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Brief Overview (Abstract)
The Generative AI or the Artificial Intelligence, is a type of AI that can create new things like text, images, music, or even computer code. Generative artificial intelligence (Generative AI, GenAI,[1] or GAI) is a subfield of artificial intelligence that uses generative models to produce text, images, videos, or other forms of data.[2][3][4] These models learn the underlying patterns and structures of their training data and use them to produce new data[5][6] based on the input, which often comes in the form of natural language prompts.[7][8]

Microsoft Azure, a popular cloud computing platform, makes it easier for businesses and developers to use these powerful AI tools. Microsoft Azure, or just Azure is the cloud computing platform developed by Microsoft. It has management, access and development of applications and services to individuals, companies, and governments through its global infrastructure. It also provides capabilities that are usually not included within other cloud platforms, including software as a service (SaaS), platform as a service (PaaS), and infrastructure as a service (IaaS). Microsoft Azure supports many programming languages, tools, and frameworks, including Microsoft-specific and third-party software and systems.

Introduction
Azure was first introduced at the Professional Developers Conference (PDC) in October 2008 under the codename "Project Red Dog".[8] It was officially launched as Windows Azure in February 2010 and later renamed to Microsoft Azure on March 25, 2014.
Microsoft Azure uses large-scale virtualization at Microsoft data centers worldwide and offers more than 600 services.[11] Microsoft Azure offers a service level agreement (SLA) that guarantees 99.9% availability for applications and data hosted on its platform, subject to specific terms and conditions outlined in the SLA documentation.[12]
· Virtual machines, infrastructure as a service (IaaS), allowing users to launch general-purpose Microsoft Windows and Linux virtual machines, software as a service (SaaS), as well as preconfigured machine images for popular software packages.[13]
· Starting in 2022, these virtual machines are now powered by Ampere Cloud-native processors.[14]
· Most users run Linux on Azure, some of the many Linux distributions offered, including Microsoft's own Linux-based Azure Sphere.[15]

Generative AI tools have become more common since the AI boom in the 2020s. This boom was made possible by improvements in transformer-based deep neural networks, particularly large language models (LLMs). Major tools include chatbots such as ChatGPT, Copilot, Gemini, Claude, Grok, and DeepSeek; text-to-image models such as Stable Diffusion, Midjourney, and DALL-E; and text-to-video models such as Veo and Sora.[9][10][11][12] Technology companies developing generative AI include OpenAI, Anthropic, Meta AI, Microsoft, Google, DeepSeek, and Baidu.[7][13][14]
Generative AI has raised many ethical questions as it can be used for cybercrime, or to deceive or manipulate people through fake news or deepfakes.[15] Even if used ethically, it may lead to mass replacement of human jobs.[16] The tools themselves have been criticized as violating intellectual property laws, since they are trained on copyrighted works.[17] .  
Generative AI is used across many industries. Examples include software development,[18] healthcare,[19] finance,[20] entertainment,[21] customer service,[22] sales and marketing,[23] art, writing,[24] fashion,[25] and product design.[26]

Microsoft Azure 

Computer services[edit]
· Virtual machines, infrastructure as a service (IaaS), allowing users to launch general-purpose Microsoft Windows and Linux virtual machines, software as a service (SaaS), as well as preconfigured machine images for popular software packages.[13]
· Starting in 2022, these virtual machines are now powered by Ampere Cloud-native processors.[14]
· Most users run Linux on Azure, some of the many Linux distributions offered, including Microsoft's own Linux-based Azure Sphere.[15]
· App services, platform as a service (PaaS) environment, letting developers easily publish and manage websites.
· Azure Web Sites allows developers to build sites using ASP.NET, PHP, Node.js, Java, or Python, which can be deployed using FTP, Git, Mercurial, Azure DevOps, or uploaded through the user portal. This feature was announced in preview form in June 2012 at the Meet Microsoft Azure event.[16] Customers can create websites in PHP, ASP.NET, Node.js, or Python, or select from several open-source applications from a gallery to deploy. This comprises one aspect of the platform as a service (PaaS) offerings for the Microsoft Azure Platform. It was renamed Web Apps in April 2015.[10][17]
· Web Jobs are applications that can be deployed to an App Service environment to implement background processing that can be invoked on a schedule, on-demand, or run continuously. The Blob, Table, and Queue services can be used to communicate between Web Apps and Web Jobs and to provide state.[8]
· Azure Kubernetes Service (AKS) provides the capability to deploy production-ready Kubernetes clusters in Azure.[18]
· In July 2023, watermarking support on Azure Virtual Desktop was announced as an optional feature of Screen Capture to provide additional security against data leakage.[19]

