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ABSTRACT

Generative artificial intelligence (AI) is a popular buzzword in recent times. It encompasses algorithms 
that create content such as text, images, and music based on underlying data patterns. Its key principles 
include neural network architectures, like generative adversarial networks and transformers, which enable 
machines to learn and reproduce human-​like contents. Its capabilities span across language modeling, 
image synthesis, and audio generation, offering tools for innovation in various industries. Applications 
range from automating content creation in media and entertainment to enhancing drug discovery in 
healthcare. Despite its transformative potential, generative AI also presents ethical challenges, necessitat-
ing responsible use and regulation to ensure the alignment of AI-​generated outputs with societal values.

INTRODUCTION

Generative artificial intelligence (AI) represents a significant leap forward in the field of AI, offering 
ground-​breaking capabilities in creating content and simulating human-​like creativity. It operates on the 
principle of learning from existing data patterns to generate new data that mimics the originals (Johnsen, 
2024). This technology has become a focal point of research and development across multiple domains, 
ranging from computer vision and natural language processing to music and art generation (Feuerriegel 
et al., 2024). The core principle behind generative AI lies in its ability to autonomously produce high-​
quality and contextually relevant outputs by employing sophisticated models like Generative Adversarial 
Networks (GANs) and Variational Autoencoders (VAEs). These models use deep learning techniques to 
capture intricate data distributions and enable machines to generate novel outputs. The main motivation 
for generative AI lies in its ability to automate content creation, enhance creativity, and solve complex 
problems efficiently. By generating realistic images, text, music, and even video, generative AI empowers 
creators, marketers, and developers to produce high-​quality content rapidly (Banh & Strobel, 2023). It 
enables personalized user experiences, driving engagement in various industries such as entertainment, 
education, and e-​commerce. Furthermore, generative AI assists in research and development by simulating 
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scenarios and offering innovative solutions, reducing costs and time (Routray et al., 2024a). Its potential 
to augment human creativity and streamline processes positions generative AI as a transformative force 
in technology and society, driving innovation and progress.

Generative AI is popular due to its wonderful abilities to produce creative contents. Its transformative 
power lies in its capability to perform complex tasks with remarkable precision and efficiency. The tech-
nology has enabled breakthroughs in language modeling, where generative AI systems like Generative 
Pre-​trained Transformer (GPT) and Google’s Bidirectional Encoder Representations from Transformers 
(BERT) have demonstrated impressive proficiency in understanding and generating human-​like text. 
These models have reshaped natural language processing by enhancing machine translation, text summa-
rization, sentiment analysis, and conversational AI. In addition to that, generative AI is making strides in 
computer vision through image generation models such as StyleGAN, which can generate photorealistic 
images from textual descriptions or create imaginative art pieces with astonishing creativity (Weisz et 
al., 2024). The applications of generative AI extend beyond content generation. In healthcare, it plays a 
pivotal role in drug discovery, protein folding simulations, and medical imaging analysis. For instance, 
generative models can synthesize molecular structures and predict their interactions, significantly ac-
celerating the drug development process. In the field of fashion and design, generative AI is employed 
to create innovative designs, allowing designers to explore new aesthetic possibilities and streamline 
their creative workflows. The technology’s potential to automate and enhance creative tasks is revolu-
tionizing industries, offering opportunities for businesses to innovate and differentiate themselves in a 
competitive market.

Despite its remarkable capabilities, generative AI poses ethical challenges and concerns. The ability to 
generate hyper-​realistic content raises issues related to misinformation, privacy, and intellectual property 
rights. Deepfake technology, which utilizes generative AI to manipulate audio and video content, presents 
risks to personal privacy and security (Helmus, 2022). Therefore, the responsible use and regulation of 
generative AI are imperative to mitigate its potential negative impact on society. Policymakers, research-
ers, and industry leaders must collaborate to establish ethical guidelines and frameworks that ensure the 
technology is developed and deployed in alignment with societal values. Generative AI is reshaping the 
landscape of AI by enabling machines to create and innovate in ways previously thought impossible. 
Its principles, capabilities, and applications are driving advancements across diverse fields, offering 
unprecedented opportunities for creativity and efficiency. As generative AI continues to evolve, it holds 
the promise of transforming industries and society, but it must be harnessed responsibly to maximize 
its benefits while minimizing its risks.

In this chapter, we present the main principles, capabilities and applications of generative AI. We 
present the mail operating principles of generative AI and different logical mechanisms behind them. 
We show that generative AI has great potentials to transform the modern technology landscape. We also 
present the main concerns associated with generative AI. The rest of this article is organized into seven 
sections. The second section discusses related works, followed by the third section, which outlines the 
key principles of generative AI. The fourth section delves into the current capabilities of generative 
AI, while the fifth section explores its main applications. In the sixth section, we address the primary 
concerns associated with generative AI. The seventh section highlights future research directions in the 
field, and finally, the last section concludes the article.
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