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PREFACE




WHAT IS THE PRIMARY VALUE PROPOSITION FOR THIS BOOK?


This book provides an introduction to Generative AI and how to use Meta AI to generate graphics code using various combinations of HTML, CSS3, and SVG.

The first chapter explores Generative AI, discussing its key features, the differences between Conversational AI and Generative AI, and its various applications. It also examines the roles of prominent AI players like DeepMind, OpenAI, Cohere, Hugging Face, AI21, and others in advancing this field. One portion of this chapter is dedicated to Meta AI.

The second chapter shifts focus to Prompt Engineering, providing a comprehensive overview, including the types and importance of prompts, and offers guidelines for effective prompt design. This part of the book is crucial for understanding how to interact effectively with AI models such as Meta AI.

The third chapter introduces CSS3, along with manually created HTML Web pages which contain CSS3 code for linear gradients, radial gradients, and other CSS3-based effects. Chapter 4 includes Meta AI-generated HTML Web pages with CSS3 which show you how to create 3D animation effects.

Chapter 5 features an assortment of Meta AI-generated Web pages using CSS3.

Chapter 6 introduces SVG, along with manually created HTML Web pages, which include  SVG code for linear gradients, radial gradients, and other CSS3-based effects.

Chapter 7 shows examples of Meta AI-generated HTML Web pages using SVG code.




THE TARGET AUDIENCE


This book is an ideal resource for both beginners and experienced developers, offering in-depth knowledge about AI, web development, and programming. Moreover, this book is structured to provide both theoretical knowledge and practical insights, making it a valuable resource for those looking to deepen their understanding of these rapidly evolving fields. As such, this book is useful as a go-to resource for modern developers looking to stay ahead in an AI-focused world.




GETTING THE MOST FROM THIS BOOK


Some Web developers learn well from prose, others learn well from sample code (and a lot of it), which means that there’s no single style that can be used for everyone.

Moreover, some Web developers want to run the code first, see what it does, and then return to the code to explore the details (and others use the opposite approach).

Consequently, there are various types of code samples in this book in order to illustrate some aspects of CSS3 and SVG, as well as how to supply prompts to Meta AI in order to generate HTML Web pages containing CSS3 code and SVG code.




HOW WAS THE CODE FOR THIS BOOK TESTED?


The code samples in this book have been tested in a recent version of Firefox version on a MacBook Pro Sonoma 14.2.1 (earlier versions of OS X support the code samples in this book).




WHAT DO I NEED TO KNOW FOR THIS BOOK?


The most useful prerequisite is familiarity with HTML, CSS3, and SVG, which will enable you to understand the code samples more quickly. The less technical knowledge that you have, the more diligence will be required in order to understand the various topics that are covered.

If you want to be sure that you can grasp the material in this book, glance through some of the code samples to get an idea of how much is familiar to you and how much is new for you.




DOES THIS BOOK CONTAIN PRODUCTION-LEVEL CODE SAMPLES?


Clarity has higher priority than writing more compact code that is more difficult to understand (and possibly more prone to bugs). If you decide to use any of the code in this book in a production website, you ought to subject that code to the same rigorous analysis as the other parts of your HTML Web pages.




COMPANION FILES


Companion files with code samples and figures are available with proof of purchase by writing to the publisher at info@merclearning.com.

O. Campesato

October 2024







CHAPTER 1

THE GENERATIVE AI LANDSCAPE


This chapter provides a fast-paced introduction to generative AI, including some influential companies in the AI space, as well as competitors of Meta AI.

The first part of this chapter introduces generative AI, including key features and techniques. The difference between conversational AI and generative AI will be discussed.

The second part of this chapter starts with a brief introduction to several companies that make significant contributions in AI and natural language processing (NLP). Indeed, it is necessary to be very familiar with these companies to pursue a career in NLP.

The third part of this chapter introduces the concept of LLMs (large language models), as well as SLMs (small language models).



WHAT IS GENERATIVE AI?


Generative AI refers to a subset of artificial intelligence models and techniques that are designed to generate new data samples that are similar in nature to a given set of input data. The goal is to produce content or data that wasn’t part of the original training set but is coherent, contextually relevant, and in the same style or structure.

Generative AI stands apart in its ability to create and innovate, as opposed to merely analyzing or classifying. The advancements in this field have led to breakthroughs in creative domains and practical applications, making it a cutting-edge area of AI research and development.



Key Features of Generative AI


The following bullet list contains key features of generative AI, followed by a brief description for each bullet item:


	data generation

	synthesis

	learning distributions



Data generation refers to the ability to create new data points that are not part of the training data but resemble it. This can include text, images, music, videos, or any other form of data.