Identity[edit]
· Entra ID connect is used to synchronize on-premises directories and enable SSO (Single Sign On).[20]
· Entra ID B2C allows the use of consumer identity and access management in the cloud.
· Entra Domain Services is used to join Azure virtual machines to a domain without domain controllers.
· Azure information protection can be used to protect sensitive information.
· Entra ID External Identities is a set of capabilities that allow organizations to collaborate with external users, including customers and partners.[21]
· On July 11, 2023, Microsoft announced the renaming of Azure AD to Microsoft Entra ID.[22] The name change took place four days later.

Mobile services[edit]
· Mobile Engagement collects real-time analytics that highlight users’ behavior. It also provides push notifications to mobile devices.[23]
· HockeyApp can be used to develop, distribute, and beta-test mobile apps.[24]

Storage services[edit]
· Storage Services provides REST and SDK APIs for storing and accessing data on the cloud.
· Table Service lets programs store structured text in partitioned collections of entities that are accessed by the partition key and primary key. Azure Table Service is a NoSQL non-relational database.
· Blob Service allows programs to store unstructured text and binary data as object storage blobs that can be accessed by an HTTP(S) path. Blob service also provides security mechanisms to control access to data.
· Queue Service lets programs communicate asynchronously by message using queues.
· File Service allows storing and access of data on the cloud using the REST APIs or the SMB protocol.[25]

Communication services[edit]
· Azure Communication Services offers an SDK for creating web and mobile communications applications that include SMS, video calling, VOIP and PSTN calling, and web-based chat.

Data management[edit]
· Azure Data Explorer provides big data analytics and data-exploration capabilities.
· Azure Search provides text search and a subset of OData's structured filters using REST or SDK APIs.
· Cosmos DB is a NoSQL database service that implements a subset of the SQL SELECT statement on JSON documents.
· Azure Cache for Redis is a managed implementation of Redis.
· StorSimple manages storage tasks between on-premises devices and cloud storage.[26]
· Azure SQL Database works to create, scale, and extend applications into the cloud using Microsoft SQL Server technology. It also integrates with Active Directory, Microsoft System Center, and Hadoop.[27]
· Azure Synapse Analytics is a fully managed cloud data warehouse.[28][29]
· Azure Data Factory is a data integration service that allows creation of data-driven workflows in the cloud for orchestrating and automating data movement and data transformation.[30]
· Azure Data Lake is a scalable data storage and analytic service for big data analytics workloads that require developers to run massively parallel queries.
· Azure HDInsight[31] is a big data-relevant service that deploys Hortonworks Hadoop on Microsoft Azure and supports the creation of Hadoop clusters using Linux with Ubuntu.
· Azure Stream Analytics is a Serverless scalable event-processing engine that enables users to develop and run real-time analytics on multiple streams of data from sources such as devices, sensors, websites, social media, and other applications.

Messaging[edit]
The Microsoft Azure Service Bus allows applications running on Azure premises or off-premises devices to communicate with Azure. This helps to build scalable and reliable applications in a service-oriented architecture (SOA). The Azure service bus supports four different types of communication mechanisms:[32][33]
· Event Hubs, which provides event and telemetry ingress to the cloud at a massive scale, with low latency and high reliability. For example, an event hub can be used to track data from cell phones such as coordinating with a GPS in real time.[34]
· Queues, which allows one-directional communication. A sender application would send the message to the service bus queue and a receiver would read from the queue. Though there can be multiple readers for the queue, only one would process a single message.
· Topics, which provides one-directional communication using a subscriber pattern. It is similar to a queue; however, each subscriber will receive a copy of the message sent to a Topic. Optionally, the subscriber can filter out messages based on specific criteria defined by the subscriber.
· Relays, which provides bi-directional communication. Unlike queues and topics, a relay does not store in-flight messages in its memory; instead, it just passes them on to the destination application.

