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   preface
 

  
 

   

   When I started exploring Hugging Face, I was struck by how accessible and powerful its tools were. Models that once required specialized knowledge and massive compute resources were now available to anyone with a laptop and Python. I spent countless hours experimenting—running pretrained models, fine-tuning them on my own datasets, and trying to figure out how to integrate them into real applications. That journey was exciting, but I quickly realized that learning to use models was only part of the story. The real challenge—and the real fun—comes from building AI systems that can act, interact, and solve real-world problems.
 

  
 

   

   This book is the result of that journey. It’s designed to take you from the basics of navigating Hugging Face to building end-to-end AI applications—from natural language processing (NLP) and computer vision tasks to autonomous agents, interactive web interfaces, and locally running models. Along the way, I explore advanced concepts such as multimodal models, LangChain for AI workflows, retrieval-augmented generation (RAG) for querying documents, and the Model Context Protocol (MCP) for connecting AI systems to tools and data. My goal is to give you not just code examples but also a framework for thinking about AI applications—how to design them, extend them, and make them useful in the real world.
 

  
 

   

   Each chapter is hands-on and practical. You’ll find exercises, examples, and tips drawn from real projects so you can learn by doing. I hope this book helps you move beyond experimenting to building intelligent systems that can learn, reason, and interact; I hope it inspires you to explore new possibilities with AI.
 

  
 

   

   Whether you’re a developer, data scientist, or AI enthusiast, my hope is that this book becomes a companion on your own journey, helping you turn curiosity into skill, and skill into impactful applications.
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   about this book
 

  
 

   

   Artificial intelligence is no longer confined to research labs; it’s becoming a tool that anyone can use to build intelligent, interactive real-world applications. This book is your gateway to the Hugging Face ecosystem, guiding you step by step from understanding pretrained models to creating fully functional AI applications. You’ll learn how to harness the power of transformers for NLP; explore computer vision models; fine-tune models on your own datasets; and even work with multimodal models that handle text, images, and more.
 

  
 

   

   But this book goes beyond simply using models; it also shows you how to make AI work for you. You’ll discover how to build autonomous agents that can make decisions, interact with tools, and retrieve information; create web-based interfaces that allow others to experience your AI; run models locally for privacy and speed; and connect AI to the real world through protocols such as MCP.
 

  
 

   

   With hands-on examples, practical projects, and clear explanations, this book equips you to move from experimentation to building intelligent end-to-end AI systems—­applications that can learn, adapt, and interact in meaningful ways. By the end of this book, you won’t just understand Hugging Face; you’ll also have the skills to build AI-powered solutions that solve real problems, automate tasks, and engage users in entirely new ways. 
 

  
 

   

   Who should read this book
 

  
 

   

   This book is for developers, data scientists, and AI enthusiasts who want to move beyond simply calling APIs and start building end-to-end AI applications using the Hugging Face ecosystem and related frameworks. If you’re curious about how to use pretrained models for NLP and computer vision tasks, fine-tune them for your own datasets, or integrate them into real-world applications with interactive UIs, this book is for you. No deep learning expertise is required, though a working knowledge of Python will be helpful.
 

  
 

   

   This book is designed for readers with varying levels of expertise in NLP and machine learning. It caters to both beginners and intermediate practitioners who are interested in harnessing the capabilities of Hugging Face’s platform. The content covers a wide range of topics, from using the Transformers library for NLP tasks to performing computer vision tasks such as object detection in images and videos. It also explores building applications with large language models (LLMs) using LangChain and Langflow. The target audience includes those who are looking to prototype visually, create LLM-based chat applications with private data, and build user interfaces using Gradio. Overall, this book serves as a comprehensive guide for anyone who wants to use Hugging Face for diverse NLP and machine learning applications.
 

  
 

   

    Prerequisites
 

  
 

   

   Before you begin, it’s important to ensure that you have the necessary background knowledge and tools to follow the material covered in this book effectively. The following prerequisites will help you get the most out of this book. You should already be comfortable with programming in Python and working with essential data-analysis libraries. In addition, familiarity with Jupyter Notebooks is required because many of the exercises and demonstrations are conducted in that environment.
 

