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   preface
 

  
 

   

   Machine learning, AI, large language models (LLMs), and generative AI are technologies that have fundamentally reshaped our digital landscape, opening up new avenues for innovation. Their primary appeal lies in their ability to facilitate multimodal interactions—combining text, images, and videos—between humans and machines in a remarkably natural way. It’s as simple and intuitive as asking a friend or colleague for help. These applications are no longer confined to science fiction; they’re gaining new practical uses every day as technological advancements make them increasingly accurate and lifelike.
 

  
 

   

   As a seasoned software engineer deeply involved in building AI-powered products and supporting headless WordPress solutions on Next.js and React, I’ve had a front-row seat to this transformation. The imminent access to a plethora of open source tools and initiatives, coupled with the sheer accessibility of LLMs and related AI services, sparked an idea: to bridge the gap for web developers eager to harness this technology without needing a deep dive into machine learning theory or Python.
 

  
 

   

   This book was born from a clear vision: AI and its applications are powerful new tools that every developer must be able to use to deliver exceptional value to their users and customers. It’s designed primarily as a practical guide, but I’ve also placed a strong emphasis on explaining the core concepts behind building full-stack generative web applications.
 

  
 

   

   I’ve specifically chosen JavaScript, Next.js, Vercel, and LangChain.js because they form a powerful, accessible, and incredibly relevant stack for creating generative AI experiences today. My hope is that this book will become your essential companion, making your journey into building AI-driven web applications both enjoyable and profoundly educational.
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   about this book
 

  
 

   

   The primary goal of this book is to empower web developers to build dynamic and intelligent websites and applications that use the full potential of large language models and other generative AI capabilities. I aim to equip you with the practical tools and techniques necessary to integrate sophisticated AI features—such as retrieval-­augmented generation (RAG), document summarization, and interactive chatbots—directly into your web-based projects, all within the familiar JavaScript ecosystem. You’ll also get a tutorial on interacting with the Model Context Protocol to seamlessly extend capabilities beyond what we build ourselves.
 

  
 

   

   Who should read this book
 

  
 

   

   This book is tailored for frontend developers and full-stack web developers who are comfortable with React and Next.js. If you have a basic proficiency in these technologies and are looking to incorporate cutting-edge AI functionalities into your web applications, this book is for you. No prior experience with Python or machine learning is required; we focus entirely on JavaScript and other tools common to web developers. A basic awareness of generative AI concepts and prior experience using tools like ChatGPT or similar interfaces will be beneficial, but the foundational chapters will get you up to speed.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   This book is divided into 4 parts spanning 12 chapters, designed to progressively build your expertise in full-stack generative AI application development.
 

  
 

   

   	
Part 1: Building basic generative AI web apps (chapters 1–4) lays the essential groundwork. I begin by defining what generative AI web applications are, their key components, and recent developments. I then guide you through getting started with React and Next.js for AI applications, followed by a deep dive into the Vercel AI SDK for handling streaming responses, working with multiple AI providers, and managing state with React server components.

 

   	
Part 2: Advanced generative AI techniques and deployment (chapters 5–9) moves into more sophisticated methods and crucial deployment considerations. You’ll master prompt engineering techniques; learn to use LangChain.js for complex AI workflows and agents; and understand the intricacies of testing, debugging, and securing your generative AI applications for production.

 

   	
Part 3: Hands-on projects (chapters 10–11) puts everything into perspective through comprehensive project explorations. I provide full codebases for an AI interview assistant and an AI RAG agent and then dissect their features, architectural decisions, and critical development considerations.

 

   	Part 4: Advanced integrations and the future of AI (chapter 12) moves beyond current best practices to look at what’s next. This part is dedicated to the Model Context Protocol, an emerging standard designed to create more seamless, secure, and interoperable connections between your applications and various AI models.
 

  
 

   

   While the book is structured for a linear read to build knowledge sequentially, experienced developers might choose to focus on specific chapters within parts 2 and 3 that align with their immediate interests after completing part 1. The projects in part 3 serve as excellent consolidation exercises and practical references. 
 

  
 

   

   About the code 
 

  
 

   

   This book contains many examples of source code both in numbered listings and in line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.
 

  
 

   

   In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In some cases, even this was not enough, and listings include line-continuation markers (➥). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.
 

  
 

   

   You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/build-ai-enhanced-web-apps. The complete code for the examples in the book is available for download from the Manning website at https://www.manning.com/books/build-ai-enhanced-web-apps, and from GitHub at https://github.com/Generative-AI-Web-Apps/Code. 
 

  
 

   

   Full details for running the examples are in the appendix. To run the code examples and projects in this book, you will need
 

  
 

   

   	
Node.js—Version 18 or higher.
 

   	
npm or Yarn—For managing project dependencies.
 

   	
Text editor—Such as VS code.
 

   	
Web browser—Latest versions of Chrome, Firefox, Safari, or Edge.
 

   	
API keys—For various AI providers (e.g., OpenAI, Google Gemini), as demonstrated in the examples. Some examples may require paid API access for full functionality.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Build AI-Enhanced Web Apps includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/build-ai-enhanced-web-apps/discussion. 
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.
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Part 1 Building basic 
generative AI web apps

 

  
 

   

   Generative AI is changing how we build software, and its integration into web applications is opening up incredible new possibilities. You see it everywhere, from chatbots like ChatGPT to the Gemini web interface. These applications use natural language to interact with powerful models, providing accurate, contextual responses. But what’s happening under the hood? This book is your guide to building these cutting-edge experiences, and in this first part, we’ll cover the essential groundwork.
 

  
 

   

   We’ll start with the basics: what generative AI web apps are, how they function, and the unique advantages they offer. From there, we’ll get practical, walking you through the initial setup and configuration to build these applications using React and Next.js. You’ll also be introduced to the Vercel AI SDK, a crucial tool that simplifies integrating AI models into your projects. Finally, we’ll share strategies for effectively scaling and managing state. By the end of these chapters, you’ll have a strong grasp of the fundamentals and be ready to begin your journey into full-stack generative AI development.
 

  


 

   

   
1 Using generative AI in web apps

 

  
 

   

   
This chapter covers

 

    

    	What generative AI web applications are and what they can do
 

    	How generative AI compares to traditional AI
 

    	How generative AI apps work
 

    	Handling the concerns and implications of AI
 

   
 

  
 

   

   Generative AI web apps are web applications that integrate advanced AI models—most commonly large language models (LLMs)—to create original text, images, audio, or video. By generating content dynamically rather than relying solely on predefined logic or static data, these apps deliver personalized, adaptive, and highly interactive user experiences. This shift fundamentally changes how we build and engage with digital products, enabling conversational interfaces, intelligent automation, and entirely new categories of applications.
 