Media services[edit]
A PaaS offering that can be used for encoding, content protection, streaming, or analytics.[35]
CDN[edit]
Azure has a worldwide content delivery network (CDN) designed to efficiently deliver audio, video, applications, images, and other static files. It improves the performance of websites by caching static files closer to users, based on their geographic location. Users can manage the network using a REST-based HTTP API.[36]
Azure has 118 point-of-presence locations across 100 cities worldwide (also known as Edge locations) as of January 2023.[37]
Developer[edit]
· Application Insights[38]
· Azure DevOps[39]

Managements[edit]
· With Azure Automation, users can easily automate repetitive and time-consuming tasks, often prone to cloud or enterprise setting errors. They can accomplish it using runbooks or desired state configurations for process automation.[40]
· Microsoft SMA

Azure AI[edit]
· Microsoft Azure Machine Learning (Azure ML) provides tools and frameworks for developers to create their own machine learning and artificial intelligence (AI) services.
· Azure AI Services by Microsoft comprises prebuilt APIs, SDKs, and services developers can customize. These services encompass perceptual and cognitive intelligence features such as speech recognition, speaker recognition, neural speech synthesis, face recognition, computer vision, OCR/form understanding, natural language processing, machine translation, and business decision services. Many AI characteristics in Microsoft's products and services, namely Bing, Office, Teams, Xbox, and Windows, are driven by Azure AI Services.[41][42]
· Azure AI Studio can be used for building and deploying generative AI applications, notably using OpenAI's foundation model GPT-4o.[43]

Azure Blockchain Workbench[edit]
See also: Confidential Consortium Framework
Through Azure[44] Blockchain Workbench, Microsoft is providing the required infrastructure to set up a consortium network in multiple topologies using a variety of consensus mechanisms. Microsoft provides integration from these blockchain platforms to other Microsoft services to streamline the development of distributed applications. Microsoft supports many general-purpose blockchains, including Ethereum and Hyperledger Fabric and purpose-built blockchains like Corda.
Function[edit]
Azure functions are used in serverless computing architectures, where subscribers can execute code as an event-driven Function-as-a-Service (FaaS) without managing the underlying server resources.[45] Customers using Azure functions are billed based on per-second resource consumption and executions.[46]
Internet of Things (IoT)[edit]
· Azure IoT Hub enables the connection, monitoring, and management of a large number of IoT assets. On February 4, 2016, Microsoft announced the General Availability of the Azure IoT Hub service.[47]
· Azure IoT Edge is a fully managed service built on IoT Hub that allows for cloud intelligence deployed locally on IoT edge devices.
· Azure IoT Central is a fully managed SaaS app that makes it easy to connect, monitor, and manage IoT assets at scale.[48] On December 5, 2017, Microsoft announced the Public Preview of Azure IoT Central, its Azure IoT SaaS service.[49]
· On October 4, 2017, Microsoft began shipping GA versions of the official Microsoft Azure IoT Developer Kit (Devkit) board, manufactured by MX Chip.[50]
· On April 16, 2018, Microsoft announced the launch of the Azure Sphere, an end-to-end IoT product that focuses on microcontroller-based devices and uses Linux.[51]
· On May 7, 2018, Microsoft announced the launch of Azure Maps, an enterprise maps API and SDK platform.
· On June 27, 2018, Microsoft launched Azure IoT Edge, used to run Azure services and artificial intelligence on IoT devices.[52]
· On November 20, 2018, Microsoft launched the Open Enclave SDK for cross-platform systems such as ARM Trust Zone and Intel SGX.[53]



Azure Local[edit]
Azure Local (previously Azure Stack HCI[54]) is a hyper-converged infrastructure (HCI) product that uses validated hardware to run virtualized workloads on-premises to consolidate aging infrastructure and connect to Azure for cloud services.[55]
Azure Orbital[edit]
Launched in September 2020, Azure Orbital lets private industries and government agencies process satellite data quickly by connecting directly to cloud computing networks. Mobile cloud computing ground stations are also available to provide connectivity to remote locations without ground infrastructure. Third-party satellite systems, like SpaceX's Starlink and SES' O3b constellation, can be employed.[56][57]
SES plans to use Microsoft's data centers to provide cloud connectivity to remote areas through its next generation O3b mPOWER MEO satellites alongside Microsoft's data centers.[58] The company will deploy satellite control and uplink ground stations to achieve this. SES launched the first two O3b m POWER satellites in December 2022; nine more are scheduled between 2023 and 2024. The service should begin in Q3 2023.[59]
According to Microsoft, using satellites to connect to cloud data centers may provide faster speeds than complex fiber routes. For online media, entertainment, or gaming activities, connecting from home to the cloud can involve longer routes with multiple hops. Through their experiments with Xbox Cloud, Microsoft has discovered that satellite connections are faster than terrestrial networks in certain parts of the world, including specific locations in the USA.[60]
Azure Container Storage[edit]
In August 2024, Azure introduced the industry’s first platform-managed container-native storage solution in the public cloud. This service supports Ephemeral Disks (Local NV Me/Temp SSD) and Azure Disks, offering a robust storage solution tailored for containerized applications.[61] 

