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Abstract 

The exponential growth of digital communication networks and cloud-based infrastructures has significantly 

increased the exposure of critical systems to cyber threats. Modern networks generate massive volumes of 

heterogeneous traffic, including benign user activities and increasingly sophisticated malicious behaviors. 

Traditional network intrusion detection systems (IDS), which primarily rely on rule-based, signature-driven, or 

shallow machine learning approaches, struggle to cope with the scale, diversity, and dynamic nature of 

contemporary cyberattacks. In particular, advanced threats such as botnets, distributed denial-of-service (DDoS) 

attacks, phishing campaigns, malware propagation, and multi-step intrusions often evade detection by 

mimicking legitimate traffic or unfolding gradually over time. These challenges highlight the urgent need for 

intelligent, adaptive, and context-aware security mechanisms capable of learning complex temporal patterns 

from network data. 

Recent advancements in Generative Artificial Intelligence (AI) and deep learning architectures, especially 

Transformer models, have opened new possibilities for intelligent threat detection. Transformers, originally 

developed for natural language processing tasks, have demonstrated remarkable capability in modeling long-

range dependencies using self-attention mechanisms. Unlike recurrent neural networks (RNNs) and long short-

term memory (LSTM) models, which process sequences sequentially and suffer from limited memory and 

delayed response, Transformers analyze entire sequences simultaneously. This property makes them 
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particularly suitable for network security applications, where understanding relationships between distant 

network events is essential for detecting evolving and multi-stage attacks. 

Keywords: Network Security, Intrusion Detection System (IDS), Generative Artificial Intelligence, 

Transformer Architecture, Self-Attention Mechanism, Sequential Network Modeling, Multi-Step Attack 

Detection, Botnet and Malware Detection, Explainable AI, Cyber Threat Intelligence 

Introduction 

Background of Cyber security and Modern Threat Landscape 

In the past two decades, cyberspace has evolved into one of the most critical infrastructures for economic, social, 

and governmental operations. Modern societies rely extensively on interconnected systems to manage financial 

transactions, healthcare services, industrial control systems, military communications, and personal data. With 

this increasing digital dependency, cybersecurity has become a fundamental requirement for maintaining trust, 

reliability, and resilience in information systems. 

The threat landscape, however, has expanded in both scale and sophistication. Early cyber threats were primarily 

limited to viruses and simple intrusions aimed at causing disruption or unauthorized access. In contrast, the 

contemporary environment is characterized by advanced persistent threats (APTs), ransomware campaigns, 

botnets, and zero-day exploits. These attacks are often orchestrated by highly skilled adversaries, including 

state-sponsored groups and organized cybercriminal enterprises, which leverage automation, stealth, and multi-

stage intrusion strategies to bypass conventional defence mechanisms. 

 

Figure 0-1 Types of Cyber Threats 
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Figure1.1 shows different types of cyber threats, including phishing attacks, ransomware, supply chain attacks, 

advanced persistent threats, Internet of Things (IoT) vulnerabilities, and malware. The accelerating integration 

of emerging technologies such as cloud computing, the Internet of Things (IoT), 5G networks, and edge 

computing has further widened the attack surface. Billions of devices connected globally introduce 

heterogeneity, vulnerabilities, and unprecedented complexity into network infrastructures. Consequently, 

security solutions must not only detect known threats but also anticipate novel and adaptive attack vectors that 

cannot be addressed through traditional signature-based or rule-based approaches.  

Evolution of Cybersecurity 

The history of cybersecurity is closely tied to the evolution of computing and networking technologies. In the 

early stages of computer systems, security concerns were minimal because systems were largely isolated and 

operated by trusted individuals. However, as networked environments emerged in the 1970s and 1980s, threats 

began to surface in the form of experimental programs such as the Creeper virus (1971), often regarded as the 

first self-replicating program. Soon after, the development of the Morris Worm in 1988 highlighted the 

devastating potential of uncontrolled malware, as it crippled a significant portion of the early internet 

infrastructure as shown in figure 1.2. 

In the 1990s, the rise of personal computing and the global spread of the internet gave birth to more sophisticated 

malicious programs, including Trojan horses, logic bombs, and macro viruses that exploited vulnerabilities 

in commonly used applications. This era also witnessed the growth of organized cybercrime, motivated by 

financial gain rather than simple experimentation. 
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Figure 0-2 Timeline of Cybersecurity Threats and Evolution 

The initial defense mechanisms-antivirus programs, basic firewalls, and access control systems-were reactive 

in nature, relying heavily on manually updated signature databases. While effective against known threats, these 

solutions lacked the ability to detect novel or polymorphic malware, which could modify its code to evade 

detection. As a result, the cybersecurity domain began to shift toward more advanced solutions such as 

intrusion detection systems (IDS) and intrusion prevention systems (IPS) in the early 2000s. 

The evolution of cybersecurity thus reflects a continuous cycle: as technologies advance and society becomes 

increasingly reliant on digital systems, attackers develop new methods of exploitation, which in turn forces 

defenders to innovate more sophisticated protection mechanisms. 
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Research Objectives, Scope, and Contributions 

Research Objectives 

The primary objective of this research is to design, implement, and evaluate Generative AI-driven 

approaches for intelligent threat detection and response in network security. Specifically, this 

thesis aims to: 

1. To develop generative models capable of accurately modelling both normal and abnormal 

network behaviours to improve the detection of complex and evolving cyber threats. 

