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ABSTRACT  

The present review article analyzes the recent trend of detecting and eradicating SQL Injection (SQLi) and Cross-Site 

Scripting attacks, which currently hold the top position in web security threats. This paper hereby intends to highlight 

the importance of machine learning and AI as well as automated vulnerability scanning techniques against malicious 

attacks based on findings from four key studies. It highlights lacunae in current approaches, for example handling real-

time high traffic conditions and class imbalance in the detection dataset. In conclusion, the review suggests some 

promising ways forward, which include the integration of hybrid AI models, dataset diversity, along with points on 

developer education and training to enhance web security. 

1. INTRODUCTION - 

1.1 Background - 

Above all, web applications are common and helpful in daily life, providing services such as e-commerce and medical 

care. Because more and more users are demanding the site, it is one of the most critical issues of Web Security. The 

OWASP Top 10 list names SQL Injection (SQLi) and Cross-Site Scripting (XSS) two of the most common and harmful 

web vulnerabilities. 

• SQL Injection (SQLi) is the submission of malicious SQL code in such areas of the application where user input is 

not sanitized, so that the web application passes malicious SQL instructions to the database, resulting in a 

compromise of data integrity and confidentiality. 

• Cross-Site Scripting (XSS) refers to a client-side vulnerability involving a hacker embedding malicious scripts into 

web pages or pages viewed by others, leading to the theft of data, session hijacking, or unauthorized activities. 

Therefore, this is while despite advances in threat identification and prevention, the continuously evolving attack 

techniques together with increasing online space, still pose challenges. 

1.2 Importance of Security and Privacy 

In a world with so much freedom and activities provided through web applications, such as personal communication 

and financial transactions, security and privacy are essential. This is because rapid growth in internet services, coupled 

with the ever-evolving nature of web technologies, has made users and organizations vulnerable to increasingly 

developed cyber threats, including SQL Injection (SQLi) and Cross-Site Scripting (XSS). 

1.2.1. Security: A Pillar of Trust 

Security of web applications ensures protection of systems, data, and user interactions against unauthorized access and 

malicious activities. Security break can result in serious outcomes, such as: 

• Data Breach: Hackers can acquire sensitive user data like personal information, financial details, and confidential 

business data. 

• Operational disruptions can occur due to cyberattacks, resulting in system inoperability, leading to downtime and 

operational losses. 

• Reputation harm: Breaches erode user trust, causing lasting repercussions for businesses and organizations. 

By preventing SQLi and XSS attacks, companies can protect their resources and ensure the reliability of their systems. 

1.2.2. Privacy: A Fundamental Right 

Personal information must not be accessed, misused, or exposed unauthorisedly in cybersecurity because of its 

significance to privacy. In attacks related to XSS, session hijacking or cookie theft typically occurs to steal a user's 

information. The following are very important: 
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• Ensuring data privacy is critical for complying with legislation like as GDPR and CCPA, which govern user data 

protection. 

• Identity theft occurs when unauthorised people access personal information, potentially leading to Identity fraud 

• Businesses must adhere to legally enforced privacy standards in order to avoid legal ramifications such as fines 

and litigation. 

Addressing server-side threats like SQL injection as well as client-side issues like cross-site scripting are all part of 

ensuring privacy in online applications. 

1.2.3 The Need for Continuous Advancements 

The security and privacy measures thus evolve with the emergence of new techniques of attack. Following ongoing 

research in areas like machine learning-driven detection, automated scanners, and live monitoring would be appropriate 

for: 

• Dealing with new challenges using creative answers. 

• Decreasing the number of incorrect identifications and enhancing the precision of detection. 

• Enhancing capacity for practical applications by high frequent high traffics 

In a nutshell, the significance of security and privacy is paramount in the modern connected world. In fact, solving 

weaknesses like SQLi and XSS will make it possible to create a safer and more trustworthy web environment. 

1.3. Scope and targets of the evaluate 

This review focuses on the scope of existing methodologies to detect and prevent SQL injection (SQLi) attacks as well 

as Cross-Site Scripting (XSS), with the focus being on machine learning models, automated scanners, and hybrid AI 

techniques. Other challenging issues, such as class imbalance in datasets and minimizing false positives in detection 

systems, are also explored as well as the emerging solutions of lightweight and real-time frameworks. This review 

targets the research community by identifying gaps and future directions, developers and security professionals by 

indicating best practices, end-users and organizations by ensuring that the digital experience they offer is less prone to 

malware injection, and policymakers by advocating mandatory security standards and training. Although it's extensive, 

this review is confined to SQLi and XSS vulnerabilities, and those studies used depend on the existing real-world 

scenarios. This work bridges academic advancements with real-world application to improve security in web 

applications. 