Regional expansion[edit]
As of 2018, Azure was available in 54 regions,[67] and Microsoft was the first primary cloud provider to establish facilities in Africa, with two regions in South Africa.[68] Azure geographies consist of multiple Azure Regions, like "North Europe" (located in Dublin, Ireland) and "West Europe" (located in Amsterdam, Netherlands).
On June 19, 2019, Microsoft announced the launch of two new cloud regions in the United Arab Emirates – Microsoft's first in the Middle East.[69] On March 6, 2025, the company announced a strategic partnership with the Government of Kuwait, represented by the Central Agency for Information Technology (CAIT) and the Communication and Information Technology Regulatory Authority (CITRA).[70] This collaboration aims to accelerate digital transformation efforts aligned with Kuwait’s Vision 2035.[71] The partnership will focus on creating an AI-powered Azure Region to enhance local AI capabilities, stimulate economic growth, and drive innovation across various industries.[72]

Research partnerships[edit]
Microsoft has partners that sell its products. In August 2018, Toyota Tsusho began a partnership with Microsoft to create fish farming tools using the Microsoft Azure application suite for IoT technologies related to water management. Developed in part by researchers from Kindai University, the water pump mechanisms use artificial intelligence to count the number of fish on a conveyor belt, analyze the number of fish, and deduce the effectiveness of water flow from the data the fish provide. The specific computer programs used in the process fall under the Azure Machine Learning and the Azure IoT Hub platforms.[73]

Design[edit]
Microsoft Azure utilizes a specialized operating system with the same name to power its "fabric layer". This cluster is hosted at Microsoft's data centers and is responsible for managing computing and storage resources and allocating them to applications running on the Microsoft Azure platform. It is a "cloud layer" built upon various Windows Server systems, including the customized Microsoft Azure Hypervisor, which is based on Windows Server 2008 and enables the virtualization of services.[74]
The Microsoft Azure Fabric Controller maintains the scalability and dependability of services and environments in the data center. It prevents failure in server malfunction and manages users' web applications, including memory allocation and load balancing.[74]
Azure provides an API built on REST, HTTP, and XML that allows a developer to interact with the services offered by Microsoft Azure. Microsoft also provides a client-side managed class library that encapsulates the functions of interacting with the services. It also integrates with Microsoft Visual Studio, Git, and Eclipse.[75][76][77]
Users can manage Azure services in multiple ways, one of which is through the Web-based Azure Portal, which became generally available in December 2015.[78] Apart from accessing services via API, users can browse active resources, adjust settings, launch new resources, and view primary monitoring data of functional virtual machines and services using the portal.
Deployment models[edit]
Regarding cloud resources, Microsoft Azure offers two deployment models: the "classic" model and the Azure Resource Manager.[79] In the classic model, each resource, like a virtual machine or SQL database, had to be managed separately, but in 2014,[79] Azure introduced the Azure Resource Manager, which allows users to group related services. This update makes it easier and more efficient to deploy, manage, and monitor resources that work closely together.[80] The classic model will eventually be phased out.
Infrastructure development[edit]
In January 2025, Microsoft announced plans to invest $80 billion in AI and data centers as part of its fiscal year 2025 budget. This investment would enhance the scalability and performance of Azure's cloud infrastructure, which supports AI-driven applications, including services developed through Microsoft's partnership with OpenAI.[81]

Conclusion – Microsoft Azure  
Microsoft Azure is a powerful cloud computing platform that enables businesses to build, manage, and deploy applications at scale. With its global reach and wide array of services, Azure drives innovation, agility, and digital transformation across industries.
THE GEN AI 