2. To design a framework that integrates generative AI techniques with real-time intrusion 

detection and response mechanisms, enabling proactive and autonomous defense. 

3. To simulate adversarial behaviours using generative methods to enhance system preparedness 

against zero-day attacks, adversarial exploits, and adaptive intrusion strategies. 

4. To evaluate the performance of generative AI approaches against benchmark datasets and 

testbeds, focusing on detection accuracy, false alarm reduction, scalability, and response efficiency.  

5. To investigate ethical and security implications of employing generative AI in cybersecurity, 

including risks of adversarial misuse and mitigation strategies. 

Scope of the Study 

The scope of this thesis is centred on the application of Generative AI in the domain of network-level 

cybersecurity. While cybersecurity encompasses a broad spectrum of areas including cryptography, 

endpoint protection, and policy frameworks-this research will specifically focus on: 

1. Threat Detection: Enhancing anomaly detection and intrusion detection systems using 

generative models. 

2. Threat Response: Automating and optimizing response mechanisms with AI-driven decision-

making. 

3. Datasets and Environments: Using publicly available cybersecurity datasets (e.g., KDD99, 

UNSW-NB15, CICIDS2017) and simulated network environments for model training and evaluation. 

4. Generative AI Models: Investigating techniques such as Generative Adversarial Networks 

(GANs), Variational Autoencoders (VAEs), and transformer-based generative architectures. 

The research will not extend into areas such as cryptographic algorithm design, hardware-level security, 

or organizational policy, though the findings may provide valuable insights for these domains.  

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                      © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882 

IJCRT2602250 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c228 
 

Contributions of the Study 

This thesis is expected to contribute both theoretical advancements and practical innovations to the field 

of cybersecurity: 

1. Novel Framework: Introduction of a generative AI-driven framework for intelligent threat 

detection and response that can adapt dynamically to evolving threats. 

2. Improved Detection Accuracy: Demonstration of how generative models reduce false positives 

and enhance detection of zero-day and previously unseen attacks. 

3. Proactive Defense Strategies: Development of adversarial simulation techniques that enable 

security systems to anticipate and counter emerging attack vectors. 

4. Integration of Detection and Response: Advancement toward autonomous security systems 

that not only detect but also respond in real time with minimal human intervention. 

5. Ethical and Practical Insights: Critical analysis of the risks and challenges of generative AI in 

cybersecurity, offering recommendations for responsible and secure deployment. 

Through these objectives and contributions, the research seeks to establish Generative AI not merely as 

a supplementary tool but as a paradigm-shifting approach to network security, capable of enabling 

intelligent, scalable, and autonomous cyber defense mechanisms. 

Structure of the thesis 

The remainder of this thesis is organized into six chapters, each addressing a critical aspect of the research 

journey, from conceptual foundations to practical implementation and evaluation. 

1. Chapter 2 - Literature Review: This chapter provides a comprehensive review of existing work in 

network security, traditional and AI-based intrusion detection systems, and recent advances in generative AI. 

It highlights the strengths and weaknesses of current approaches, identifies research gaps, and positions the 

study within the broader cybersecurity research landscape. 

2. Chapter 3 - Research Methodology: This chapter outlines the methodological framework employed 

in the study. It discusses the research design, datasets, system architecture, generative AI models, and 

evaluation metrics. The chapter also describes the experimental setup and justifies the selection of tools and 

techniques used. 

3. Chapter 4 - Proposed Generative AI Framework: This chapter introduces the core contribution of 

the research: a generative AI-driven framework for intelligent threat detection and response. It details the 

design, architecture, and operational workflow of the framework, including modules for anomaly detection, 

adversarial simulation, and automated response. 

4. Chapter 5 - Experimental Results and Analysis: This chapter presents the results of experiments 

conducted using benchmark datasets and simulated environments. It evaluates the framework’s performance 
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in terms of detection accuracy, scalability, false positive rates, and response effectiveness. Comparative 

results against existing AI-based approaches are also included to demonstrate improvements and limitations. 

5. Chapter 6 - Discussion: This chapter interprets the findings in the context of the research objectives 

and broader cybersecurity practices. It examines the implications of generative AI in network security, 

discusses the limitations of the study, and reflects on ethical considerations, risks of misuse, and challenges 

for large-scale adoption. 

6. Chapter 7 - Conclusion and Future Work: The final chapter summarizes the major findings and 

contributions of the research. It reflects on the significance of generative AI in advancing network security 

and outlines potential directions for future work, including integration with explainable AI, cross-domain 

adaptive defenses, and applications in emerging technologies such as quantum networks. 

Concluding Observations  

This research demonstrates that Transformer-based models provide a powerful and effective solution 

for intrusion detection in modern network environments. By leveraging self-attention mechanisms, the 

proposed framework successfully captures long-range temporal dependencies and detects complex, 

multi-step cyberattacks with high accuracy and reliability. 

The combination of strong detection performance, early attack identification, scalability, and attention-

based interpretability addresses key challenges faced by traditional and recurrent intrusion detection 

systems. Overall, the findings of this work contribute to the advancement of intelligent, explainable, and 

scalable network security solutions and establish a solid foundation for future research in Transformer-

based cyber security systems. 
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