Synthesis means that generative models can blend various inputs to generate outputs that incorporate features from each input, like merging the styles of two images.

Learning distributions means that generative AI models aim to learn the probability distribution of the training data so they can produce new samples from that distribution.




Popular Techniques in Generative AI


Generative adversarial networks (GANs): GANs consist of two networks, a generator and a discriminator, that are trained simultaneously. The generator tries to produce fake data, while the discriminator tries to distinguish between real data and fake data. Over time, the generator gets better at producing realistic data.

Variational autoencoders (VAEs): VAEs are probabilistic models that learn to encode and decode data in a manner in which the encoded representations can be used to generate new data samples.

Recurrent neural networks (RNNs): Used primarily for sequence generation, such as text or music.




What Makes Generative AI Different


Creation versus classification: While most traditional AI models aim to classify input data into predefined categories, generative models aim to create new data.

Unsupervised learning: Many generative models, especially GANs and VAEs, operate in an unsupervised manner, meaning they don’t require labeled data for training.

Diverse outputs: Generative models can produce a wide variety of outputs based on learned distributions, making them ideal for tasks like art generation, style transfer, and more.

Challenges: Generative AI poses unique challenges, such as mode collapse in GANs or ensuring the coherence of generated content.

Furthermore, there are numerous areas that involve generative AI applications, some of which are listed in the following bullet list:


	art and music creation

	data augmentation

	style transfer

	text generation

	image synthesis



Art and music creation includes generating paintings, music, or other forms of art.

Data augmentation involves creating additional data for training models, especially when the original dataset is limited.

Style transfer refers to applying the style of one image to the content of another.

Text generation is a very popular application of generative AI, which involves creating coherent and contextually relevant text.

Image synthesis is another popular area of generative AI, which involves generating realistic images, faces, or even creating scenes for video games.

Drug discovery is a very important facet of generative AI that pertains to generating molecular structures for new potential drugs.




The Successes of Generative AI


The following prompt was given to GPT-4 to describe some of the successes of generative AI:

What are the fields in which generative AI has had its greatest successes?
ChatGPT:


Generative AI has made significant strides in various fields, revolutionizing the way we create and interact with digital content. Here are some of the fields where generative AI has had its greatest successes:


	Computer vision and image generation:

	Generative adversarial networks (GANs) and variational autoencoders (VAEs) have enabled the creation of highly realistic and diverse synthetic images.

	Models like StyleGAN, BigGAN, and DALL-E have achieved impressive results in generating high-quality images, including faces, objects, and scenes.

	Image-to-image translation techniques, such as Pix2Pix and CycleGAN, have been used for tasks like style transfer, super-resolution, and image inpainting.




	Natural language processing (NLP) and text generation:

	Language models like GPT (generative pre-trained transformer) and its variants have revolutionized text generation, enabling the creation of coherent and contextually relevant text.

	Generative AI has been applied to tasks such as machine translation, text summarization, dialogue generation, and creative writing assistance.

	Models like GPT-3 and T5 have demonstrated remarkable capabilities in generating humanlike text across various domains and styles.




	Speech synthesis and voice cloning:

	Generative AI techniques have significantly advanced the field of speech synthesis, enabling the creation of highly natural-sounding and expressive synthetic speech.

	Models like WaveNet, Tacotron, and Deep Voice have achieved near-human quality in text-to-speech generation.

	Voice cloning techniques have allowed for the creation of personalized voice avatars and the ability to generate speech in the style of specific individuals.




	Music and audio generation:

	Generative AI has been applied to music composition, enabling the creation of original melodies, harmonies, and rhythms.

	Models like WaveNet and SampleRNN have been used for audio synthesis, generating realistic sound effects and musical instruments.

	Generative AI has also been employed in audio style transfer, allowing for the transformation of audio characteristics and the creation of new sonic experiences.




	Drug discovery and molecular design:

	Generative AI has shown promising results in the field of drug discovery and molecular design, accelerating the identification of novel compounds with desired properties.

	Models like generative molecular design (GMD) and variational autoencoders for molecular design (VAE-MD) have been used to generate new molecular structures and optimize existing ones.

	Generative AI has the potential to streamline the drug discovery process, reducing the time and cost associated with traditional methods.




	Creative industries and design:

	Generative AI has been applied to various creative fields, such as art, fashion, and industrial design.

	Models like AICAN (artificial intelligence creative adversarial network) have been used to generate original artwork, often indistinguishable from human-created pieces.

	Generative AI has also been employed in fashion design, enabling the creation of new garment designs and patterns.