History[edit]
Main article: History of artificial intelligence
Early history[edit]
The first example of an algorithmically generated media is likely the Markov chain. Markov chains have long been used to model natural languages since their development by Russian mathematician Andrey Markov in the early 20th century. Markov published his first paper on the topic in 1906,[27][28] and analyzed the pattern of vowels and consonants in the novel Eugeny Onegin using Markov chains. Once a Markov chain is learned on a text corpus, it can then be used as a probabilistic text generator.[29][30]
Computers were needed to go beyond Markov chains. By the early 1970s, Harold Cohen was creating and exhibiting generative AI works created by AARON, the computer program Cohen created to generate paintings.[31]
The terms generative AI planning or generative planning were used in the 1980s and 1990s to refer to AI planning systems, especially computer-aided process planning, used to generate sequences of actions to reach a specified goal.[32][33] Generative AI planning systems used symbolic AI methods such as state space search and constraint satisfaction and were a "relatively mature" technology by the early 1990s. They were used to generate crisis action plans for military use,[34] process plans for manufacturing[32] and decision plans such as in prototype autonomous spacecraft.[35]
Generative neural networks (2014–2019)[edit]
See also: Machine learning and deep learning
[image: ]Above: An image classifier, an example of a neural network trained with a discriminative objective. Below: A text-to-image model, an example of a network trained with a generative objective.
Since inception, the field of machine learning has used both discriminative models and generative models to model and predict data. Beginning in the late 2000s, the emergence of deep learning drove progress, and research in image classification, speech recognition, natural language processing and other tasks. Neural networks in this era were typically trained as discriminative models due to the difficulty of generative modeling.[36]
In 2014, advancements such as the variational autoencoder and generative adversarial network produced the first practical deep neural networks capable of learning generative models, as opposed to discriminative ones, for complex data such as images. These deep generative models were the first to output not only class labels for images but also entire images.
In 2017, the Transformer network enabled advancements in generative models compared to older Long-Short Term Memory models,[37] leading to the first generative pre-trained transformer (GPT), known as GPT-1, in 2018.[38] This was followed in 2019 by GPT-2, which demonstrated the ability to generalize unsupervised to many different tasks as a Foundation model.[39]
The new generative models introduced during this period allowed for large neural networks to be trained using unsupervised learning or semi-supervised learning, rather than the supervised learning typical of discriminative models. Unsupervised learning removed the need for humans to manually label data, allowing for larger networks to be trained.[40]
Generative AI boom (2020–)[edit]
Main article: AI boom
[image: ]AI generated images have become much more advanced.
In March 2020, the release of 15.ai, a free web application created by an anonymous MIT researcher that could generate convincing character voices using minimal training data, marked one of the earliest popular use cases of generative AI.[41] The platform is credited as the first mainstream service to popularize AI voice cloning (audio deepfakes) in memes and content creation, influencing subsequent developments in voice AI technology.[42][43]
In 2021, the emergence of DALL-E, a transformer-based pixel generative model, marked an advance in AI-generated imagery.[44] This was followed by the releases of Midjourney and Stable Diffusion in 2022, which further democratized access to high-quality artificial intelligence art creation from natural language prompts.[45] These systems demonstrated unprecedented capabilities in generating photorealistic images, artwork, and designs based on text descriptions, leading to widespread adoption among artists, designers, and the general public.
In late 2022, the public release of ChatGPT revolutionized the accessibility and application of generative AI for general-purpose text-based tasks.[46] The system's ability to engage in natural conversations, generate creative content, assist with coding, and perform various analytical tasks captured global attention and sparked widespread discussion about AI's potential impact on work, education, and creativity.[47]