  
 

   

   	
Python (intermediate)— 

     

     	Fluency with basic Python language constructs
 

     	Familiarity with data structures such as lists, tuples, dictionaries, and sets
 

     	Familiarity with intermediate concepts such as iterables and generators
 

     	Ability to work with various data formats, such as CSV and Microsoft Excel
 

     	Ability to create an independent Python program and run it in Terminal or Anaconda Prompt
 

    
 
 

   	
NumPy and pandas (intermediate)— 

     

     	Experience using NumPy’s array to manipulate data
 

     	Experience using the pandas Series and DataFrame data structures to manipulate structured data
 

     	Familiarity with the various functions and methods in NumPy and pandas
 

     	Basic knowledge of data analytics
 

    


 

   	
Jupyter Notebooks— 

     

     	Creating environments in, and starting and loading Jupyter Notebooks
 

     	Ability to save and load Jupyter Notebooks
 

     	Familiarity with Markdown syntax for documentation
 

     	Ability to find documentation for functions and methods within Jupyter Notebooks
 

    


 

  
 

   

   How this book is organized: A road map
 

  
 

   

   The book is designed as a hands-on, practical guide. Each chapter introduces key concepts and then walks you through examples and code that you can adapt for your own projects. You’ll begin with the foundations of Hugging Face and progress toward building full-fledged applications powered by LLMs.
 

  
 

   

   The chapters are structured to be read sequentially, with later chapters building on earlier ones. If you’re already familiar with the basics of Hugging Face, however, you can jump directly into the sections that interest you, such as fine-tuning models, building LangChain agents, or creating user interfaces with Gradio. Each chapter is self­contained, with runnable examples and explanations. By the end of the book, you’ll be able to do the following:
 

  
 

   

   	Use Hugging Face models for NLP and computer vision tasks. 
 

   	Fine-tune and customize models for your own datasets.
 

   	Build applications powered by LLMs using LangChain, Langflow, and Llama­Index.
 

   	Design autonomous AI agents that integrate with tools and services.
 

   	Create web interfaces for your models with Gradio.
 

   	Run lightweight LLMs locally with GPT4All.
 

   	Extend your applications to the real world using MCP.
 

  
 

   

   This book will equip you with the knowledge and practical skills to take advantage of the latest developments in AI, from pretrained models to agentic systems and beyond. Here is a brief overview of the chapters:
 

  
 

   

   	
Chapter 1, Introducing Hugging Face—A high-level overview of Hugging Face, its role in democratizing AI, and the ecosystem of tools it provides
 

   	
Chapter 2, Getting started—Setting up your environment and learning how to use Hugging Face resources such as the Hub and model repositories
 

   	
Chapter 3, Using Hugging Face transformers and pipelines for NLP tasks—Applying pretrained models to text classification, translation, summarization, and more
 

   	
Chapter 4, Using Hugging Face for computer vision tasks—Exploring image classification, object detection, and other vision tasks using Hugging Face models
 

   	
Chapter 5, Exploring, tokenizing, and visualizing Hugging Face datasets—Learning to prepare, tokenize, and explore datasets for NLP and computer vision tasks
 

   	
Chapter 6, Fine-tuning pretrained models and working with multimodal models—Training models on your own data and experimenting with models that handle multiple input types, such as text and images
 

   	
Chapter 7, Creating LLM-based applications using LangChain and LlamaIndex—Building applications that augment LLMs with tools, memory, and data retrieval
 

   	
Chapter 8, Building LangChain applications visually using Langflow—Designing and deploying AI workflows without writing code, using a visual programming interface
 

   	
Chapter 9, Programming agents—Exploring agent-based architectures in which models make autonomous decisions and interact with external tools
 

   	
Chapter 10, Building a web-based UI using Gradio—Creating user-friendly interfaces to showcase and interact with your AI models 
 

   	
Chapter 11, Building locally running LLM-based applications using GPT4All—­Running lightweight, open-source LLMs on your own machine without relying on the cloud
 

   	
Chapter 12, Using LLMs to query your local data—Applying RAG to answer questions about your files, databases, and knowledge bases
 

   	
Chapter 13, Bridging LLMs to the real world with the Model Context Protocol—­Connecting LLMs with real-world tools, APIs, and services for more practical and integrated applications
 

  
 

   

   What’s required to use this book
 

  
 

   

   To follow along, you’ll need
 

  
 

   

   	A computer with Python 3.11 or later installed
 

   	Access to the internet for downloading models and datasets and using Hugging Face Hub
 

   	(Optional) A GPU for training and fine-tuning tasks, though most examples can be run on a CPU or in cloud-hosted environments such as Google Colab
 

  
 

   

   About the code 
 

  
 

   

   This book contains many examples of source code both in numbered listings and inline 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 changes 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 rare cases, even this was not enough, and listings include line-continuation markers (➥). Additionally, comments in the source code were 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/hugging-face-in-action. The complete code for the examples in the book is available for download on the Manning website at https://www.manning.com/books/hugging-face-in-action and on GitHub at https://github.com/weimenglee.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Hugging Face in Action 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/hugging-face-in-action/discussion. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/discussion.
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where meaningful dialogue between individual readers and between readers and authors 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 on the publisher’s website as long as the book is in print.
 