  
 

   

   This book teaches you how to harness these capabilities and build scalable, production-­ready generative AI web apps. You’ll learn how to integrate AI features using popular models and providers such as OpenAI and Google AI while developing your applications with React, Next.js, and the Vercel AI SDK. Toward the end, you’ll see how to work with the Model Context Protocol to access external tools and data sources in a secure and standardized way. 
 

  
 

   

   I assume that readers have a basic understanding of JavaScript and familiarity with building simple React applications; everything else will be introduced as needed. Our focus is on the concepts and techniques essential for designing, developing, and deploying AI-powered web experiences.
 

  
 

   

   Throughout the book, you’ll work through focused, hands-on projects that gradually build your skills and confidence. In the final chapters, you’ll apply what you’ve learned to create two real-world applications: an interview assistant that records voice input and provides AI-generated feedback and a more advanced corporate knowledge management system powered by retrieval-augmented generation (RAG). These projects reinforce key ideas while giving you strong portfolio pieces you can adapt for future work.
 

  
 

   

   The goal of this book is simple: to empower you to build real, working generative AI applications. We’ll start with a quick look at how generative AI works, along with its benefits, limitations, and uses. 
 

  
 

   

   
1.1 What generative AI can do for web applications
 

  
 

   

   Generative AI opens a wide array of opportunities across various domains. 
 

  
 

   

   
1.1.1 Generative AI capabilities
 

  
 

   

   AI can enhance web apps in many exciting and useful ways:
 

  
 

   

   	
Text generation—Producing human-like text for content creation, storytelling, and conversational agents. This is perhaps the most prevalent feature, as it all begins with crafting prompts using natural language and conducting follow-up conversations using tools like ChatGPT, Perplexity AI, Anthropic Claude, or Google Gemini.
 

   	
Image generation—Creating realistic images for artistic purposes, design, and creative projects. DALL-E and Midjourney are well-known image generators.
 

   	
Multimedia generation—Producing videos, music, and other multimedia content. OpenAI Sora 2 is popular for video generation. 
 

   	
Code generation—Assisting developers in writing code, automating repetitive tasks, and enhancing productivity. GitHub’s Copilot and Claude Code are two code generators in wide use.
 

   	
Learning exploration—Encouraging exploration and experimentation in creative fields, such as art, music, and literature. 
 

   	
Problem solving—Tackling complex problems in various domains, including science, engineering, and medicine, through innovative solutions.
 

   	
Content enhancement—Improving existing content through editing, enhancement, and refinement. For example, you might generate images in cartoon or art styles like sketch, anime, or filters from a photo.
 

  
 

   

   
1.1.2 Real-world uses of generative AI
 

  
 

   

   Let’s look at some use cases to see exactly how this technology is so valuable in web development.
 

  
 

   

   Use case: Digital marketing agency 
 

  
 

   

   Say a digital marketing agency wants to explore new creative possibilities for its client’s advertising campaigns. The agency wants to create a toolbox that allows it to generate images from text, generate new images from existing images, and create virtual objects based on written prompts. Here’s how the agency might use AI to achieve its goals:
 

  
 

   

   	
Image generation—The agency could integrate generative AI models like DALL-E into its web applications. By using external APIs from AI service providers, users can input text descriptions or prompts and generate corresponding images directly within the application.
 

   	
Image-to-image translation—The agency could use architectures like CycleGAN or Pix2Pix in its web applications for image-to-image translation. It also has options to use an external provider like stability.ai.
 

   	
Text generation for marketing—Utilizing state-of-the-art language models like GPT-4 or Llama, the agency intends to empower users to generate compelling marketing copy or product descriptions directly within the web application.
 

  
 

   

   Use case: Customer experience management
 

  
 

   

   A customer support platform aims to enhance its customer experience management by integrating generative chatbots into its web application. Its AI solution includes
 

  
 

   

   	
Generative chatbots for automated customer support—The platform could integrate advanced chatbot models such as GPT into its web application to handle customer inquiries and provide real-time assistance.
 

   	
Dynamic response generation for customer feedback—To address customer feedback, the platform can rely on generative AI models for dynamic response generation using sentiment analysis APIs, such as Google Cloud Natural Language API or IBM Watson Natural Language Understanding, to analyze feedback sentiment. The platform can also use text generation models like GPT-4 via API integration to generate personalized responses based on the sentiment and context of the feedback.
 

  
 

   

   Use case: Mock interview application with generative AI agents
 

  
 

   

   A job-training platform aims to enhance its mock interview feature using these tools:
 

  
 

   

   	
AI interviewer agents for simulated interviews—The platform will incorporate AI agents powered by generative AI models such as GPT-4 into its web application. By using external APIs for chatbot integration and natural language understanding, users can engage in simulated interview experiences in which AI interviewer agents ask questions, evaluate responses, and provide real-time feedback. Additionally, the platform integrates speech-to-text technology to enable users to speak their responses naturally, enhancing the authenticity of the interview experience.
 

   	
Personalized interview scenarios and feedback generation—To offer personalized mock interview experiences, the platform plans to use generative AI tools like Google Dialogflow for scenario and feedback generation.
 

   	
Adaptive interview difficulty—Using generative AI insights, the platform aims to provide adaptive interview coaching based on users’ performance and feedback.
 

  
 

   

   To explore further about the ecosystem of tools, see the numerous AI tools listed online (https://topai.tools/), where you can search by type or application category.
 

  
 

   

   
1.2 How a generative AI web app works
 

  
 

   

   Building scalable generative AI web applications requires orchestrating a multitude of moving parts, including user interaction, data processing, and communication with LLMs. Figure 1.1 provides a broad view of how the key components of a generative AI web application work together to produce content from queries.
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   Figure 1.1 The flow of information and interactions between the key components of a generative AI web application


  
 

   

   
1.2.1 Core components
 

  
 

   

   Let’s look at the components in figure 1.1 in more detail.
 

  
 

   

   LLMs and AI models
 

  
 

   

   At the core of generative AI web apps are the AI models themselves. These models are trained on vast datasets and can generate content such as text, images, video, and even code. LLMs are a crucial class of AI models designed to understand, generate, and process human language. Their “large” designation refers to the immense scale of the data they are trained on (billions of words, sentences, and documents) and the vast number of parameters they contain, allowing them to learn complex patterns in language. Essentially, LLMs work by predicting the most probable next word or sequence of words in a given context, enabling them to produce human-like text, answer questions, summarize information, and more. Tools like ChatGPT rely on these powerful LLMs to perform their “magic” by transforming user prompts into coherent and relevant creative outputs.
 