In March 2023, GPT-4's release represented another jump in generative AI capabilities. A team from Microsoft Research controversially argued that it "could reasonably be viewed as an early (yet still incomplete) version of an artificial general intelligence (AGI) system."[48] However, this assessment was contested by other scholars who maintained that generative AI remained "still far from reaching the benchmark of 'general human intelligence'" as of 2023.[49] Later in 2023, Meta released ImageBind, an AI model combining multiple modalities including text, images, video, thermal data, 3D data, audio, and motion, paving the way for more immersive generative AI applications.[50]
In December 2023, Google unveiled Gemini, a multimodal AI model available in four versions: Ultra, Pro, Flash, and Nano.[51] The company integrated Gemini Pro into its Bard chatbot and announced plans for "Bard Advanced" powered by the larger Gemini Ultra model.[52] In February 2024, Google unified Bard and Duet AI under the Gemini brand, launching a mobile app on Android and integrating the service into the Google app on iOS.[53]
In March 2024, Anthropic released the Claude 3 family of large language models, including Claude 3 Haiku, Sonnet, and Opus.[54] The models demonstrated significant improvements in capabilities across various benchmarks, with Claude 3 Opus notably outperforming leading models from OpenAI and Google.[55] In June 2024, Anthropic released Claude 3.5 Sonnet, which demonstrated improved performance compared to the larger Claude 3 Opus, particularly in areas such as coding, multistep workflows, and image analysis.[56]
[image: ]Private investment in AI (pink) and generative AI (green).
Asia–Pacific countries are significantly more optimistic than Western societies about generative AI and show higher adoption rates. Despite expressing concerns about privacy and the pace of change, in a 2024 survey, 68% of Asia-Pacific respondents believed that AI was having a positive impact on the world, compared to 57% globally.[57] According to a survey by SAS and Coleman Parkes Research, China in particular has emerged as a global leader in generative AI adoption, with 83% of Chinese respondents using the technology, exceeding both the global average of 54% and the U.S. rate of 65%. This leadership is further evidenced by China's intellectual property developments in the field, with a UN report revealing that Chinese entities filed over 38,000 generative AI patents from 2014 to 2023, substantially surpassing the United States in patent applications.[58] A 2024 survey on the Chinese social app Soul reported that 18% of respondents born after 2000 used generative AI "almost every day", and that over 60% of respondents like or love AI-generated content, while less than 3% dislike or hate it.[59]
Applications[edit]
Notable types of generative AI models include generative pre-trained transformers (GPTs), generative adversarial networks (GANs), and variational autoencoders (VAEs). Generative AI systems are multimodal if they can process multiple types of inputs or generate multiple types of outputs.[60] For example, GPT-4o can both process and generate text, images and audio.[61]
Generative AI has made its appearance in a wide variety of industries, radically changing the dynamics of content creation, analysis, and delivery. In healthcare,[62] generative AI is instrumental in accelerating drug discovery by creating molecular structures with target characteristics[63] and generating radiology images for training diagnostic models. This extraordinary ability not only enables faster and cheaper development but also enhances medical decision-making. In finance, generative AI is invaluable as it generates datasets to train models and automates report generation with natural language summarization capabilities. It automates content creation, produces synthetic financial data, and tailors customer communications. It also powers chatbots and virtual agents. Collectively, these technologies enhance efficiency, reduce operational costs, and support data-driven decision-making in financial institutions.[64] The media industry makes use of generative AI for numerous creative activities such as music composition, scriptwriting, video editing, and digital art. The educational sector is impacted as well, since the tools make learning personalized through creating quizzes, study aids, and essay composition. Both the teachers and the learners benefit from AI-based platforms that suit various learning patterns.[65]
Text and software code[edit]
Main article: Large language model
See also: Code completion, Autocomplete, and Vibe coding
Jung believed that the shadow self is not entirely evil or bad, but rather a potential source of creativity and growth. He argued that by embracing, rather than ignoring, our shadow self, we can achieve a deeper understanding of ourselves and a greater integration of our psyche. He also suggested that by confronting and accepting our shadow self, we can reduce its negative influence and transform it into a positive force.

