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Abstract: Recent advances in GenAI have significantly changed the way the contents like text, visuals, audios, and videos are 

created. Due to this unique ability to create new data instances, this technology is rapidly growing and leading to diverse and 

interesting applications across different fields such as arts, commerce, business, education, finance, design, architecture, 

healthcare, pharmaceuticals, manufacturing, media, entertainment, software development, and communications. As a result, this 

innovation opens up a world of new possibilities. Although, significant advancements, some concerns still persist including 

hallucinations, security risks, data privacy, ethical challenges, regulatory compliance, and IPR issues. In this paper, an attempt is 

made to understand the concept GenAI, its evolution, applications, challenges, ethical implications and finally conclusion. 
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1. Introduction 
 

In 1955, John McCarthy has coined the term “Artificial 

Intelligence (AI)” as "the science and engineering of making 

intelligent machines" [1]. A lot of work in this area has been 

done since its inception and it has experienced a surprising 

progression from symbolic reasoning, rule-based systems, 

and problem-solving techniques to machine learning and 

neural networks. Later in the 21st century, with the rise of 

improved computational potentials and extensive datasets 

access has accelerate the development of deep learning, 

which leads to significant improvement in image recognition, 

computer vision, autonomous systems, and natural language 

processing to most recently Generative AI (GenAI) that 

behave like humans [2].  

 

GenAI is a class of AI having the capability to produce new 

and original content such as text, image, code, which is 

statistically realistic as a result of trained data, whether it is 

text, music, code, images, audio, or video [3]. Generative 

models generate new results using their training data instead 

of discriminative models, which are focused on classification 

or prediction. GenAI tools such as ChatGPT for text, DALL-

E, and Midjourney for images, and GitHub Copilot for code 

facilitates us to move beyond pattern recognition to create 

contents [4]. Current trends in deep learning architectures 

which include GANs (Generative Adversarial Networks) and 

VAEs (Variational Autoencoders) have assisted in a new 

paradigm shift [5]. Its applications range across different 

fields is very extensive and diverse that covers everything 

from image recognition, Natural Language Processing 

(NLP), Computer Vision, and Robotics to Data 

Augmentation [6].  

 

This journey is both long and fascinating which further 

involves many milestones and hurdles. In November 2022, 

ChatGPT was released. OpenAI has released a LLM (Large 

Language Model) called GPT4 to its four months later, with 

significant improved capabilities [7]. Similarly, Anthropic's 
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GenAI, Claude, was launched in May 2023 as an updated 

version of its launch in March 2023 [8]. Google made a major 

announcement in May 2023 that it would be incorporating 

GenAI into its products, including SGE (Search Generative 

Experience) and PaLM to enhance their Bard chatbot and 

other Google products [9, 10]. The most popular GenAI tools 

include ChatGPT, Designs.ai, GitHub Copilot, Murf.ai, 

Gemini, AlphaCode, Claude, Cohere Generate, DALL-E 2, 

ChatSonic, Synthesia, Descript, EnGenius, Bardeen, Copy.ai, 

Rephrase.ai, Type Studio, Soundraw, and ChatFlash [11]. 

 

1.1 Objective of the Study 
In this section, an attempt is made to understand basics of 

GenAI. The main objective of this research is to understand 

the concept starting from definition of AI to GenAI. This 

involves GenAI tools, current trends in deep learning 

architectures, and its applications across different fields. A 

further objective is to highlight GenAI timeline, applications, 

challenges and limitations and future directions.  

 

1.2 Organization of the Paper 
Rest of the paper reflects its evolution since inception of AI, 

its applications across domains, its challenges and critical 

ethical considerations, and finally concludes that GenAI is a 

new paradigm shift in AI. 

 

2. Related Work 
 

[12] have comprehensively examined and evaluated recent 

developments and methods in GenAI including models 

tailored to particular applications. By providing multiple 

examples of each technology for the first time Gozalo-

Brizuela and Merchan [13] have provided an updated 

overview of GenAI and its landscape. Sakirin and Kusuma 

[14] provided an overview of contemporary methods that are 

propelling the development of creative AI systems with a 

focus on generative methods for creating lifelike images. and 

went on to describe the rapid evolution of GANs and diffuse 

models over the past few decades. [15] presented this survey 

to describe potential uses of Gen-AI across various sectors 

and identify the risks and opportunities associated with them 

as well as covering the fundamental models of Gen-AI, such 

as Generative Adversarial Networks (GANs), Variational 

Autoencoders, etc. [16] presented a comprehensive taxonomy 

of GAN, VAE, and DMs while providing a framework for 

understanding their development, including their variations 

and combined approaches. The key innovations outlined here 

reflect generative artificial intelligence's expanding potential 

in terms of quality, diversity, and controllability. Further, the 

societal impact of synthetic media and the risk of misuse are 

discussed. He et al. [17] have presented a brief summary of 

GAI's current and historical developments in this paper. In 

addition, this paper discusses successful generative 

applications and identifies open challenges. [18] presented an 

overview of GenAI in XR published between 2023 and 2025. 