  
 

 

   

   about the author
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   Wei-Meng Lee is a technologist and the founder of Developer Learning Solutions (http://calender.learn2­develop.net), a company specializing in helping companies adopt the latest IT technologies. Wei-Meng provides consultancy services to companies on adopting blockchain and AI solutions for their businesses.
 

  


 

   

   about the cover illustration
 

  
 

   

   The caption for the illustration on the cover of Hugging Face in Action is “Chiosgchi, musicien, turc jouant du Chiosq,” or “Turkish drummer,” taken from an album of Turkish costumes in the British Museum collection.
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was by their dress alone. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 

  


 

   

   
1 Introducing Hugging Face

 

  
 

   

   This chapter covers
 

    

    	What Hugging Face is known for
 

    	The Hugging Face Transformers library
 

    	The various models hosted by Hugging Face
 

    	
The Gradio library 
 

   
 

  
 

   

   Hugging Face is an AI community that promotes the building, training, and deployment of open source machine learning models. It has state-of-the-art models designed for different problem domains, such as natural language processing (NLP) tasks, computer vision tasks, and audio tasks. Besides providing tools for machine learning, Hugging Face provides a platform for hosting pretrained models and datasets. With AI at its peak, Hugging Face is at the epicenter of the AI revolution because
 

  
 

   

   	It unleashes a new wave of applications that capitalizes on the large amount of data available.
 

   	Many complementary technologies are being developed, such as prototyping tools for large learning model (LLM)–based applications.
 

   	Instead of focusing on the fundamentals (such as building neural networks from scratch or learning machine learning algorithms), developers can focus on building AI-based apps to solve their problems immediately. AI is now a tool that developers can use directly rather than having to build it from scratch.
 

   	Hugging Face’s philosophy is to promote open source contributions. It is the hub of open source models for NLP, computer vision, and other fields in which AI plays vital roles.
 

  
 

   

   This book highlights some of the key services and platforms provided by Hugging Face. You get a glimpse of the kinds of applications we will be building throughout the book. Hugging Face is best known for its Transformers library for developing NLP applications, its platform for sharing machine learning models and datasets, Hugging Face Spaces for hosting user-developed machine learning apps, and the Gradio Python library for rapid UI creation. In the next few sections, I introduce some of the features available through the Hugging Face Hub. Later in this book, I cover advanced topics such as the following:
 

  
 

   

   	Building your own LLM-based applications using the LangChain framework
 

   	Visually prototyping your LLM-based application with Langflow 
 

   	Exploring alternatives to OpenAI’s generative pretrained transformer (GPT) models, such as GPT4All
 

   	Developing LLM-based applications without compromising the privacy of your data
 

   	Creating agents that integrate tools such as search engines and code interpreters
 

   	Using the Model Context Protocol (MCP) to connect AI assistants to external data sources
 

  
 

   

   
1.1 Hugging Face Transformers library
 

  
 

   

   The Transformers library is a Python package that contains open source implementations of the Transformer architecture models for text, image, and audio tasks. It provides APIs for developers to download and use for pretrained models. By using pretrained and state-of-the-art models, developers don’t have to spend time and resources building models from scratch. As an example, consider the following code snippet (I explain the code in more detail and show you how to install the libraries in chapters 2 and 3): 
 

  
 

   

    

    from transformers import pipeline



classifier = pipeline('text-classification',

             model = 'distilbert-base-uncased-finetuned-sst-2-english',

             revision = 'af0f99b')
  

   
 

  
 

   

   In this code snippet, I use the pipeline() function from the transformers package to perform a text-classification task. In particular, I want to create an application to detect the sentiments in a particular paragraph of text. The code specifies that I want to use this model, 'distilbert-base-uncased-finetuned-sst-2-english', and its version, 'af0f99b'. That’s it! I don’t need to know how text classification works; neither do I need to know how to train a model to perform this task. 
 