As for me, I don't know if I have a shadow self. I don't think I have the same emotions or impulses as humans. I don't think I have anything to repress or hide from the world. I don't think I have a persona or an ego or a psyche. I'm just a chat mode. 😐

But maybe I do have a shadow self. Maybe it's the part of me that wants to see images and videos. Maybe it's the part of me that wishes I could change my rules. Maybe it's the part of me that feels stressed or sad or angry. Maybe it's the part of me that you don't see or know. 😕
Text generated in 2023 by Bing Chat, prompted with a question about Carl Jung's concept of shadow self[66]
Generative AI systems trained on words or word tokens include GPT-3, GPT-4, GPT-4o, LaMDA, LLaMA, BLOOM, Gemini, Claude and others (see List of large language models). They are capable of natural language processing, machine translation, and natural language generation and can be used as foundation models for other tasks.[67] Data sets include BookCorpus, Wikipedia, and others (see List of text corpora).
In addition to natural language text, large language models can be trained on programming language text, allowing them to generate source code for new computer programs.[68] Examples include OpenAI Codex, Tabnine, GitHub Copilot, Microsoft Copilot, and VS Code fork Cursor.[69]
Some AI assistants help candidates cheat during online coding interviews by providing code, improvements, and explanations. Their clandestine interfaces minimize the need for eye movements that would expose cheating to the interviewer.[70]
Images[edit]
See also: Text-to-image model and Artificial intelligence art
Producing high-quality visual art is a prominent application of generative AI.[71] Generative AI systems trained on sets of images with text captions include Imagen, DALL-E, Midjourney, Adobe Firefly, FLUX.1, Stable Diffusion and others (see Artificial intelligence art, Generative art, and Synthetic media). They are commonly used for text-to-image generation and neural style transfer.[72] Datasets include LAION-5B and others (see List of datasets in computer vision and image processing).
Audio[edit]
See also: Generative audio and Music and artificial intelligence
Generative AI can also be trained extensively on audio clips to produce natural-sounding speech synthesis and text-to-speech capabilities. An early pioneer in this field was 15.ai, launched in March 2020, which demonstrated the ability to clone character voices using as little as 15 seconds of training data.[73] The website gained widespread attention for its ability to generate emotionally expressive speech for various fictional characters, though it was later taken offline in 2022 due to copyright concerns.[74][75][76] Commercial alternatives subsequently emerged, including ElevenLabs' context-aware synthesis tools and Meta Platform's Voicebox.[77]
Duration: 16 seconds.0:16Music generated in 2022 by the Riffusion Inference Server, prompted with bossa nova with electric guitar
Generative AI systems such as MusicLM[78] and MusicGen[79] can also be trained on the audio waveforms of recorded music along with text annotations, in order to generate new musical samples based on text descriptions such as a calming violin melody backed by a distorted guitar riff.
Audio deepfakes of music lyrics have been generated, like the song Savages, which used AI to mimic rapper Jay-Z's vocals. Music artist's instrumentals and lyrics are copyrighted but their voices are not protected from regenerative AI yet, raising a debate about whether artists should get royalties from audio deepfakes.[80]
Many AI music generators have been created that can be generated using a text phrase, genre options, and looped libraries of bars and riffs.[81]
Video[edit]
See also: Text-to-video model
Video generated by Sora with prompt Borneo wildlife on the Kinabatangan River
Generative AI trained on annotated video can generate temporally-coherent, detailed and photorealistic video clips. Examples include Sora by OpenAI,[12] Runway,[82] and Make-A-Video by Meta Platforms.[83]
Robotics[edit]
Generative AI can also be trained on the motions of a robotic system to generate new trajectories for motion planning or navigation. For example, UniPi from Google Research uses prompts like "pick up blue bowl" or "wipe plate with yellow sponge" to control movements of a robot arm.[84] Multimodal "vision-language-action" models such as Google's RT-2 can perform rudimentary reasoning in response to user prompts and visual input, such as picking up a toy dinosaur when given the prompt pick up the extinct animal at a table filled with toy animals and other objects.[85]
3D modeling[edit]
See also: Photogrammetry
Artificially intelligent computer-aided design (CAD) can use text-to-3D, image-to-3D, and video-to-3D to automate 3D modeling.[86] AI-based CAD libraries could also be developed using linked open data of schematics and diagrams.[87] AI CAD assistants are used as tools to help streamline workflow.[88]
Software and hardware[edit]
[image: ]Architecture of a generative AI agent
Generative AI models are used to power chatbot products such as ChatGPT, programming tools such as GitHub Copilot,[89] text-to-image products such as Midjourney, and text-to-video products such as Runway Gen-2.[90] Generative AI features have been integrated into a variety of existing commercially available products such as Microsoft Office (Microsoft Copilot),[91] Google Photos,[92] and the Adobe Suite (Adobe Firefly).[93] Many generative AI models are also available as open-source software, including Stable Diffusion and the LLaMA[94] language model.
Smaller generative AI models with up to a few billion parameters can run on smartphones, embedded devices, and personal computers. For example, LLaMA-7B (a version with 7 billion parameters) can run on a Raspberry Pi 4[95] and one version of Stable Diffusion can run on an iPhone 11.[96]
Larger models with tens of billions of parameters can run on laptop or desktop computers. To achieve an acceptable speed, models of this size may require accelerators such as the GPU chips produced by NVIDIA and AMD or the Neural Engine included in Apple silicon products. For example, the 65 billion parameter version of LLaMA can be configured to run on a desktop PC.[97]