  
 

   

   UIs and conversational components
 

  
 

   

   The user interface (UI) is what users interact with when using the web application with a browser. It includes HTML elements such as buttons, forms, and menus, providing a seamless experience for user queries and receiving AI-generated outputs. Beyond traditional browser-based UIs, generative AI also powers conversational AI components such as chatbots, virtual assistants, and sophisticated AI agents. These agents are programs designed to perform specific tasks autonomously, often by interacting with various other AI APIs and external systems and services, enabling AI functionalities even within nonbrowser applications or operating in the background.
 

  
 

   

   Backend infrastructure 
 

  
 

   

   Behind the scenes, a robust backend infrastructure handles requests, processes data, and interfaces with AI models—ensuring that generated content is safe, reliable, and accurate, while protecting user privacy and personalization features. Examples of backend infrastructure components for serving LLM agents or interacting with AI models include
 

  
 

   

   	
Caching layers—Using Redis or Memcached to store frequently accessed data or model responses, the caching layers reduce latency and computational load on the AI models.
 

   	
Containerization and orchestration—Deploying AI models and associated services involves using Docker containers, managed by orchestration tools like Kubernetes for scalability and ease of management.
 

   	
Serverless functions—Services like AWS Lambda or Google Cloud Functions can be used to run specific AI-related tasks (like calling APIs) without managing server infrastructure. 
 

   	
Model-serving frameworks—For advanced scenarios, employing specialized tools such as TensorFlow Serving, NVIDIA Triton Inference Server, and Vertex AI can be efficient.
 

  
 

   

   This infrastructure ensures the smooth functioning of the application and efficient communication with external services and APIs.
 

  
 

   

   Data processing
 

  
 

   

   A data processing pipeline is responsible for preprocessing raw input data, feeding it into the AI models, and postprocessing the generated output. This pipeline may involve tasks such as data cleaning, normalization, feature extraction, and result formatting.
 

  
 

   

   Definition Feature extraction is a data processing technique where the machine learning model identifies meaningful patterns, characteristics, or representations and extracts them from raw data. In AI applications, this could mean detecting key phrases in text or shapes in images. Feature extraction begins with the model learning to automatically extract relevant features from the training data. Then, during inference, the model applies its learned feature-­extraction capabilities to new data to understand what it is looking at.
 

  
 

   

   API integration
 

  
 

   

   Whether you run an LLM locally or use external APIs, generative AI web apps often integrate with external systems to access additional functionalities or data sources. These APIs could provide services such as natural language processing, image recognition, or sentiment analysis, enhancing the application’s capabilities.
 

  
 

   

   Deployment and scaling
 

  
 

   

   Your web apps need to be deployed and scaled to handle increased spikes and to prevent unwanted service downtime. This task requires careful consideration of infrastructure requirements, resource allocation, and load balancing. Deployment tools and techniques ensure that the application can handle varying levels of traffic and usage.
 

  
 

   

   
1.2.2 The flow of user interactions
 

  
 

   

   Now that we’ve explored the key components of an AI-powered app, let’s look at how the user, the app, and the model interact. Figure 1.2 illustrates a typical workflow of actions and information, showing that content creation is a collaborative process between a user and an AI web app.
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   Figure 1.2 How an AI web app works: the user inputs data, and then the app processes it, selects a model, generates content, delivers it, and, optionally, collects feedback.


  
 

   

   This user–app interaction can be summed up in four major stages:
 

  
 

   

   	
User input through the UI interface—The user submits a query or a prompt, initiating the interaction with the UI. This input can be text prompts, images, selections, or any other format supported by the application. 
 

   	
Backend processing—The app then routes the query through its internal data processing pipeline, which may include cleaning, feature extraction, and preprocessing, and then selects the most suitable model for the query.
 

   	
Content generation—The backend system interacts with both internal and external services or APIs to initialize the generation process in the selected model. This model, which has been pretrained on vast amounts of data (and may be further fine-tuned for specific applications like RAG), then uses its knowledge to generate creative content aligned with the user’s input.
 

   	
Response delivery—The app then delivers the AI-generated content to the user in the UI. An optional feedback loop allows the user to provide comments and follow-­up questions on the results. This feedback can be used to refine the response to this query and to improve the model’s performance, thereby enhancing the quality of future responses.
 

  
 

   

   At its core, a web application comprises a service hosted on the public internet. As you can see in figure 1.3, clients, whether web or mobile apps, can access the service to utilize its content and features. The service itself may encompass multiple components that communicate with other services on the public internet to deliver its features. While some services store state in a database system, others may remain stateless. 
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   Figure 1.3 Simplified architecture diagram of a web application ecosystem. Clients, such as web browsers and mobile devices, interact with the core application service, which handles user requests and implements business logic. The service interacts with a database to store and manage application data. Additionally, the service communicates with external APIs to access additional functionality and interacts with external services utilized by the application.


  
 

   

   
1.3 AI tools and the ecosystem
 

  
 

   

   To build AI apps, we follow standard software engineering practices, using modern tooling to improve UI/UX, implementing effective testing and deployment strategies, securing APIs against potential threats, and optimizing performance through quality assurance. Let’s look at some of these tools and platforms that can streamline the build process.
 

  
 

   

   Many tools, services, and libraries streamline the build process, and this ecosystem continually evolves with new updates and features while striving to improve the accuracy of existing models. Many generative AI tools are available in both commerciallylicensed and open source versions. Figure 1.4 illustrates the interconnected components of a generative AI web application and the tools we’ll use to build the examples in this book.
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   Figure 1.4 Using key technologies to create generative AI web applications


  
 

   

   As we build our apps, we will use JavaScript and React to display our UI interface components, along with Next.js and the Vercel AI SDK to manage the backend and interact with external AI service providers. While the Vercel AI SDK supports various providers, our projects will primarily use Google Gemini models by default, with occasional use of OpenAI models. 
 

  
 

   

   React is one of the most popular JavaScript libraries for building user UIs with reusable components. It’s easy to learn and has vast support for AI-related components. We will use React to build our UI elements and to present them to the users with accessibility and performance in mind.
 

  
 

   

   Next.js is a framework built on React that simplifies the development of server-­rendered and statically generated web applications. It streamlines backend management and data fetching, making development faster and more efficient. We will use Next.js to handle all the backend integrations. 
 

  
 

   

   The Vercel AI SDK is our cherry on top of the cake. It’s an open source library specifically designed to integrate generative AI features into web applications, including specific hooks to handle state, components, and helpers that focus on core logic. We will use Vercel AI SDK tools to interact with external AI service providers and to incorporate AI functionalities seamlessly into our React components.
 