	In industrial design, generative AI has been used for tasks like product design optimization and the exploration of novel design spaces.






These are just a few examples of the fields where generative AI has made significant progress. As research and development continue, generative AI is expected to expand its impact and find applications in even more diverse domains. However, it's important to note that while generative AI has achieved impressive results, there are still challenges to be addressed, such as ensuring the generated content is safe, ethical, and aligned with human values.





CONVERSATIONAL AI VERSUS GENERATIVE AI


Both conversational AI and generative AI are prominent subfields within the broader domain of artificial intelligence. However, these subfields have a different focus regarding their primary objective, the technologies that they use, and applications.

See also: https://medium.com/@social_65128/differences-between-conversational-ai-and-generative-ai-e3adca2a8e9a

The primary differences between the two subfields are in the following sequence of bullet points:


	primary objective

	applications

	technologies used

	training and interaction

	evaluation

	data requirements





Primary Objective


The main goal of conversational AI is to facilitate humanlike interactions between machines and humans. This includes chatbots, virtual assistants, and other systems that engage in dialogue with users.

The primary objective of generative AI is to create new content or data that wasn’t in the training set but is similar in structure and style. This can range from generating images, music, and text to more complex tasks like video synthesis.




Applications


Common applications for conversational AI include customer support chatbots, voice-operated virtual assistants (like Siri or Alexa), and interactive voice response (IVR) systems.

Generative AI has a broad spectrum of applications such as creating art or music, generating realistic video game environments, synthesizing voices, and producing realistic images or even deepfakes.




Technologies Used


Conversational AI often relies on NLP techniques to understand and generate human language. This includes intent recognition, entity extraction, and dialogue management.

Generative AI commonly utilizes GANs, VAEs, and other generative models to produce new content.




Training and Interaction


While training can be supervised, semisupervised, or unsupervised, the primary interaction mode for conversational AI is through back-and-forth dialogue or conversation.

The training process for generative AI, especially with models like GANs, involves iterative processes where the model learns to generate data by trying to fool a discriminator into believing the generated data is real.




Evaluation


Conversational AI evaluation metrics often revolve around understanding and response accuracy, user satisfaction, and the fluency of generated responses.

Generative AI evaluation metrics for models like GANs can be challenging and might involve using a combination of quantitative metrics and human judgment to assess the quality of generated content.




Data Requirements


Data requirements for conversational AI typically involve dialogue data, with conversations between humans or between humans and bots.

Data requirements for generative AI involve large datasets of the kind of content it is supposed to generate, be it images, text, music, and so on.

Although both conversational AI and generative AI deal with generating outputs, their primary objectives, applications, and methodologies can differ significantly. Conversational AI is geared toward interactive communication with users, while generative AI focuses on producing new, original content.





IS DALL-E PART OF GENERATIVE AI?


DALL-E and similar tools that generate graphics from text are indeed examples of generative AI. In fact, DALL-E is one of the most prominent examples of generative AI in the realm of image synthesis.

Here’s a bullet list of generative characteristics of DALL-E, followed by brief descriptions of each bullet item:


	image generation

	learning distributions

	innovative combinations

	broad application support

	transformer architecture



Image generation is a key feature of DALL-E, which was designed to generate images based on textual descriptions. Given a prompt like “a two-headed flamingo,” DALL-E can produce a novel image that matches the description, even if it’s never seen such an image in its training data.

Learning distributions: Like other generative models, DALL-E learns the probability distribution of its training data. When it generates an image, it samples from this learned distribution to produce visuals that are plausible based on its training.

Innovative combinations: DALL-E can generate images that represent entirely novel or abstract concepts, showcasing its ability to combine and recombine learned elements in innovative ways.

In addition to image synthesis, DALL-E has provided broad application support in areas like art generation, style blending, and creating images with specific attributes or themes, highlighting its versatility as a generative tool.

DALL-E leverages a variant of the transformer architecture, similar to models like GPT-3, but adapted for image generation tasks.

Other tools that generate graphics, art, or any form of visual content based on input data (whether it’s text, another image, or any other form of data) and can produce outputs not explicitly present in their training data are also considered generative AI. They showcase the capability of AI models to not just analyze and classify but to create and innovate.




ARE CHATGPT-3 AND GPT-4 PART OF GENERATIVE AI?


Both ChatGPT-3 and GPT-4 are LLMs that are considered examples of generative AI. They belong to a class of models called “transformers,” which are particularly adept at handling sequences of data, such as text-related tasks.