2. METHODOLOGY 

2.1 Research Approach 

This paper is based on systematic assessment of the current trends in identifying and thwarting SQL Injection (SQLi) 

and Cross-Site Scripting (XSS) attacks, as well as pinpointing deficiencies and suggesting future avenues. This approach 

combines reviewing literature, analyzing comparatives, and synthesizing themes to gain a thorough grasp of the field. 

2.2 Data Sources and selection Criteria 

The data sources for this review comprise research papers, academic journals, and conference proceedings from 

reputable sources. In selecting the studies, the criteria were that they: 

• Focus on the detection and prevention of SQL Injection (SQLi) and Cross-Site Scripting (XSS). 

• Applymachine learning (ML) and automated scanning approaches. 

• Provide measurable performance metrics, such as detection rates, false positive rates. 

• Provide new insights or offer practical applications to web security. 

• Published within the last five years to ensure current developments in technology. 
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Study Focus Area Methodology 
Detection 

Rate (%) 
False Positive Rate (%) 

Ignacio Samuel Crespo-

Martínez et al. 

SQL Injection 

(SQLi) 
Logistic Regression 97 0.07 

Tobiloba Adenekan XSS Prevention Critical Analysis N/A N/A 

Dr. B. Siva Lakshmi et al. 
SQLi & XSS 

Prevention 

Automated 

Scanning Tool 
~95 Low 

Okusi, Oluwatobiloba XSS Detection Deep Forest Model High Addressed Class Imbalance 

3. LITERATURE REVIEW 

This chapter critically reviews the selected research papers, focusing on their contributions to detecting and preventing 

SQL Injection (SQLi) and Cross-Site Scripting (XSS) attacks. The review highlights methodologies, effectiveness, 

limitations, and areas for further research. 

3.1. SQL Injection (SQLi) Attack Detection 

SQL Injection, ranked top at OWASP, which is an attack aimed towards database-related vulnerabilities, often directed 

towards extracting sensitive data or system compromise. 

• Ignacio Samuel Crespo-Martínez et al. (2024) addressed the SQLi attacks detection issue by exploring lightweight 

network flow data for detection. They achieved over 97% accuracy with false alarm rates below 0.07% using the 

Logistic Regression classifier on datasets of attempts across popular database engines. Their work shows the 

possibility of ML as an effective low-overhead approach for detecting SQLi. Their method should be tested in real-

time, high-traffic scenarios for the purpose of scalability assessment. 

• In 2024, this author, Dr. B. Siva Lakshmi et al., forwarded an automated scanner for vulnerabilities to detect SQLi 

attacks in web applications through the estimation of input validation mechanisms that unveil potential SQLi 

vulnerabilities. Their work suggests some actionable advice for developers on how to mitigate risks but is subject 

to limited adaptability according to changing attack patterns through static rules. 

3.2 Cross-Site Scripting (XSS) Attack Detection 

Cross Site Scripting (XSS) is an input validation weakness that allows malicious scripts to execute against a web 

application, thus allowing them to steal user data and compromise system integrity. 

• Tobiloba Adenekan, in 2024, presented a critical review of XSS attacks, regarding vulnerabilities exploited along 

with the effect on organizations. He assessed different preventive measures, for example, content security policy 

and input sanitization. The contribution provides practical recommendations but lacks empirical validation of 

proposed techniques. 

• A new method of XSS detection was introduced by Okusi, Oluwatobiloba (2024) using a Deep Forest (DF) model, 

thereby "clearing up the class imbalance problems that often occur in security data sets and thus enhanced rare 

attack detection," according to the study. Therefore, further research on real-world applicability and scalability is 

needed to realize the potential of AI in enhancing XSS detection. 

3.3 Combining Detection for SQLi and XSS 

There is the great need for unified frameworks addressing SQLi and XSS vulnerabilities to offer reliable web security 

solutions. 

Recently Dr. B. Siva Lakshmi et al. (2024) proposed a dual focus vulnerability scanner which addressed both SQLi and 

XSS attack with preventive recommendations after automatic scanning. Therefore, that gaps bridge is one of the salient 

differences in the current landscape. However, it highlights potential maintenance challenges involved in achieving high 

accuracy across diverse attack vectors and varied application architectures. 