  
 

   

   In Hugging Face’s Transformers library, a pipeline is a high-level, user-friendly API that simplifies building and using complex NLP workflows. It makes it easy to perform a sequence of NLP tasks (text classification, named entity recognition, translation, summarization, and so on) with a few lines of code. You will learn more about transformers and pipelines in chapter 3.
 

  
 

   

   To put this code to the test, I call the pipeline object and pass it a paragraph of text. The object returns this result:
 

  
 

   

    

    import pandas as pd



text = '''

I thought this was a wonderful way to spend time on a too hot summer

weekend, sitting in the air conditioned theater and watching a

light-hearted comedy. The plot is simplistic, but the dialogue is

witty and the characters are likable (even the well bread suspected

serial killer). While some may be disappointed when they realize

this is not Match Point 2: Risk Addiction, I thought it was proof

that Woody Allen is still fully in control of the style many of us

have grown to love.<br /><br />This was the most I'd laughed at one

of Woody's comedies in years (dare I say a decade?). While I've never

been impressed with Scarlet Johanson, in this she managed to tone

down her "sexy" image and jumped right into a average, but spirited

young woman.<br /><br />This may not be the crown jewel of his career

, but it was wittier than "Devil Wears Prada" and more interesting

than "Superman" a great comedy to go see with friends.

'''



result = classifier(text)

pd.DataFrame(result)
  

   
 

  
 

    

   [image: A label with black text  Description automatically generated] 

   
Figure 1.1 The result of the sentiment analysis



  
 

   

   This paragraph of text comes from the Internet Movie Database (IMDb) dataset (https://huggingface.co/datasets/stanfordnlp/imdb), a binary sentiment-analysis dataset consisting of 50,000 reviews from the IMDb website labeled positive or negative. The result returned by the pipeline object is formatted nicely as a pandas DataFrame (see figure 1.1), which shows that the sentiment is positive.
 

  
 

   

   As you can see from this code snippet, you can perform a relatively complex task of sentiment analysis in a couple of statements by using the Transformers library and the pipeline API from Hugging Face.
 

  
 

   

   
1.2 Hugging Face models
 

  
 

   

   The Hugging Face Hub’s Models page (https://huggingface.co/models; see figure 1.2) hosts many pretrained models for a wide variety of machine learning tasks. All the pretrained models are stored in repositories, and Hugging Face makes exploring the details of the models easy.
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Figure 1.2 Exploring the pretrained models hosted at Hugging Face Hub



  
 

   

   Many models have a widget that allows you to test them directly by running inferences in the web browser. To demonstrate, search for a pretrained model named facebook/detr-resnet-50. This Detection Transformer (DETR) model was trained end-to-end using the Common Objects in Context (COCO) 2017 object detection dataset (118 KB annotated images for training and 5 KB images for validation). COCO is a large-scale object detection, segmentation, and captioning dataset.
 

  
 

   

   You can use the facebook/detr-resnet-50 model to detect objects in an image. You can read more about this model on Hugging Face’s website at https://huggingface.co/facebook/detr-resnet-50 (see figure 1.3). More important, Hugging Face provides the Hosted Inference API, which allows you to test the model directly in your web browser.
 

  
 

   

   The Hosted Inference API enables developers to test and evaluate (for free) more than 150,000 publicly accessible machine learning models or their own private models via simple HTTP requests, with the fast inference hosted on Hugging Face’s shared infrastructure.
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Figure 1.3 You can test the model directly on Hugging Face Hub using the Hosted Inference API



  
 

   

   As an example, I dragged an image (see figure 1.4) to the Hosted Inference API section of the page for the facebook/detr-resnet-50 model on the Hugging Face website. The objects detected in the image are shown automatically, with the level of confidence displayed next to each object’s name.
 

  
 

   

   In addition, you can use this model for your own Python code. To do so, first click the Use This Model button (see figure 1.5); then, on the menu, click the Transformers button. In figure 1.6, you see code samples that show how to use the model.
 

  
 

   

   You will learn more about using the Transformers library with various models for object detection in chapter 4. 
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Figure 1.4 Performing object detection using my uploaded image (image: CC BY-SA 3.0) 
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Figure 1.5 Locating the Use This Model button 
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Figure 1.6 Using the model with the Transformers library



  
 

   

   
1.3 Hugging Face Gradio Python library
 

  
 

   

   As an AI developer, you spend a lot of time building and training your machine learning or deep learning models. When your model is trained to your satisfaction, the next logical step is to let your users try it. Typically, this means building your dedicated UI (commonly, a web app) or exposing your models using a REST API, but you have to spend time building all these user interfaces. Wouldn’t it be nice to have a package that automatically exposes your model so users can try it quickly? This is where Gradio comes in.
 