The following bullet list provides various reasons why these LLMs are considered generative, followed by a brief description of each bullet item:


	text generation

	learning distributions

	broad applications

	unsupervised learning



Text generation: These models can produce coherent, contextually relevant, and often highly sophisticated sequences of text based on given prompts. They generate responses that weren’t explicitly present in their training data but are constructed based on the patterns and structures they learned during training.

Learning distributions: GPT-3, GPT-4, and similar models learn the probability distribution of their training data. When generating text, they’re essentially sampling from this learned distribution to produce sequences that are likely based on their training.

Broad applications: Beyond just text-based chat or conversation, these models can be used for a variety of generative tasks like story writing, code generation, poetry, and even creating content in specific styles or mimicking certain authors, showcasing their generative capabilities.

Unsupervised learning: While they can be fine-tuned with specific datasets, models like GPT-3 are primarily trained in an unsupervised manner on vast amounts of text, learning to generate content without requiring explicit labeled data for every possible response.

In essence, ChatGPT-3, GPT-4, and similar models by OpenAI are quintessential examples of generative AI in the realm of natural language processing and generation.




ARTIFICIAL GENERAL INTELLIGENCE VERSUS GENERATIVE AI


The following prompt was given to GPT-4 to describe artificial general intelligence (AGI) and compare it with generative AI:

Please describe AGI and explain the difference between AGI and generative AI.
ChatGPT:


Artificial general intelligence (AGI) is a type of artificial intelligence that can understand, learn, and apply knowledge across a wide range of tasks, much like a human being. AGI is designed to perform any intellectual task that a human can do, equipped with the ability to reason, solve problems, make judgments, plan, learn, and integrate prior knowledge into new situations. This level of AI has not yet been achieved and remains largely theoretical.

Generative AI, on the other hand, refers to a subset of AI technologies that can generate new content, whether it be text, images, music, or even code, based on training data it has been fed. This type of AI operates within a specific domain of knowledge or task. Examples include language models like GPT (generative pre-trained transformer), image generation models like DALL-E, and music generation systems.

Differences between AGI and Generative AI:


	Capability Scope:

	AGI aims to achieve broad and flexible cognitive abilities comparable to human intelligence. This means an AGI system could theoretically perform any task a human can, including those it hasn’t been specifically trained for.

	Generative AI is specialized and usually limited to tasks similar to those it has seen during training. It performs well within the confines of its training data and predefined tasks but lacks the ability to generalize beyond them without further training.




	Adaptability:

	AGI would possess the ability to adapt to new tasks and environments without needing extensive retraining. It should be able to transfer knowledge from one domain to another seamlessly.

	Generative AI typically requires retraining or fine-tuning when applied to new tasks or when significant variations from its training data are introduced.




	Learning Efficiency:

	AGI would ideally learn from few examples or even from single instances, much like how humans can often learn from minimal information.

	Generative AI often requires large amounts of data to learn effectively and may struggle with tasks for which large, labeled datasets are not available.




	Generalization:

	AGI is expected to generalize across a wide range of domains and tasks, using its intelligence to derive insights across different fields of knowledge.

	Generative AI generally excels in generating outputs based on patterns it has learned but does not inherently possess the ability to understand or apply these patterns in fundamentally new or abstract ways.






The concept of AGI remains a profound challenge in the field of artificial intelligence, representing a future stage of AI development where machines could potentially match or surpass human intelligence across all areas. Meanwhile, generative AI continues to evolve and is currently widely used in various applications, showcasing impressive capabilities within its more limited scope.




GENERATIVE AI VERSUS MACHINE LEARNING (ML), DEEP LEARNING (DL), NLP, AND REINFORCEMENT LEARNING (RL)


The following prompt was given to ChatGPT to describe the relationship between generative AI and ML, DL, NLP, and RL:

What is the relationship between generative AI versus ML, DL, NLP, and RL?
ChatGPT:


Generative AI, machine learning (ML), deep learning (DL), natural language processing (NLP), and reinforcement learning (RL) are interconnected fields within artificial intelligence, each with its own focus and methodologies. Understanding the relationship between these disciplines helps in grasping how advancements in one area can influence or support developments in others.

Machine Learning (ML)

Definition: Machine learning is a broad field of artificial intelligence focused on designing and developing algorithms that allow computers to learn from and make decisions based on data. ML encompasses a variety of techniques including supervised learning, unsupervised learning, and reinforcement learning.

Relationship with generative AI: Generative AI is a subset of machine learning focused specifically on generating new data instances that resemble the training data. Techniques such as generative adversarial networks (GANs) and variational autoencoders (VAEs) are ML methods used in generative AI.