3.5 Gaps Identified in Literature 

Real-time Detection Challenges: Most of the works done concentrate on controlled environments or online but not 

real time. 

Scalability Issues: Techniques like ML-based detection need optimization for high-traffic networks. 

Unified Solutions: There exists very few unified frameworks addressing SQLi and XSS attacks from a holistic 

perspective. 

Dataset Quality: Class imbalance and less diverse attacks in training datasets limit model robustness. 
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4. FUTURE WORK AND CONTRIBUTIONS 

According to the literature review in this chapter, proposed progress is described in terms of overcoming the limitations 

found in the current approaches used to detect and prevent attacks from both SQL Injection and Cross-Site Scripting 

attacks. 

4.1 Enhancing Real-Time Detection- Hybrid machine learning model improve SQL Injection (SQLi) and Cross-Side 

Scripting(XSS) detection systems much more in real time using the strength of both supervised and unsupervised 

learnings. For instance, combining Logistic Regression algorithm implementation with anomaly detection algorithms 

will enhance scalability and accuracy in high-traffic environments when handling various attack patterns. The hybrid 

system should use reinforcement learning techniques to offer opportunities for continuous detection systems to change 

and adapt to new emerging threats with changing attack strategies through dynamic updates and self-improvement. The 

hybrid approach thus provides robust and proactive defense against sophisticated web vulnerabilities. 

4.2. Improved Scalability and Performance- Improved scalability and performance in detecting SQL Injection and 

Cross Site Scripting will be achieved with the help of cloud-based detection frameworks and optimized model 

architectures. As the cloud infrastructure can handle significant loads of traffic with scalable systems, maintaining high 

accuracy levels at the same time, distributed frameworks do not degrade performance by only balancing workloads across 

multiple servers. Besides, model compression techniques like pruning and quantization reduce computational overhead 

while maintaining operation efficiency without sacrificing precision in detection. It intertwines the strength of a robust 

and resource-efficient approach to securing web applications against modern threats. 

4.3. Unified Detection Frameworks- A unified detection framework for SQL Injection (SQLi) and Cross-Site Scripting 

(XSS) attacks can be the complete solution as it combines these factors to handle common vulnerabilities under a single 

built-in prevention tool. Modular architectures for a unified framework enable its further extension toward newly 

evolving web vulnerabilities for long-term adaptability. The multi-layered defense strategies that combine input 

validation with content security policies and AI-powered detection models are far more robust in strengthening overall 

security with multiple layers of protection. Incorporation of behavioral analysis expands upon this to track and prevent 

suspicious activities that may evade or bypass traditional methods, thus providing an enhanced security against 

sophisticated attacks. 

4.4 Advanced Dataset Curation- Advanced dataset curation is an important application in the improvement of SQL 

Injection and Cross-Site Scripting attacks detection, addressing class imbalance and enhancing model training. Real 

datasets, which represent the various patterns of attacks in a balanced manner, can ensure that the output of the model is 

accurate while synthetic data generation techniques enrich the datasets with rare and emerging scenarios, which makes 

the detection systems more resilient. Open data sharing through repositories of annotated datasets encourages 

collaboration within the security community and accelerates the development of more robust, versatile, and effective 

models used to counter evolving threats. 

4.5 Automated Threat Response Systems- Fully automated threat response systems enhance web security by enabling 

fast detection as well as neutralization of SQL Injection (SQLi) and Cross-Site Scripting (XSS) attacks. A system 

infrastructure based on blockchain further strengthens the security feature with the ability to have tamper-proof logging 

and the safe tracking of security incidents. It can even prevent data breach through self-healing in real time, causing less 

damage. In addition, the developer-friendly tools that offer actionable insights and customized security suggestions 

minimize the knowledge gap so that the developers can apply robust security measures with efficiency and effectiveness. 

Together, these two systems provide a holistic, proactive approach to protecting web applications. 

4.6 Future Research Directions- Future research in web security depends a lot on exploring the advanced AI technique 

and cross-domain applications that could be used to enhance the detection and prevention mechanisms of SQL Injection 

attacks and also XSS attacks. Conversely, the new technologies like transformers and graph neural networks are very 

promising for identifying subtle attack patterns, while XAI will not only enhance the transparency and trustworthiness 

of the security systems but also infuse clear reasons behind the decision-making process of these security systems. These 

methods could then be extended to spaces such as API security and mobile application security and potentially be 

adaptable scalable solutions to more complex modern problems in cybersecurity. 