  
 

   

   LangChain.js is a JavaScript framework for building applications with LLMs. It provides a suite of abstractions and building blocks that cover a wide range of application lifecycle scenarios from development to production. We will use LangChain.js to build conversational chatbots using RAG.
 

  
 

   

   Other tools and frameworks for building AI web applications are available. Options include using an LLM API (e.g., the OpenAI.js client) directly or other small toolkits, such as polyfire-js and agentic tools, which offer similar capabilities. However, our choice of Vercel AI SDK has several advantages. First, it provides excellent integration with Next.js and React, allowing for seamless development of our chosen stack. The SDK offers good abstractions for handling multiple AI providers out of the box, saving developers from reinventing the wheel. Its convention-over-configuration approach simplifies setup and usage and offers a good state management solution (via UI and AI state abstractions). While developers could potentially write much of this functionality from scratch, doing so would be tedious.
 

  
 

   

   The same argument applies to using LangChain.js, which offers additional advantages for building sophisticated AI applications. It seamlessly integrates with Next.js and the Vercel AI SDK, provides more specialized tools for building composable conversational chains and agents, and offers practical examples in its documentation. Part of this framework ecosystem also contains tools like LangSmith for building production-­grade LLMs and LangGraph for creating agent and multi-agent workflows.
 

  
 

   

   
1.4 Choosing the right model
 

  
 

   

   In addition to frontend and backend tooling, we also have to select an LLM model and provider to power our app. For the projects in this book, we’ll use several popular models and providers, including
 

  
 

   

   	
OpenAI—Includes DALL-E 2 for image generation and ChatGPT for language tasks
 

   	
Google AI—Includes access to its own models, such as Gemini, and integrations with the Vercel AI SDK
 

  
 

   

   There are many considerations when choosing an LLM model and planning how data will flow through the system. Say you’re building an app that needs to integrate an LLM model to personalize website content based on user data and preferences. Let’s look at the key decisions you’ll face. To find the right model for the app, you first need to select the right type of model. In this case, you want to select one capable of understanding user preferences and content characteristics. In addition to the model’s architecture and approach, the quality and relevance of the model’s training data significantly affect its performance. So, you’ll want to assess how well the model’s training data aligns with your application’s specific needs.
 

  
 

   

   
1.4.1 Model types
 

  
 

   

   Different types of models excel at different tasks. LLMs are well suited for tasks involving text generation and manipulation, but specific architectures and approaches may be more appropriate for other kinds of tasks:
 

  
 

   

   	
Generative adversarial networks (GANs) use two competing neural networks to refine image generation so you can create new images based on image inputs. GANs are used to create images on the These Cats Do Not Exist website (https://thesecatsdonotexist.com/) and can also be adapted to generate video.
 

   	
Autoregressive models predict the next token in a sequence and can generate text one word at a time by predicting the next word in a sentence. This approach can be applied to data other than text and is appropriate for tasks where sequence matters, such as code and music generation, language translation, and time-­series prediction. GPT-4 from OpenAI is an autoregressive model. 
 

   	
Transformer-based models analyze relationships within data to excel at tasks like text generation. These models are based on attention mechanisms, allowing them to analyze relationships between different parts of the data. Use transformers when you need global context and large-scale LLM capabilities. Google Bard is an application built on transformer-based LLMs.
 

   	
Variational autoencoders compress data into a simplified format and then recreate variations of it. This technique is used mostly for anomaly detection or creating slight modifications of existing data—usually images and video, with text less common.
 

   	
Recurrent neural networks are adept at handling smaller-scale sequential data like text or speech. They can play a role in text-to-speech conversion or music generation but are becoming outdated for these and other large-scale tasks as transformers become more prevalent.
 

  
 

   

   
1.4.2 Pretrained vs. self-hosted
 

  
 

   

   You have the choice to use pretrained models offered by cloud providers or third-party services or to create and host your own LLM. While pretrained models offer ease of use, they might lack the level of customization or performance you desire. Building and hosting your own LLMs gives you maximum control over the model’s training data, enabling fine-tuning to achieve optimal performance for your specific application. However, this path requires significant computational resources and expertise in machine learning. 
 

  
 

   

   For our implementation, we’ll use pretrained models via public APIs such as Gemini and OpenAI, which offer a practical way to access state-of-the-art language models without the complexity of hosting and maintaining them ourselves. 
 

  
 

   

   
1.4.3 Performance considerations
 

  
 

   

   It’s important to evaluate a model’s latency (inference time) and resource requirements to ensure it delivers a smooth user experience without overloading your infrastructure—­­or your users’ costs. That means defining your user interaction and data flow and finding a model that works well for this flow. In particular, think about
 

  
 

   

   	
UI design—Determine how users will provide input to the model (e.g., text prompts, selection options) and how the generated output will be presented in the UI. 
 

   	
Data preprocessing—Analyze how user input might need to be transformed or formatted before being fed to the chosen AI model.
 

   	
Output postprocessing—Consider any postprocessing steps needed on the model’s output before integrating it into the final user experience.
 

  
 

   

   
1.5 Generative vs. traditional AI
 

  
 

   

   AI is the field of computer science concerned with creating machines that solve problems by mimicking human cognitive abilities. Machine learning and deep learning are types of AI that enable computers to learn patterns from labeled data and improve their performance without being explicitly programmed. Instead of writing a series of instructions for a computer to identify a picture of a cat, we train a machine learning model to recognize images of cats. Then we can show the computer a picture of a dog, and it will respond: “No, that is not a cat.” Figure 1.5 shows the process of training a model to recognize cats.
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Figure 1.5 AI can be used to detect whether a picture of a cat is, in fact, a cat. It accepts an image as input and responds with yes or no (or 0 and 1).



  
 

   

   Generative AI expands on machine learning’s ability to detect patterns. Rather than simply recognizing or classifying data, generative models learn underlying patterns deeply enough to produce entirely new content that resembles the material they were trained on. They can mimic sentence structures, design styles, and musical patterns, generating results that previously required manual human effort.
 

  
 

   

   The development of transformer architectures has propelled generative AI to its current capabilities. The field of AI in computer technology goes back a long time, but two recent developments in the models have revolutionized it: transformers and their core component, self-attention, both introduced in the landmark paper by Vaswani et al., “Attention Is All You Need” (https://arxiv.org/abs/1706.03762). 
 

  
 

   

   Transformers are a class of deep learning models that use self-attention mechanisms to process input data in parallel, making them highly effective in capturing long-range dependencies and contextual information within sequences. For example, in a sentence like “The lion, which had been chasing the antelope, finally caught it,” transformers can understand that “it” refers to “the antelope” even though several words separate them.
 