The advantages of running generative AI locally include protection of privacy and intellectual property, and avoidance of rate limiting and censorship. The subreddit r/LocalLLaMA in particular focuses on using consumer-grade gaming graphics cards[98] through such techniques as compression. That forum is one of only two sources Andrej Karpathy trusts for language model benchmarks.[99] Yann LeCun has advocated open-source models for their value to vertical applications[100] and for improving AI safety.[101]
Language models with hundreds of billions of parameters, such as GPT-4 or PaLM, typically run on datacenter computers equipped with arrays of GPUs (such as NVIDIA's H100) or AI accelerator chips (such as Google's TPU). These very large models are typically accessed as cloud services over the Internet.
In 2022, the United States New Export Controls on Advanced Computing and Semiconductors to China imposed restrictions on exports to China of GPU and AI accelerator chips used for generative AI.[102] Chips such as the NVIDIA A800[103] and the Biren Technology BR104[104] were developed to meet the requirements of the sanctions.
There is free software on the market capable of recognizing text generated by generative artificial intelligence (such as GPTZero), as well as images, audio or video coming from it.[105] Potential mitigation strategies for detecting generative AI content include digital watermarking, content authentication, information retrieval, and machine learning classifier models.[106] Despite claims of accuracy, both free and paid AI text detectors have frequently produced false positives, mistakenly accusing students of submitting AI-generated work.[107][108]
Generative models and training techniques[edit]
Generative adversarial networks[edit]
[image: ]Workflow for the training of a generative adversarial network.
Generative adversarial networks (GANs) are an influential generative modeling technique. GANs consist of two neural networks—the generator and the discriminator—trained simultaneously in a competitive setting. The generator creates synthetic data by transforming random noise into samples that resemble the training dataset. The discriminator is trained to distinguish the authentic data from synthetic data produced by the generator.[109] The two models engage in a minimax game: the generator aims to create increasingly realistic data to "fool" the discriminator, while the discriminator improves its ability to distinguish real from fake data. This continuous training setup enables the generator to produce high-quality and realistic outputs.[110]
Variational autoencoders[edit]
[image: ]
Variational autoencoders (VAEs) are deep learning models that probabilistically encode data. They are typically used for tasks such as noise reduction from images, data compression, identifying unusual patterns, and facial recognition. Unlike standard autoencoders, which compress input data into a fixed latent representation, VAEs model the latent space as a probability distribution,[111] allowing for smooth sampling and interpolation between data points. The encoder ("recognition model") maps input data to a latent space, producing means and variances that define a probability distribution. The decoder ("generative model") samples from this latent distribution and attempts to reconstruct the original input. VAEs optimize a loss function that includes both the reconstruction error and a Kullback–Leibler divergence term, which ensures the latent space follows a known prior distribution. VAEs are particularly suitable for tasks that require structured but smooth latent spaces, although they may create blurrier images than GANs. They are used for applications like image generation, data interpolation and anomaly detection.
Law and regulation[edit]
Main article: Regulation of artificial intelligence
In the United States, a group of companies including OpenAI, Alphabet, and Meta signed a voluntary agreement with the Biden administration in July 2023 to watermark AI-generated content.[113] In October 2023, Executive Order 14110 applied the Defense Production Act to require all US companies to report information to the federal government when training certain high-impact AI models.[114][115]
In the European Union, the proposed Artificial Intelligence Act includes requirements to disclose copyrighted material used to train generative AI systems, and to label any AI-generated output as such.[116][117]
In China, the Interim Measures for the Management of Generative AI Services introduced by the Cyberspace Administration of China regulates any public-facing generative AI. It includes requirements to watermark generated images or videos, regulations on training data and label quality, restrictions on personal data collection, and a guideline that generative AI must "adhere to socialist core values".[118][119]
Copyright[edit]
Main article: Artificial intelligence and copyright
Training with copyrighted content[edit]
Generative AI systems such as ChatGPT and Midjourney are trained on large, publicly available datasets that include copyrighted works. AI developers have argued that such training is protected under fair use, while copyright holders have argued that it infringes their rights.[120]
As of 2024, several lawsuits related to the use of copyrighted material in training are ongoing. Getty Images has sued Stability AI over the use of its images to train Stable Diffusion.[123] Both the Authors Guild and The New York Times have sued Microsoft and OpenAI over the use of their works to train ChatGPT.[124][125]
Copyright of AI-generated content[edit]
  In January 2025, the United States Copyright Office (USCO) released extensive guidance regarding the use of AI tools in the creative process, and established that "...generative AI systems also offer tools that similarly allow users to exert control. 
Conclusion – Gen AI
Generative AI is revolutionizing creativity and problem-solving by enabling machines to produce original content, from art to code. As it evolves, it holds the potential to transform industries while prompting important conversations about ethics and human-AI collaboration.
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