  
 

   

   Gradio is an open source Python library that makes it easy to create customizable user interfaces for machine learning models and data science workflows. With a few lines of code, you can wrap your model in a simple web-based interface where users can upload inputs (such as text, images, or audio) and view the outputs in real time. It’s widely used for demoing models, collecting user feedback, and building interactive machine learning applications. Gradio also integrates seamlessly with Hugging Face Spaces, allowing developers to share their apps with the community.
 

  
 

   

   Gradio was founded by Abubakar Abid, a PhD student at Stanford University, who was focusing on deep learning applied to medical images and videos. During his studies, he developed Gradio (https://github.com/gradio-app/gradio), an open source Python library for creating GUIs for machine learning models. On December 21, 2021, Hugging Face announced its acquisition of Gradio.
 

  
 

   

   To understand how Gradio works, consider an example. Suppose that you have a function named transform_image() that accepts an image and returns the same image in grayscale format:
 

  
 

   

    

    from skimage.color import rgb2gray



def transform_image(img):

    return rgb2gray(img)
  

   
 

  
 

   

   To try this function, you must write your own UI to accept an image from the user; then, when the image is converted to grayscale, you must display the image to the user. Gradio greatly simplifies the process: it creates a web-based UI that allows users to drag and drop an image and then displays the converted image. The following code snippet shows how Gradio binds to the transform_image() function:
 

  
 

   

    

    import gradio as gr



demo = gr.Interface(fn = transform_image,

                    inputs = gr.Image(),

                    outputs = "image")

demo.launch()
  

   
 

  
 

   

   When you run this code, Gradio hosts your code on the local machine and creates a UI (see figure 1.7).
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Figure 1.7 Gradio provides a customizable UI for your machine learning projects.



  
 

   

   Drop an image on the left side of the page, and click the Submit button to send the image to the transform_image() function. The result is displayed on the right side of the page. Figure 1.8 shows my image after conversion to grayscale.
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Figure 1.8 Viewing the result of the converted image



  
 

   

   I will talk more about Gradio throughout this book. In the upcoming chapters, you will learn various ways to customize Gradio’s look and feel.
 

  
 

   

   
1.4 Understanding the Hugging Face mental model
 

  
 

   

   As you have seen, Hugging Face isn’t just a model repository. It’s also a complete AI pipeline that systematically moves users from problem to solution.
 

  
 

   

   Think of Hugging Face as the world’s largest AI model library combined with an execution platform. Every day, millions of developers, researchers, and businesses follow this basic pattern to go from having an AI problem to getting results.
 

  
 

   

   Figure 1.9 shows a visual mental model of Hugging Face’s core process: taking users from an AI model to a result. This process happens millions of times daily across the platform.
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Figure 1.9 A visual mental model showing Hugging Face’s core process



  
 

   

   In the following sections, I explain the mental process a user follows to solve a problem with Hugging Face.
 

  
 

   

   
1.4.1 Step 1: User need
 

  
 

   

   Everything starts with a specific problem. A developer sits at their computer thinking, “I need to classify this customer review as positive or negative” or “I need to translate this text from English to French.” This problem isn’t abstract; it’s a concrete business need with real data waiting to be processed.
 

  
 

   

   
1.4.2 Step 2: Model Hub discovery
 

  
 

   

   The user heads to Hugging Face’s Model Hub, which contains more than 1 million pretrained models. This hub isn’t a dumping ground; it’s a sophisticated search and filtering system. Users can search by task (such as sentiment analysis, translation, or image classification), model architecture (such as BERT, GPT, or ResNet), language, or performance metrics. The platform guides users from “I have a problem” to “Here’s the specific model that solves it.”
 

  
 

   

   
1.4.3 Step 3: Model card
 

  
 

   

   This step is where Hugging Face shines. Every model comes with a detailed model card that serves as both documentation and gateway. The card contain use examples (such as copy-and-paste code snippets), performance benchmarks, training details, and information about using the model. The model card is the bridge between discovery and implementation.
 