  
 

   

   Self-attention enables this understanding by allowing the model to evaluate the relative importance of each word in a sequence. Instead of viewing words in isolation, the model examines the full context to determine which words influence one another. As a result, machines can identify the most meaningful combinations of words to form a sentence.
 

  
 

   

   Transformers revolutionized natural language processing by enhancing both efficiency and accuracy in understanding textual data. They simplify key computation-­intensive tasks by reducing the need for large amounts of data. By using an attention mechanism, they help put the meaning of a word in context, considering the words before and after it. Therefore, computers can generate long, semantically sound sentences using only small prompts.
 

  
 

   

   Take, for instance, the task of completing the phrase “green eggs and . . ..” Older natural language processing models often generate responses like “green eggs and unicorns” or “green eggs and spaceships.” While grammatically correct, these completions failed to capture the contextual understanding required to produce meaningful and contextually relevant responses based on the original prompt.
 

  
 

   

   The newer class of models has made significant strides in overcoming these limitations. Not only can they form grammatically valid sentences, but they can also provide more contextually relevant answers based on vast amounts of public literature. Today, when prompted with “green eggs and . . .,” a model is likely to continue with “ham,” referencing the well-known Dr. Seuss book. This demonstrates the model’s ability to draw upon extensive knowledge and cultural references to generate responses that are not only syntactically correct but also semantically meaningful and contextually appropriate. 
 

  
 

   

   The cool thing about this technology is that it’s not confined to text generation tasks; it also finds applications in computer vision for tasks like object detection and image classification, as well as in speech recognition for AI voice assistants. Any media for which feature extraction and semantic understanding are crucial can benefit from the capabilities of transformers.
 

  
 

   

   
1.6 Handling the concerns and implications of generative AI
 

  
 

   

   As with any powerful tool, generative AI comes with significant responsibilities and valid concerns. To keep things simple, I will refrain from engaging in abstract philosophical debates about the ethical use of AI and instead provide practical guidelines for the responsible and effective utilization of generative AI in web applications.
 

  
 

   

   
1.6.1 What are the limitations of generative AI?
 

  
 

   

   Some of the most crucial challenges and limitations to generative AI include
 

  
 

   

   	
Quality control problems—These concerns are about ensuring the quality and reliability of generated outputs, especially their accuracy, coherence, and relevance. There is always a chance that the output will be inadequate or unacceptable, which poses a risk of causing more harm than good.
 

   	
Resource intensiveness—Training our own models for generative AI demands computational resources and infrastructure for training and inference, which can be costly and resource intensive. Not everyone has the budget to run large, expensive GPUs for extended periods of time.
 

   	
Security—Protecting against potential misuse of generative capabilities for malicious purposes, such as generating fake content, spreading misinformation, or impersonating individuals, is paramount. These trespasses can have a long-­lasting and damaging effect on public opinion.
 

   	
Regulatory compliance—It’s imperative to adhere to regulations and guidelines related to data privacy, intellectual property rights, and content authenticity so your tools don’t infringe on copyrighted material or create deepfakes. You need to understand and comply with regulations such as the General Data Protection Regulation (GDPR) in Europe and the California Consumer Privacy Act (CCPA) in the United States. These laws dictate how you can collect, store, and process user data, and they are especially relevant when dealing with personally identifiable information (PII). PII is any data that can be used to identify a specific individual, such as names, addresses, phone numbers, and email addresses. You must have a clear strategy for handling PII, including obtaining user consent, securely storing the data, and providing a mechanism for users to request its deletion. 
 

  
 

   

   
1.6.2 Will developers lose jobs because of AI?
 

  
 

   

   Yes, that is a possibility—but only if we fail to harness this technology to enhance our skills. Imagine you’re a skilled furniture maker during the Industrial Revolution, sought after for your craftsmanship. Then, automated machines flood the market, promising to streamline the production of quality furniture at a lower cost. Initially, you might be skeptical of the threat, thinking, “My craft is too intricate to be automated, so I’m safe.” But as the machines get better, you may fear that they’ll replace you entirely. Notice, however, that two centuries later, there are still carpenters around. Successful furniture makers adapted to technology, learned new skills, and found new opportunities to innovate.
 

  
 

   

   Still, it’s undeniable that many jobs were affected by this change and have become obsolete—handloom weavers, blacksmiths, coopers (barrel makers), spinners and carders (textile workers), shoemakers (cobblers), candlemakers, and scribes (copyists). Similarly, in software development, tasks like code generation, documentation, test-case creation, and reviews may become highly automated. Yet, this transformation presents an opportunity for developers to focus on more meaningful and creative aspects of their work. If you aspire to remain relevant and competent in your craft as a developer, my recommendation is to embrace new and innovative technologies like generative AI. 
 

  
 

   

   
1.6.3 Are generative AI outputs reliable?
 

  
 

   

   As we’ve seen, generative AI tools are based on natural language, machine learning models that infer their next output based on the set of highest probabilities. This approach introduces two immediate questions: 
 

  
 

   

   	How do we trust those probabilities to be consistently accurate? 
 

   	How can we address potential language bias in the outputs based on the training data? 
 

  
 

   

   Validating AI-generated content
 

  
 

   

   We let AI generate content for us based on some textual prompt, but how do we know whether the content, based on patterns in the training data, is actually true—or reasonable enough for our use cases? In fact, much of the content generated by AI could be classified as false, inaccurate, or even nonexistent. It’s as if the AI is constructing an alternative reality and presenting it as factual information, known as hallucinating. Ensuring the accuracy and validity of AI-generated content not only enhances the user experience but also prevents the spread of misinformation that could lead to poor decision making.
 

  
 

   

   In this book, we will take a hands-on approach to validate our generated content. We will explore techniques such as setting clear objectives, carefully framing the context of responses, adjusting certain LLM parameters, conducting cross-validations, and incorporating robust validation processes.
 

  
 

   

   Handling bias
 

  
 

   

   Bias and discrimination are among the most prevalent problems associated with generative AI technologies, and instances of inaccurate or misleading image generation are of significant concern because they can influence human-made decisions that rely on visual evidence. While there are no easy solutions to tackling bias when using LLMs and generative AI, we can make decisions that will help us in the long run. Restricting the source knowledge base, choosing models trained on diverse datasets, and including bias auditing can help mitigate bias to some extent. Bias auditing involves systematically testing a model with diverse inputs to identify and measure any biased behavior. 
 