[19] reviewed GAI's ethical landscape. Five primary ethical 

challenges are identified, namely bias and discrimination, 

misinformation, faking data, infringement of intellectual 

property rights, and regulatory compliance. 

 

3. Evolution of GenAI: A Timeline 
 

Even though many of us believe GenAI as emerging field in 

recent, but its inception is date back many decades. This 

journey is both long and fascinating which involves many 

milestones and hurdles. In this section we try to highlight the 

journey since its inception to present time with major 

achievements and developments. 

 

Early Beginnings (1950s-1980s): The GenAI’s origin can be 

traced back to 1950, when Alan Turing, the famous British 

mathematician and computer scientist had published a 

research paper titled "Computing Machinery and 

Intelligence" in Mind Journal. This research had addressed 

the questions such as "Can machines think?" and laid the 

foundation of AI [20]. Firstly in 1955, the term “Artificial 

Intelligence (AI)” was coined by John McCarthy as "the 

science and engineering of making intelligent machines" [1]. 

In 1958, he introduced a programming language called LISP 

(LISt Processor) the first standard programming language for 

AI. In 1961, George Devol has invented the industrial robot 

called "Unimate". AI's next invention was the first chatbot – 

Eliza. In 1969, the first general purpose mobile robot called 

Shakey was launched. In 1980s, the first neural network 

model was developed, which later laid the foundation for 

modern GenAI [21]. 

 

Introduction of Generative Models (1990s-2000s): In 

1990s, generative models like GMM (Gaussian Mixture 

Model) and HMM (Hidden Markov Model) were introduced 

to perform tasks like speech recognition and image 

processing [22]. In 1995, the first chatbot named ALICE was 

developed which is based on natural language processing 

(NLP). In 1997, IBM developed the first chess-playing 

computer named "DeepBlue". In 1998, the first robot named 

"Kismet" was developed which was able to interact with 

humans demonstrating emotions. In 1999, Sony has 

introduced AIBO - a robotic dog, which is capability to 

understand and respond more than hundred voice commands. 

Later in 2000s, new generative models were developed such 

as VAEs (Variational Autoencoders) and GANs (Generative 

Adversarial Networks) [23]. 

 

Deep Learning (2010s): Early in 2010s, the concept of deep 

learning came into existence with its techniques such as 

CNNs (Convolutional Neural Networks) and RNNs 

(Recurrent Neural Networks) [24]. In 2010, Microsoft 

launched the first gaming device named "Xbox 360" that 

keeps track of human body movements. In 2011, Apple 

launched an intelligent voice assistant named "Siri" while in 

the same year IBM launched its natural language question-

answering computer named "Watson". In 2014, Amazon 

launched its virtual intelligent assistant named “Alexa”. Later 

in 2014, Ian Goodfellow and colleagues development of 

Generative Adversarial Networks (GANs) to create very 

realistic videos and images [25]. 

 

Advances in GANs and VAEs (2015-2017): A lot of 

research work has been done during 2015 to 2017 to improve 

GANs and VAEs, including Conditional cGANs (Conditional 
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GANs) [26], DCGAN (Deep Convolutional Generative 

Adversarial Networks) [27], as well as GMVAE (Gaussian 

Mixture Variational Autoencoder) [28]. In 2016, a humanoid 

robot called Sophia was introduced which later got 

citizenship of the country Saudi Arab; which was capable of 

imitating human expressions, including speech, language, 

and opinions. In 2017, Amper became the first AI music 

producer, musician and composer. 

 

State-of-the-Art GenAI Models (2018-Present): It has been 

a period of significant change from models like GANs and 

VAEs to dominance of transformer-based architectures that 

are foundation to large language models (LLMs) and 

multimodal models, for handling longer and complex 

sequences. The models like BigGAN (Big Generative 

Adversarial Network) [29], StyleGAN (Style Generative 

Adversarial Network) [30], and VAE-Transformer [31] are 

some in this category. Some of the most prominent 

applications of GenAI during this period using these models 

include ChatGPT and Jasper AI for text, Midjourney and 

DALL-E 2 for image, Murf.ai for audio, Synthesia for video, 

MusicGen for music and ChatGPT and GitHub CoPilot for 

code generation. 

 

4. Applications across Domains 
 

Creative Arts: GenAI tools like MidJourney, MusicGen, 

Jasper AI etc. are now used for art, music, design and 

literature. Though, authorship and originality still remain 

controversial. [32].   