  
 

   

   
1.4.4 Step 4: Two execution paths
 

  
 

   

   At this point, users choose their adventure:
 

  
 

   

   	
Path A: Hosted Inference API—This option is the faster route. Users can send HTTP requests directly to Hugging Face’s servers, which host the models in graphics processing unit (GPU) clusters. No setup is required; send your text in a POST request and get JSON results. This path handles millions of API calls daily and autoscales based on demand.
 

   	
Path B: Direct download—This option is for users who want to run models locally or integrate them into their own infrastructure. Behind the scenes, this path uses Git Large File Storage (LFS) to handle multigigabyte model files. Users download the model weights and configuration files and run them using the Transformers library.
 

  
 

   

   
1.4.5 Step 5: Results delivered
 

  
 

   

   Both paths converge where the user gets their answer. The sentiment classifier returns {"label": "POSITIVE", "score": 0.9998}, and the user’s problem is solved. Mission accomplished.
 

  
 

   

   Summary
 

  
 

   

   	Hugging Face is a complete AI problem-solving pipeline that systematically moves users from problem to solution.
 

   	The Transformers library is a Python package that contains open source implementation of the Transformer architecture models for text, image, and audio tasks.
 

   	In Hugging Face’s Transformers library, a pipeline is a high-level, user-friendly API that simplifies the process of building and using complex NLP workflows.
 

   	The Hugging Face Hub’s Models page hosts many pretrained models for a wide variety of machine learning tasks.
 

   	Gradio is a Python library that creates a web UI you can use to bind to your machine learning models, making it easy to test your models without building the UI.
 

  


 

   

   
2 Getting started

 

  
 

   

   
This chapter covers

 

    

    	Using Anaconda
 

    	Creating virtual environments with conda
 

    	
Using GPU in the pipeline() function

 

    	Using the Hugging Face Hub package
 

   
 

  
 

   

   In chapter 1, you saw some of the exciting projects you will be creating throughout this book using the Hugging Face pretrained models and services such as AutoTrain. The main programming language you’ll be using is Python, and you’ll also be using my favorite IDE, Jupyter Notebook. Jupyter Notebook is an open source web application that allows you to create and share documents containing live code, equations, visualizations, and narrative text. It’s widely used in data science, scientific research, machine learning, and education due to its interactive and exploratory nature. In the following sections, you’ll learn how to set up Jupyter Notebook and create a virtual environment to work with all the examples in this book.
 

  
 

   

   
2.1 Downloading Anaconda
 

  
 

   

   The easiest way to install Jupyter Notebook is to download Anaconda, a distribution of Python and R programming languages that comes with a set of preinstalled libraries and tools commonly used in data science, machine learning, and scientific computing. It includes the conda package manager, which simplifies package management and environment creation. Jupyter Notebook is one of the core components of Anaconda. Therefore, installing Anaconda gives you access not only to Jupyter Notebook but also to many commonly used packages.
 

  
 

   

   To obtain Anaconda (free for personal use), go to https://www.anaconda.com/download/success. Then click the download icon for your operating system (see figure 2.1). When the installer is downloaded, double-click the installer, and follow the onscreen instructions to install Anaconda on your computer.
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Figure 2.1 Downloading Anaconda for the three major platforms: Windows, macOS, and Linux



  
 

   

   
2.1.1 Creating virtual environments
 

  
 

   

   With Anaconda downloaded and installed, you are ready to start using it. But before you launch Jupyter Notebook and start writing code, I recommend that you create a virtual environment—a self-contained environment that allows you to install and manage Python packages separately from your systemwide Python installation. It’s a useful tool for isolating dependencies and managing different project requirements.
 

  
 

   

   To create a virtual environment, launch Terminal (macOS) or Anaconda Prompt (Windows). Figure 2.2 shows how to launch Anaconda Prompt in Windows.
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Figure 2.2 Launching Anaconda Prompt in Windows



  
 

   

    

    Anaconda Prompt vs. command prompt
 

   
 

    

    For Windows users, Anaconda Prompt looks just like the usual command prompt. In fact, they are the same, with one notable exception: Anaconda Prompt has the Anaconda environment variables and paths already set up. This means that when you open Anaconda Prompt, it’s ready to use the Python interpreter, conda package manager, and other tools without additional configuration.
 