  
 

   

   In this book, we will carefully confine our context and scope of applications to work on factual knowledge bases that do not discriminate against individuals. We will explore practical ways to conduct these audits as we build our applications.
 

  
 

   

   Enhancing user experience
 

  
 

   

   Users interacting with your generative AI web apps expect a high-quality experience that keeps them engaged. This means fast and accurate responses, an intuitive interface, a clear presentation of information, and personalization. User experience and satisfaction are pivotal, especially when adding conversational features. Significant progress has been made in LLMs, enabling them to accept a broader range of media inputs and making them more accessible. These models can now generate videos from text (text-to-video) and more. Since natural language can be ambiguous, we aim to provide users with options beyond text to achieve their goals.
 

  
 

   

   This book prioritizes user experience. We’ll discuss techniques such as streaming responses, backpropagation, using accessible components from the Vercel AI SDK, and using multiple formats to reduce frustration from repeated trial and error.
 

  
 

   

   Summary
 

  
 

   

   	Generative AI can generate not only text but all sorts of media resources like images, video clips, and audio. This capability greatly enhances their potential use in web applications. Real-world uses of generative AI in web applications range from digital marketing and customer experience management to mock interview applications.
 

   	Generative AI web apps center on powerful models like LLMs to create content from user input. The apps require a whole supporting ecosystem to integrate with the model, including UI and conversational AI components, backend infrastructure, data processing pipelines, API integration, and deployment and scaling mechanisms.
 

   	The apps we build in this book will use JavaScript and React to display the UI interface components, along with Next.js and the Vercel AI SDK to manage the backend and interact with external AI service providers.
 

   	Choosing the right model for an app is a key architectural decision and depends on the task required. Different model types (such as LLMs, GANs, autoregressive, transformers, variational autoencoders, and recurrent neural networks) excel at different kinds of problems. But the model architecture is just one consideration; developers also need to consider the quality and type of data it was trained on.
 

   	Software engineers were using AI long before generative AI came into existence. Common applications include machine learning, search recommendations, chatbots, and computer vision.
 

   	Foundational research like Google’s “Attention Is All You Need” laid the groundwork for transformative technologies such as transformers, which simplified natural language processing tasks by using attention mechanisms. Transformers revolutionized language modeling by improving efficiency and accuracy in understanding textual data, thus addressing long-standing challenges faced by traditional AI models. 
 

   	Limitations of generative AI include quality control problems, resource intensiveness, security concerns, and regulatory compliance. Concerns include generative AI’s potential effects on jobs, the reliability of outputs, handling bias, and enhancing the user experience.
 

  


 

   

   
2 Building your first generative AI web application 
 

  
 

   

   This chapter covers
 

    

    	Setting up a simple generative AI web app with React
 

    	Interfacing with the OpenAI client
 

    	Introducing Next.js and adopting it as our backend service
 

   
 

  
 

   

   Let’s start our journey by building a simple yet effective conversational app that demonstrates the core principles of large language model (LLM)–powered web applications. By “conversational,” I mean that users will interact with our AI app using natural language through text inputs, such as a chat message interface often found on web pages for support or help. Conversational AI can also involve voice input and spoken answers, but our initial focus will be on text-based interactions. Our app will become more versatile as we progress through this book and add more advanced functions. It will eventually be able to accept sound recordings, generate pictures, employ advanced tooling, and even handle queries related to private data. Our goal is to build a flexible app that can select the right model for the task at hand and is highly adaptable, giving us the freedom to customize its behavior.
 

  
 

   

   
2.1 Introducing Astra
 

  
 

   

   Our conversational app is an AI persona called Astra. An AI’s persona defines the unique style, characteristics, and behavioral traits the application exhibits—like Google’s Gemini. You can see a screenshot of Astra at work in figure 2.1. In this interaction, a user types a simple query, “Tell me a dad joke.” In a matter of seconds, our application, which is powered by an LLM and a few lines of code, processes the request and generates a humorous response.
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   Figure 2.1 A simple conversational UI demonstrating a user query and an LLM-generated response


  
 

   

   For our Astra app, we’ll use pretrained models via public APIs such as Gemini and OpenAI, which offer a practical way to access state-of-the-art language models without the complexity of hosting and maintaining them ourselves. In fact, we will review two implementations: one built with React and Express.js, and one built with Next.js, with the goal of improving the project in subsequent chapters. By comparing these approaches, you’ll gain valuable insights into the strengths and tradeoffs of each framework.
 

  
 

   

   NOTE For step-by-step instructions on how to create and configure API keys for both OpenAI and Google Gemini, including important billing considerations and free tier availability, refer to the appendix.
 

  
 

   

   
2.2 Project goal and requirements
 

  
 

   

   When designing software with specific functionality, we typically start with the problem statement and document its requirements.
 

  
 

   

   
2.2.1 Goal: Build a simple interactive AI chat interface
 

  
 

   

   Our objective is to create a web application where users can
 

  
 

   

   	Ask questions in natural language
 

   	Receive intelligent responses from an AI agent
 

   	View and scroll through their entire conversation history
 

  
 

   

   Figure 2.2 shows how these interactions relate and the flow started by a user interaction.
 

  
 

   

   [image: ] 

   Figure 2.2 The user interaction flow in the chat application. The user types a question and presses Enter. The web UI submits the question to the backend service, which processes it and sends it along with context to the AI model. The AI model responds with a query response, which the backend service verifies and sends back to the web UI to update the conversation messages. This cycle allows for follow-up questions.


  
 

   

   In sum, the series of events is as follows:
 

  
 

   

   	The user is presented with a page that consists of a welcome message and a textbox.
 

   	The user types a question and presses Enter.
 

   	The web UI takes the user’s question and submits it to the backend service.
 

   	The backend accepts the query and processes it.
 

   	The backend submits the query along with some context to the suitable AI model that can understand as well as generate natural language or code.
 

   	The AI model responds with a query response.
 

   	The backend service processes the response and verifies its contents.
 

   	The backend sends the cleaned response back to the web UI.
 

   	The web UI updates the list of conversation messages.
 

   	 The user can submit follow-up questions.
 

  
 

   

   
2.2.2 Project and technology requirements
 

  
 

   

   Given the sequence of events, we can now list our initial requirements for building Astra AI as a simple, user-friendly, and effective chat app. In the first iteration, we want to prioritize a foundational experience. As I introduce concepts throughout this book, we will be enhancing Astra’s AI functionality to suit our growing needs:
 

  
 

   

   	
A single page—The user interface should consist of a single webpage.
 

   	
Welcome message—A clear and welcoming message should greet the user, introducing Astra AI and its capabilities. 
 