Deep Learning (DL)

Definition: Deep learning is a subset of machine learning that uses neural networks with multiple layers (hence “deep”) to analyze various factors of data. DL has significantly advanced fields such as image recognition, speech recognition, and natural language processing.

Relationship with generative AI: Many generative AI models are built using deep learning techniques. For example, GANs and transformer-based models like GPT (generative pre-trained transformer) rely on deep neural networks to generate text, images, and other forms of media.

Natural Language Processing (NLP)

Definition: NLP is a branch of artificial intelligence that deals with the interaction between computers and humans through natural language. The goal is to enable computers to understand, interpret, and produce human language in a valuable way.

Relationship with generative AI: Generative AI techniques are extensively used in NLP to generate humanlike text, translate languages, create summaries, and more. Models like GPT-3 are prime examples of generative AI applied to NLP, where the model generates coherent and contextually relevant text based on prompts it receives.

Reinforcement Learning (RL)

Definition: Reinforcement learning is an area of machine learning where an agent learns to make decisions by performing actions in an environment to maximize some notion of cumulative reward. RL is distinct from supervised learning because correct input/output pairs are never presented, nor suboptimal actions explicitly corrected.

Relationship with generative AI: In generative AI, reinforcement learning can be used to refine generative models, especially in environments where feedback on performance is available only through interaction with the environment. For instance, RLHF (reinforcement learning from human feedback) is used to fine-tune language models based on preferences or feedback from human evaluators, enhancing the quality and relevance of the generated content.

Summary

Generative AI uses machine learning (particularly deep learning) algorithms to create content. It often leverages structures studied in NLP to understand and generate human language, and it can utilize reinforcement learning techniques to optimize its generative abilities based on feedback. Thus, while each of these fields has its distinct focus and methodologies, they are deeply interlinked and often complementary in developing more effective and intelligent AI systems.



Which Fields Benefit the Most from Generative AI?


The following prompt was given to ChapGPT to determine which fields among ML, DL, NLP, and RL will benefit the most from generative AI:

Which fields among ML, DL, NLP, and RL will benefit the most from generative AI?
ChatGPT:


Generative AI, a branch of artificial intelligence focused on generating new data that resembles the training data, holds significant potential to impact various fields within AI. Here’s how it particularly stands out in contributing to machine learning (ML), deep learning (DL), natural language processing (NLP), and reinforcement learning (RL):

Machine learning (ML)


	potential impact: medium to high

	how generative AI contributes:

	Data augmentation: Generative AI can create synthetic data that helps in training ML models where real data is scarce, sensitive, or expensive to collect. This is especially useful in fields like healthcare or finance, where data privacy concerns or rarity of cases can limit data availability.

	Feature learning: Generative models can help in unsupervised learning scenarios to discover and learn useful features from data, which can then be used for various ML tasks.






Deep Learning (DL)


	potential impact: high

	how generative AI contributes:

	Model improvement: Generative models like GANs and autoencoders are fundamentally deep learning models. They push the boundaries in image generation, style transfer, and more, driving significant advancements in DL techniques.

	Anomaly detection: Generative models are increasingly used for anomaly detection in video surveillance, fraud detection, and other areas, benefiting from DL’s capabilities in handling vast amounts of data.






Natural Language Processing (NLP)


	potential impact: very high

	how generative AI contributes:

	Content creation: Generative AI is pivotal in text generation, enabling applications like chatbots, writing assistants, and automated journalism. Models like GPT (generative pre-trained transformer) are groundbreaking tools in NLP, enhancing how machines generate and understand language.

	Language translation: Generative models improve machine translation by generating more fluent and accurate translations and handling multiple languages effectively.






Reinforcement Learning (RL)


	potential impact: medium

	how generative AI contributes:

	Simulated environments: Generative AI can be used to create rich, diverse, and complex simulation environments that help train RL agents more effectively, particularly in scenarios where real-world interaction is risky, costly, or impractical.

	Policy learning: In some approaches, generative models can be used to predict and simulate the outcomes of different actions, helping to refine the policy network in RL by providing a richer set of experiences for the agent to learn from.






Overall Assessment


	Most benefited field—NLP: The integration of Generative AI into NLP has been transformative, significantly advancing how machines generate humanlike text and respond in interactive applications. The impact here is profound, as it not only enhances existing technologies but also enables new kinds of applications and services that were previously not feasible.

	Deep learning: Generative AI techniques are integral to the evolution of deep learning, continually pushing forward the capabilities of neural networks in processing and generating complex data forms like images, video, and sound.

	Machine learning and reinforcement learning: While the impact is slightly more indirect, generative AI supports these fields through enhanced data availability and improved training scenarios, respectively.
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