5. CONCLUSION AND FUTURE WORK 

5.1 Summary- This review presents recent advancements in detection and prevention of SQL Injection (SQLi) and 

Cross-Site Scripting attacks in machine learning and hybrid frameworks. In addition, the literature puts focus on the 

scalability and adaptability of systems, like cloud-based architecture and hybrid models combining supervised and 

unsupervised learning. Reinforcement learning and anomaly detection methods support responsiveness in applications, 

and modular, multi-layered defense strategies suggest a stronger, extensible approach to web security. Especially in more 
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curated, diverse datasets with collaborative data sharing, emphasis on comprehensive coverage and innovation-remains 

particularly vital. 

5.2 Contributions of the Review- This paper integrates existing concepts and recognizes gaps in the methodologies of 

SQLi and XSS detection. Hybrid models of machine learning, advanced dataset curation, and unified frameworks are 

the major breakthroughs suggested in this paper. With the introduction of the system of automated threat response, 

future AI techniques also have been explored by giving a prospecting view focusing on inspiring further research and 

practical implementations on web security. 

5.3. Limitations- While this review discusses a wide scope of progress achieved, there are weaknesses: the discussed 

results heavily rely on public literature and datasets. These might not systematically capture proprietary or emerging 

techniques. Further, these methods generally revolve around particular environments, and this might limit generalization 

for other Web applications. 

5.4 Recommendations for Future Work 

Future work involves exploring the following: 

1. Advanced AI integration: This would involve research on transformer or graph neural networks, and explainable 

AI, to enhance detection accuracy and system transparency 

2. Cross-Domain Applications: How to extend the reach of detection techniques into domains of API and mobile 

security. 

3. Real-Time Solutions: Developing self-healing and blockchain-integrated systems for real-time mitigation and secure 

logging of incidents. 

4. Community outreach: Exploration of expanded open data repositories and collaborative research to stir up 

innovation in Web application security. 

5.5 Final Thoughts- The growth of web applications into modern systems calls for continuous security against SQLi 

and XSS attacks. In the review context, it is clear that there is a pressing need to have proactive, scalable, and transparent 

systems with the use of advanced AI and community collaboration within strong frameworks. Such steps would then 

see building of resilient defenses for the cybersecurity field protecting the integrity of modern web applications. 

6. REFERENCES 

[1] Crespo-Martínez, I. S., Campazas-Vega, A., Guerrero-Higueras, Á. M., Riego-DelCastillo, V., Álvarez-Aparicio, 

C., & Fernández-Llamas, C. (2024). 

SQL injection attack detection in network flow data. Demonstrated high detection rates using logistic regression 

on lightweight protocol flow data. 

[2] Adenekan, T. (2024). Enhancing Web Security: A Critical Analysis of Cross-Site Scripting Attack Prevention and 

Detection. Explored mechanisms, prevention strategies, and the importance of continuous monitoring for XSS 

mitigation. 

[3] Lakshmi, B. S., Kovvuri, D., Bolisetti, H. N. V., Chikkala, D. S., Karri, S., & Yadlapalli, G. (2024). 

A Proactive Approach for Detecting SQL and XSS Injection Attacks. Proposed an automated vulnerability scanner 

targeting input validation weaknesses in web applications. 

[4] ·Okusi, O. (2024). Cyber Security Techniques for Detecting and Preventing Cross-Site Scripting Attacks. 

Introduced the Deep Forest (DF) model to address class imbalance in XSS attack detection. 

[5] Open Web Application Security Project (OWASP). 

OWASP Top 10 Web Application Security Risks. Provided foundational insights into the vulnerabilities exploited 

by SQLi and XSS attacks. 

[6] Goodfellow, I., Bengio, Y., & Courville, A. (2016). Deep Learning. Comprehensive resource on machine learning 

and AI techniques relevant to SQLi and XSS detection advancements. 

[7] Abu-Mahfouz, A. M., & McDonald, S. (2019). Anomaly Detection in Network Traffic. A detailed exploration of 

anomaly-based approaches relevant to SQLi and XSS detection. 

[8] Huang, G., Liu, Z., Van Der Maaten, L., & Weinberger, K. Q. (2017). Densely Connected Convolutional Networks 

(DenseNet). Introduced methodologies that inspired advancements in AI-driven web security detection models. 

[9] Chollet, F. (2017). XAI and Explainable AI Frameworks. Discussed techniques for enhancing trust in automated 

security systems. 

[10] Google Cloud Security. Scalable Cloud-Based Security Solutions. Provided strategies for deploying cloud-based 

detection systems for high-traffic applications. 