   	
Text input box—A prominent text input box should be readily available for users to type their questions in natural language.
 

   	
Conversation history—A dedicated area should display the entire conversation history between the user and Astra AI. This allows users to refer to previous interactions and provides context for follow-up questions.
 

   	
Scrolling functionality—The conversation history area should be scrollable, enabling users to revisit earlier parts of the conversation if needed.
 

   	
Visual design—A simple interface is preferred for this initial iteration. 
 

  
 

   

   To build the Astra AI’s initial iteration, we’ll use the following technologies. Don’t worry if you’re unfamiliar with some of the tools mentioned. The example projects are preconfigured to run without any changes on your part. Consequently, you can follow along even if you’re new to these tools:
 

  
 

   

   	
Frontend—React.js
 

   	
Backend—Node.js
 

   	
CSS framework—Tailwind.css
 

   	
Build tool—Vite
 

   	
AI model—We’ll use OpenAI’s REST APIs to access pretrained models, so we can integrate natural language processing capabilities into Astra AI without building our own model from scratch.
 

   	
Ephemeral storage—For this first iteration, we’ll avoid storing conversation history. 
 

   	
Automated testing—We will provide unit tests using Vitest.
 

   	
Error handling—The app will gracefully handle unexpected situations and provide informative messages to the user.
 

   	
Security—While the initial focus is on functionality, we will utilize basic security measures like input validation and sanitization. No user authentication will be implemented in this iteration.
 

  
 

   

    

    A preconfigured starter project
 

   
 

    

    To make your journey smoother and let you focus on the core concepts, I’ve created a starter project that you’ll use throughout the book. This project, located in the starter-­project folder of the GitHub repository, is a preconfigured, clean, Next.js application.
 

   
 

    

    Think of it as the foundation of your house. I’ve already handled all the initial setup, like configuring Tailwind CSS, setting up basic routing, and including essential files, so you don’t have to. You’ll simply copy this project at the beginning of each chapter and build the new features on top of it. You can use the starter project as a base for all the examples in this book, ensuring you have a consistent and ready-to-run environment from the very beginning. 
 

   
 

    

    For this first project, we’ll start with a clean slate. We won’t be using a preconfigured starter project or the Vercel AI SDK just yet, so you can head to the next section.
 

   
 

  
 

   

   
2.2.3 Setting up
 

  
 

   

   Now let’s look at the code that implements the application. To run this example, you’ll need Node.js, which you can install by following the instructions on the official Node.js page at https://nodejs.org/en/download/package-manager.
 

  
 

   

   Note All examples and projects were developed and tested using Node.js v18 (long-term support [LTS]). I recommend using an LTS version of Node.js for stability, such as v18.x.x or the current LTS. While our code is designed to be compatible with newer versions of Node.js (including v22.x.x or v24.x.x “current” releases), sticking to an LTS version helps ensure a consistent development environment. 
 

  
 

   

   While you won’t need to write any code in this chapter, feel free to download the complete project and run it yourself to gain practical experience.
 

  
 

   

   NOTE The source code for the examples in this chapter is available at https://github.com/Generative-AI-Web-Apps/Code.
 

  
 

   

    

    Project code: chat-client
 

   
 

    

    The code for this example project is in the ch02/client-chat folder. The appendix at the end of this book offers instructions on how to set up and create a secret key for OpenAI and other providers.
 

   
 

    

    Option 1: Using Google (default)
 

   
 

    

    You can use that example using Google Gemini by running the following command in the source folder from the project root directory:
 

   
 

    

     

     $ npm run start -w ch02/client-chat
  

    
 

   
 

    

    You’ll also need a Gemini API key to access their REST API:
 

   
 

    

     

     // .env

GEMINI_API_KEY=<SECRET_KEY>
  

    
 

   
 

    

    Option 2: Using OpenAI
 

   
 

    

    You can use that example using OpenAI Generative by running the following command in the source folder: 
 

   
 

    

     

     $ npm run start:openai -w ch02/client-chat
  

    
 

   
 

    

    You’ll also need an OpenAI API key to access their REST API:
 

   
 

    

     

     // .env

OPENAI_API_KEY=<SECRET_KEY
  

    
 

   
 

  
 

   

   WARNING Make sure that your OpenAI API key is valid to avoid any problems during the installation process. Remember, this secret key should be kept confidential and not shared publicly.
 

  
 

   

   
2.2.4 Running the project
 

  
 

   

   If you followed the setup instructions to run the chat-client example project, you should be able to visit http://localhost:5173 and interact with the agent. Figure 2.3 shows a screenshot of the application after some exchange of messages.
 

  
 

   

   [image: ] 

   Figure 2.3 A screenshot of Astra AI in action. We can interact with the agent, and it will respond politely.


  
 

   

   A quick chat walk-through
 

  
 

   

   Before we look at the implementation details, let’s briefly walk through a simple chat exchange with Astra AI to see the application in action. When you first launch the application, you’ll be presented with a welcoming screen, ready for your input. Locate the text box at the bottom of the screen and type your first prompt:
 

  
 

   

    

    Tell me more about yourself
  

   
 

  
 

   

   Upon submitting your query, you’ll observe a brief “Please wait” indicator as Astra AI processes your request. Then, Astra AI will provide its response, which will appear in the chat history, and the input text box will be ready for your next question.
 

  
 

   

   For your second interaction, type
 

  
 

   

    

    What knowledge do you have?
  

   
 

  
 

   

   Astra AI will again process your request and generate another informative response.
 

  
 

   

   Project structure overview
 

  
 

   

   We take the simplest approach with this example project. Since it’s a single feature that we are building, we have all relevant source code with a relevant flat folder hierarchy. For instance, the components folder houses all React components, and the hooks folder stores all custom hooks used in the project. This flat structure is effective for small, focused projects. However, it may not scale well for larger or more complex applications. I’ll provide alternative project structures with better scalability when building more intricate features in future chapters.
 

  
 

   

   If you experience problems with the AI not responding to your requests when using OpenAI, it is important to ensure that your OpenAI account has sufficient credits before making API calls; otherwise, you will encounter an insufficient_quota error. Additionally, you cannot use the same phone number with different email addresses to obtain additional free credits on OpenAI. If you have already used a free trial, the credits are shared across accounts linked to your phone number. This limitation applies specifically to OpenAI accounts and does not affect the use of other providers such as Google Gemini. Following these guidelines will help you avoid common quota-related errors and ensure smooth API usage with OpenAI.  
 

