how different technologies can be 

combined in a way that makes defense systems more adaptable and durable. 

The suggested approach can help reduce WAF maintenance costs by 

minimizing the need for frequent modifications of static rules and signatures. Once 

trained, machine learning models require less manual intervention to react to new 

threats. The aim of this research is to offer a new concept for WAFs. 

Knowledge in the domains of active defense mechanisms, machine learning, 

and cybersecurity is expanded through this research. For additional studies and 

progress in this area, the methods and results may serve as a basis. Cybersecurity 

professionals can improve their organizations' protective measures by leveraging 

the knowledge and resources gained from this research. 

This research is important for reasons other than only technology. This work 

has the potential to greatly improve online application security by addressing the 

flaws in conventional WAFs and offering a dynamic, intelligent, and proactive 

protection framework. The results of this study should strengthen defenses against 

cyberattacks and guarantee the dependability and security of vital digital 

infrastructures. Consequently, this upholds the more general objectives of 

promoting global user security and preserving confidence in digital systems. 
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1.5 Research Limitation and Assumptions 

There are inherent limits and assumptions that must be addressed, even if the 

goal of this research is to greatly improve web application security through the 

integration of machine learning and active response mechanisms in Web 

Application Firewalls (WAFs). Comprehending these constraints and presumptions 

is essential for placing the research findings in perspective and directing future 

investigations in this field. 

Limitations 

1. Data Quality and Availability 

a. Limitation 

The caliber and volume of training data have a major 

impact on how well machine learning models perform. The 

model's performance could be negatively impacted if the 

dataset is incomplete or biased. 

b. Impact 

A lack of high-quality, diversified datasets to work with 

could make it more difficult to train models that are 

broadly applicable to a variety of online application kinds 

and attack vectors. Moreover, in this study, the focus is 

primarily on injection attacks such as SQL Injection. This 

specific focus could limit the model's effectiveness against 

other types of attacks not covered in the training data. 

2. Evolving Threat Landscape 

a. Limitation 

Attackers are always coming up with new ways to get 

around security systems, which means that cyber risks are 

always changing. There is always a lag between the 

appearance of new threats and the model's capacity to 

identify them, even though machine learning models can 

adjust to them. 

b. Impact 
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A window of vulnerability will always exist when new 

attack types are first introduced, which could jeopardize 

the suggested framework's efficacy. 

3. Resource Constraints 

a. Limitation 

Active response systems and machine learning models can 

be resource-intensive to implement and maintain. This 

covers processing power, big dataset storage, and 

continuous model maintenance and tuning. 

b. Impact 

The deployment and maintenance of such sophisticated 

security mechanisms may be difficult for resource- 

constrained organizations, which would restrict the 

application of the suggested architecture to resource-rich 

settings. 

Assumptions 

1. Availability of Sufficient Data 

a. Assumption 

It is anticipated that adequate and pertinent datasets would 

be available for machine learning model training and 

validation. These datasets must to include a variety of 

attack scenarios as well as typical online application 

behaviors. 

b. Rationale 

Creating reliable and accurate machine learning models 

requires clean data. 

2. Technological Infrastructure 

a. Assumption 

The advanced WAF system can be implemented and 

managed by organizations utilizing the suggested concepts 

since they possess the required technological 

infrastructure, including sufficient processing power and 

trained staff. 
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b. Rationale 

Considerable technological and human resources are 

needed for the efficient implementation and running of 

active response mechanisms and machine learning. 

3. Continual Learning and Adaptation 

a. Assumption 

The suggested structure will be updated and improved over 

time in response to fresh information and changing threat 

environments. 

b. Rationale 

In a dynamic cyber environment, the security measures' 

continued relevance and efficacy depend on ongoing 

learning and adaptation. 

This section gives a reasonable foundation for interpreting the research 

findings by highlighting the assumptions and constraints. Although there is much 

potential for improving web application security through the suggested 

incorporation of machine learning and active response mechanisms into WAFs, it 

is crucial to understand the difficulties and limitations associated with this strategy. 

Reaching the full potential of this novel security architecture will require addressing 

these constraints and verifying the underlying hypotheses in follow-up studies and 

real-world applications. 

The foundational aspects discussed in this section provide a solid basis for 

interpreting the research findings by emphasizing the assumptions and limitations 

inherent in the proposed approach. While the integration of machine learning and 

active response mechanisms into Web Application Firewalls (WAFs) presents a 

promising avenue for enhancing web application security, understanding the 

complexities and challenges associated with this strategy is essential. These 

constraints may arise from the unpredictability of real-world scenarios, the evolving 

nature of cyber threats, and the potential limitations of machine learning models 

themselves. 

To fully realize the potential of this innovative security framework, it will be 

necessary to thoroughly address these challenges. This includes refining the 
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integration process, improving the adaptability of the WAFs, and ensuring that the 

machine learning models can effectively respond to new and unforeseen threats. 

