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ABSTRACT

This chapter examines the issues that traditional cyber defense tactics confront and 
investigates the limitations of static defense measures and the necessity for dynamic 
and adaptable alternatives. Furthermore, the chapter discusses the principles of 
GenAI for cyber defense and its approaches, as well as an overview of how GenAI 
allows synthetic data to be developed to train robust defense models and recognize 
emerging threats. A separate part discusses how GenAI can be applied to dynamic 
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threat detection and response in real-​time cyber defense operations. This chapter 
emphasizes the importance of dynamic threat detection and response in real-​time 
cyber defense operations and adaptive security policies based on GenAI. A full 
treatment of predictive analytics and forecasting, as well as threat intelligence 
fusion using GenAI techniques, is included in the book chapter. Finally, the chap-
ter finishes with real-​world examples and use cases demonstrating the efficacy of 
dynamic defense strategies utilizing GenAI, ethical and legal considerations, future 
directions, and new trends.

INTRODUCTION

Owing to the ongoing advancements in network-​based systems, including cloud 
computing, the Internet of Things (IoT), and other nascent technologies, many 
Cyber-​Physical Systems (CPS) have been implemented across domains, facilitating 
the simultaneous sharing and utilization of information resources. While promoting 
the efficient functioning of critical and influential sectors such as energy, transport, 
economics, and grid power, these resources have emerged as essential strategic 
infrastructures for all nations and organizations (Keshk et al., 2021; Mukherjee 
& De, 2021; Patwary et al., 2020). As a result, a new norm of social operations 
emerges, profoundly altered by these resources regarding human production and way 
of life. Alongside this advancement and their interconnected structured operations 
and processes, the digital world is expanding and permeating every part of our 
lives, and with it comes the undercurrent of cybersecurity concerns. Furthermore, 
as cyberspace gains access to more extensive data assets and amenities, security 
threats also assume novel forms. Diverse cyber security incidents transpire regularly, 
concomitant with the global proliferation of novel cyber threats (Tayyab & Marjani, 
2021). Constantly occurring major security incidents and the array of attacks have 
demonstrated that cyber security confronts formidable obstacles over the years (He 
et al., 2021; Zafar et al., 2017).

The constant and ever-​changing nature of cybersecurity threats is a formidable 
obstacle for organizations in today’s interconnected digital world. A dual strategy is 
necessary to protect a company’s assets in an age of ever-​increasing need for more 
robust cybersecurity. First, there is an immediate necessity for companies to increase 
their cybersecurity resources, which must be acknowledged. Second, to put these 
system protections into place and keep an eye on them, organizations must actively 
seek out, hire, and collaborate with top-​tier cybersecurity experts (Hameed et al., 
2018; Lone et al., 2023). With the emergence of diversification attacks, conventional 
cyber defense technologies—including data security and device security, access 
management, authentication, data encryption, privacy protection, and intrusion 
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