  
 

   

   
2.3 Under the hood: The generative AI lifecycle
 

  
 

   

   Let’s explore the mechanics that occur when you interact with Astra, our conversational AI agent. Behind the scenes, as you can see in figure 2.4, your message travels from the chat interface to the backend, where it interacts with the AI model and triggers a response. The backend then delivers that response, which updates the chat window and allows you to continue the conversation with Astra. While doing so, the UI displays a loading indicator for the user. Once the new message arrives, the page automatically scrolls to display the last response message.
 

  
 

   

   [image: ] 

   Figure 2.4 A screenshot of Astra’s chat interface, showing a conversation history between the user and the AI. Notice the input prompt, a list of past messages, and a loading indicator while the AI (LLM) processes the request. Once a new message is posted, the page is automatically scrolled down.


  
 

   

   Some interactive elements are working behind the scenes without user intervention, so we’ll want to start with the rules we follow.
 

  
 

   

   
2.4 Designing for a better user experience 
 

  
 

   

   As we explore the interactivity of our generative AI application, it’s important to consider the user experience (UX) when dealing with long responses from LLMs. Here’s why:
 

  
 

   

   	
Attention management—Lengthy, unformatted text blocks can overwhelm users and hinder information processing. To address this, many LLMs allow you to specify both the desired response format through prompts and their delivery method using streaming responses. Requesting content in formats such as Markdown allows for easy rendering with improved readability and structure. This enables features like collapsible sections, code blocks, and bolded text within the application instead of showing a big wall of text.
 

   	
Navigation and control—Users might struggle to navigate within lengthy responses, so consider adopting automatic scrolling mechanisms or ways to scroll to the top or bottom of the message threads.
 

   	
Engagement and interactivity—Providing users with ways to interact with the response, like collapsing sections or highlighting keywords, can enhance engagement and understanding.
 

  
 

   

   Throughout the following chapters, we’ll explore additional techniques to refine the response content itself through formatting, streaming, and customization, further enhancing the user experience when interacting with the LLM.
 

  
 

   

   Keeping these UX concepts in mind, you’ll see that our code example already incorporates automatic scrolling for handling long responses. When a new message arrives in the LLM response, the page will scroll to make it visible so the user doesn’t have to scroll manually.
 

  
 

   

    

    React refresher
 

   
 

    

    Here is a quick refresher intended for readers who need a brief recap of the key React characteristics that we will rely on throughout our development process.
 

   
 

    

    React is primarily a UI library that helps developers write interactive web applications powered by JavaScript. It includes 
 

   
 

    

    	
Components—Reusable, self-contained pieces of UI (e.g., ChatList, TextArea). 
 

    	
JSX—A syntax extension for JavaScript that allows writing HTML-like code in ­React. For example, instead of using createElement( 'h1, 'Hello'); developers simply use <hi>Hello</h1>. 
 

    	
Props—Read-only data passed from parent to child components.
 

    	
State—Mutable data that can change over time, managed within a component.
 

    	
Hooks—Functions that let you use state and other React features in functional components.
 

    	
Virtual DOM—React’s efficient way of updating the UI by comparing virtual representations of the DOM.
 

    	
Lifecycle methods—Functions that run at different stages of a component’s existence.
 

   
 

  
 

   

   
2.5 Building the major components
 

  
 

   

   Now that we’ve outlined the goals and user experience, let’s explore the project’s structure, focusing on the key architectural components. We’ll start with the frontend, where user interactions begin, and then move to the backend, which handles communication with our AI model.
 

  
 

   

   
2.5.1 Frontend
 

  
 

   

   The frontend is where the UX comes to life. In this application, we use a component-­based architecture to build fluid, responsive chat interactions.
 

  
 

   

   The <ChatPage/> component serves as the central building block of the chat interface. Figure 2.2 shows how this component is rendered into the final page. This component is located in the src/pages folder and is responsible for rendering visual elements and managing user interactions. This component handles 
 

  
 

   

   	Displaying a list of past conversation messages
 

   	Providing an input field for users to type their questions or prompts
 

   	Submitting user input to the LLM for processing
 

   	Displaying the LLM’s generated response
 

   	Incorporating features like automatic scrolling for long responses (as discussed earlier)
 

  
 

   

   NOTE In a React application, the terms page and component are often used interchangeably, but they typically denote different organizational roles. A page (such as ChatPage, often found in a src/pages folder) is a top-level React component specifically associated with a particular route or URL, representing a distinct view or screen in your application. Components (such as ChatList or ChatMessage, typically found in a src/components folder) are smaller, reusable pieces of UI that are nested within pages or other components to build complex user interfaces efficiently. 
 

  
 

   

   Figure 2.5 provides the tree hierarchy of this component and its internal components, some of which contain only functionality and not visual presentation (e.g., <AutoScroll/>).
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Figure 2.5 The browser loads index.html, which mounts the React application to a root div. The application starts with main.jsx (the entry point), rendering App.jsx. App.jsx uses AppLayout.js for the overall page structure, including Navbar.js, the central ChatPage content, and Footer.jsx. ChatPage further breaks down into three child components: AutoScroll (managing scroll behavior), ChatList (displaying conversation messages), and TextArea (handling user input). Data flows between these components, with ChatList holding the conversation history and TextArea managing the user’s message prompt.



  
 

   

   Out of the three child components, <AutoScroll/> does not contain any visual representation, so let’s look at the process of implementing it.
 

  
 

   

   
2.5.2 Autoscroll
 

  
 

   

   One of the most important UX considerations in a chat app is managing the conversation flow. <AutoScroll/> is a React component that automatically scrolls itself into view when it is at the bottom of the viewport and not currently visible.
 

  
 

   

   It receives a trackVisibility prop that determines whether the autoscrolling behavior should be enabled. The component uses the useIsAtBottom hook to check whether it is at the bottom of the viewport and the useInView hook to determine whether it is currently in view. If trackVisibility is true and the component is at the bottom and not in view, the component smoothly scrolls itself into view using the scrollIntoView method. 
 

  
 

   

   Figure 2.6 shows how this interaction works. Of course, this is not the only way to implement autoscrolling, but it works quite well in most use cases. 
 

  
 

   

   [image: ] 

   
Figure 2.6 The <Autoscroll/> component works by triggering a scroll to the bottom of the page. The criteria that trigger the autoscrolling behavior are as follows: the trackVisibility prop is set to true, the component is at the bottom of the viewport (determined by the useIsAtBottom hook), and the component is not currently in view (determined by the useInView hook).



  
 

   

   You might notice that with the current AutoScroll component, if the conversation gets very long, it always forces the view to the bottom when new messages arrive. This can be disruptive if you’re trying to read older parts of the chat history. For a more sophisticated user experience, a real-world chat application would enhance the scrolling behavior to
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