Moreover, testing and validation in various environments will be key to confirming 

the effectiveness and reliability of the proposed solution. Such rigorous evaluation 

will also help identify areas where further improvements can be made, ensuring that 

the security architecture remains robust over time. The research also underscores 

the importance of ongoing studies to refine and validate the underlying hypotheses. 

These studies should focus on real-world applications and seek to bridge the gap 

between theoretical models and practical implementations. By doing so, researchers 

and practitioners can work together to enhance the overall effectiveness of WAFs 

in defending against increasingly sophisticated attacks. Furthermore, collaboration 

with industry experts can provide valuable insights into the practical constraints and 

opportunities that may arise during deployment. 

Ultimately, achieving the full potential of this approach will require a 

multifaceted effort that goes beyond theoretical research. It will involve iterative 

improvements, continuous monitoring, and adaptation to the ever-changing 

landscape of cybersecurity. By recognizing and addressing the constraints 

identified in this study, future research can contribute to the development of more 

resilient and effective security solutions for web applications. 
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CHAPTER V 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

This research aimed to enhance the security of web applications by 

integrating machine learning and active response mechanisms within Web 

Application Firewalls (WAFs). The primary objectives were to improve detection 

accuracy, adapt to emerging threats, and proactively disrupt attacks. The following 

conclusions can be drawn from the research: 

 

Enhanced Detection Accuracy 

The implementation of machine learning models, particularly the Random Forest 

algorithm, significantly improved the accuracy of detecting malicious activities. 

The Random Forest model achieved an accuracy of 95%, precision of 94%, recall 

of 95%, and an F1 score of 92%, demonstrating its efficacy in distinguishing 

between malicious and benign queries. This high level of accuracy ensures that 

the WAF can reliably identify and block known attack patterns, reducing the risk 

of successful breaches. 

Adaptation to Emerging Threats 

The anomaly detection mechanism enabled the system to identify and isolate 

unknown threats that were not present in the training data. By continuously 

learning from these anomalies, the system showed an ability to adapt to new 

attack vectors, enhancing its overall resilience. This adaptive capability is crucial 

in the ever-evolving landscape of cyber threats, where attackers constantly 

develop new techniques to bypass traditional security measures. 

Proactive Response Mechanisms 

The integration of active response mechanisms, such as blocking known attack 

patterns and isolating suspicious queries, ensured real-time mitigation of threats. 

This proactive stance is critical in reducing the window of vulnerability and 

preventing potential damage to web applications. By taking immediate action 

against identified threats, the system can significantly limit the impact of cyber 

attacks. 



13 

 

 

Comprehensive Security Solution 

By combining known attack detection, anomaly detection, and active response 

mechanisms, the proposed system provides a robust and adaptive security 

solution. The use of stop words and general MySQL patterns further enhanced 

the system's accuracy and reduced false positives, ensuring legitimate queries 

were not mistakenly blocked. This comprehensive approach ensures that the 

system can protect against both known and unknown threats, providing a higher 

level of security for web applications. 

Table 10: Conclusions 

Therefore, it can be concluded that the proposed approach to link machine 

learning to active response mechanisms in WAF systems is efficient for improving 

web application security. This aspect, which ensures that the system is always 

learning about various threats, makes it rather effective at combating these threats 

at any given time. The outcomes obtained reveal that the proposed system can 

effectively protection web applications in real-time and enhance their security level 

by a large degree. 

5.2 Recommendation 

Based on the findings and conclusions of this research, the following 

recommendations are proposed for further research and practical application:Based 

on the findings and conclusions of this research, the following recommendations 

are proposed for further research and practical application. 

Firstly, it is probable to permanently enhance the machine learning models 

applied to the WAF system’s architecture. When new types of attacks are 

discovered or new techniques are devised, the models become less effective and 

need to be recalibrated with new sets of data. It is as such recommended that real- 

time threat intelligence feeds should be incorporated in the system and the models 

trained at a predefined interval of time. 

Secondly, improving the detection of the anomalies in the system is very 

important. These ideas build upon the current approach in the ways described 

below: The current approach should include other context-aware features in 

addition to location; more equipped anomaly detection algorithms have to be used. 

This will assist in determining the reputation of the IP address and, therefore, 
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distinguish between real zero day threats and other false alarms. Working with the 

cybersecurity analysts to obtain improved datasets that contain different types of 

genuine attacks and normal transactions will also strengthen the system’s variability 

and increase its detection capability. 

Lastly, for practical application, it is advised to implement a modular and 

scalable architecture for the WAF system. This will allow for easier integration with 

existing security infrastructures and the flexibility to adapt to different web 

application environments. Additionally, providing detailed logging and reporting 

mechanisms will help security teams understand and respond to detected threats 

more effectively. Continuous monitoring and feedback loops should be established 

to refine the system based on operational data and real-world attack scenarios. By 

following these recommendations, organizations can significantly enhance their 

web application security posture. 
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