 

Healthcare and Pharmaceutical: GenAI Among the 

possibilities for GenAI in health care are: Enhancing medical 

images, discovering new drugs [33], simplifying tasks with 

patient notes and information, and personalizing treatments. 

Some popular GenAI tools in healthcare are as: Microsoft 

Copilot, Nuance, Glass.AI, Syntegra Medical Mind, corti - 

voice based AI, Hippocratic AI, Unlearn AI, Google Bard, 

Redbrick AI's Fast Automated Segmentation Tool (F.A.S.T), 

Abridge, Suki Assistant Gen 2 etc. Likewise, harnessing the 

power of GenAI in drug discovery by companies like Insilico 

Medicine, Exscientia, Iktos, and Adaptyv Bio etc. In 2025, it 

is expected that 30% of the new drugs discovery is done using 

GenAI [34, 35]. 

 

Advertising and Marketing: To enhance content creation, 

personalize recommendations, search engine optimization, 

product description, and customer engagement, GenAI tools 

streamline the automated creation of text, images, audio, and 

video etc. The most popular GenAI tools used here are 

ChapGPT, Jasper, Copy.ai for textual contents, Midjourney, 

AdCreative.ai and Canva for visuals, Synthesia and Lumen5 

for video generation.  

 

Software Development: GenAI tools like Amazon 

CodeWhisperer, Cursor, Windsurf, GitHub Copilot and 

Google's Gemini to generate code, accelerate development, 

translate programming languages, and automate testing etc. 

But, it also raised questions about the license and quality of 

the code [36].   

Education: GenAI offers diverse applications in education 

through tools like Canva Magic Write, Jasper AI for content 

creation for customized lessons, Quizizz for educational quiz 

as adaptive tests, Quizlet Q-Chat as personal AI tutor, 

Microsoft Translator to enhance accessibility, and GitHub 

Copilot for students to code. Although GenAI plays a 

significant role in education, but, still there remains a risk of 

misinformation [37].   

 

Financial services: GenAI offers diverse applications in 

financial services industry to analyze, enhance, and automate 

financial workflows such as to create investment strategies, 

to recognize speech, to communicate and educate both 

investors & clients, to analyze customer sentiments, to 

process documentation fast, and to monitor regulatory 

compliance. This includes GenAI tools like DataSnipper, 

Power BI with Copilot, Datarails FP&A, AlphaSense 

Assistant, TallierLT, ZAML Platform etc. As a result, an 

annual increase of $ 200 billion to $340 billion is observed, 

according to McKinsey [38]. 

 

5. Challenges and Limitations 
 

The key challenges for GenAI are classified as technical, 

ethical, social, implementation, and operational challenges; 

which further include challenges such as data availability, 

data quantity, data quality, data management, data privacy 

and security, ethical and bias concerns, intellectual property 

(IP) rights, lack of strategic roadmaps, adoption and training, 

infrastructural limitations, model training complexity, ethical 

and bias issues, integration with existing systems, scalability, 

cost and resource management, and skill gaps [39]. 

 

Technical Challenges   

• Computational Demand: GenAI models need high 

computational demand for training and operation. 

Hence, these models require substantial energy and 

resources [40, 41]. 

• Bias in GenAI: Biases inherit from multiple sources 

including data bias, algorithmic bias, cognitive bias, 

training data, perpetuating societal inequalities that can 

affect the fairness and reliability of the systems [42]. 

 

Data Privacy and Security 

GenAI models require huge datasets; hence they raise 

concerns regarding data security and privacy. The emerging 

challenges to this include hallucinations and fabrications, 

cyber security threats, and data privacy [43].  

 

• Ethical Challenges 

There are many ethical concerns including authorship and 

academic integrity; honesty and avoidance of prejudice; 

intentional misuse; copyright and intellectual property rights; 

authenticity, and attribution; misinformation and deepfakes; 

educational ethics; transparency and accountability; and 

finally social and economic impact [44, 45]. 

 

• Implementation and Operational Challenges 

In addition to concerns regarding data security and privacy, 

copyright violations, misinformation, and bias reinforcement; 
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business leaders must consider these challenges such as 

shortage of skilled talent, cost and resource management, lack 

of strategic roadmaps, and adoption and training too. 

 

6. Conclusion 
 

It is a rapidly evolving field that has revolutionized the world 

by reshaping various industries workflow, communication, 

and innovations. It has not only boosted the analytical 

abilities in decision making but also enhanced creativity. 

Despite, its significant progress across industries and 

businesses, there are many concerns that need to be addressed 

to the current state-of-art. If we move to its future then it is 

essential to mention here the impact of GenAI on our social 

life too. Really, this technology has completely transformed 

many aspects of daily life from education, transportation, 

healthcare, pharmaceutical to software development and 

many more beyond it. But, still many considerations and 

challenges along with significant opportunities persist. 
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