   
 

  
 

   

   Next, use the conda command to create a new virtual environment, as follows:
 

  
 

   

    

    $ conda create -n HuggingFaceBook python=3.11 anaconda
  

   
 

  
 

   

   This command creates a virtual environment named HuggingFaceBook in Python 3.11. It also includes the Anaconda distribution. You’ll be prompted to install the various packages (see figure 2.3). Type Y, and press Enter.
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Figure 2.3 Creating a new virtual environment and installing all the required packages



  
 

   

    

    Anaconda distribution
 

   
 

    

    The Anaconda distribution is a comprehensive package manager, environment manager, and Python distribution designed to simplify package management and deployment of Python and R data science and machine learning applications. It includes popular libraries such as NumPy, pandas, Matplotlib, scikit-learn, TensorFlow, PyTorch, and Jupyter Notebook.
 

   
 

  
 

   

   When the installation is done, activate (switch to) the virtual environment using the conda activate command:
 

  
 

   

    

    $ conda activate HuggingFaceBook
  

   
 

  
 

   

   This command activates the HuggingFaceBook virtual environment. When you have switched to a particular virtual environment, Terminal or Anaconda Prompt prefixes the prompt with the environment name (see figure 2.4).
 

  
 

    

   [image: A screenshot of a computer  Description automatically generated] 

   
Figure 2.4 The virtual environment name prefixes the prompt.



  
 

   

   
2.1.2 Starting Jupyter Notebook
 

  
 

   

   After you create a virtual environment, you are ready to launch Jupyter Notebook. I prefer to launch it via Terminal or Anaconda Prompt.
 

  
 

   

   In Terminal, start by creating a folder in which you want to save your projects. Let’s call this folder HF_Projects:
 

  
 

   

    

    (HuggingFaceBook) weimenglee@WeiMengacStudio ~ % mkdir HF_Projects
  

   
 

  
 

   

   Then change the current directory to the new one:
 

  
 

   

    

    (HuggingFaceBook) weimenglee@WeiMengacStudio ~ % cd HF_Projects
  

   
 

  
 

   

   To launch Jupyter Notebook, type jupyter notebook:
 

  
 

   

    

    (HuggingFaceBook) weimenglee@WeiMengacStudio HF_Projects % jupyter notebook
  

   
 

  
 

   

   The web browser launches and displays Jupyter Notebook’s main page (see figure 2.5).
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Figure 2.5 The web browser displays Jupyter Notebook’s main page.



  
 

   

   To create a notebook, click the New button and then click Notebook on the menu (see figure 2.6).
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Figure 2.6 Creating a notebook



  
 

   

   A new Untitled tab appears. (If you don’t see it, your web browser may be blocking pop-up windows; clicking the address bar should reveal the tab.) Choose the Python 3 (ipykernel) option from the pull-down menu (see figure 2.7), and click the Select button. You should see the notebook, ready for you to start coding (see figure 2.8).
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Figure 2.7 Selecting a kernel for your notebook
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Figure 2.8 The notebook is ready to use.



  
 

   

   TIP If you are new to Jupyter Notebook, I suggest that you check out the official documentation at https://mng.bz/eB4P.
 

  
 

   

   Finally, rename the notebook by clicking the default filename and entering a new name for your notebook in the Rename File dialog box (see figure 2.9). For this example, enter Chapter 2.ipynb. Click Rename when you’re done. The Chapter 2.ipynb file is saved in the HF_Projects directory.
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Figure 2.9 Renaming your notebook



  
 

   

   
2.2 Installing the Transformers library
 

  
 

   

   In this book, you will use the Hugging Face Transformers library extensively. The Transformers library, an open source library developed by Hugging Face, provides an easy-to-use interface for working with state-of-the-art pretrained models for various natural language processing (NLP) tasks such as text classification, named entity recognition (NER), text generation, and question answering. In chapter 3, I discuss the Transformers library in more detail. For now, it’s a good idea to install it. You can install the transformers Python package directly in Jupyter Notebook using the following statement:
 

  
 

   

    

    !pip install transformers
  

   
 

  
 

   

   If you prefer, you can install it in Terminal or Anaconda Prompt using the following command:
 

  
 

   

    

    $ pip install transformers
  

   
 

  
 

   

   
2.2.1 Support for GPU
 

  
 

   

   In Hugging Face, you use the Transformers library to perform various machine learning tasks such as NLP and image recognition. Behind the scenes, the library is primarily built on PyTorch, a popular deep learning framework developed primarily by Facebook AI Research (FAIR). It uses PyTorch’s capabilities to build neural network architectures, train models, and optimize performance on tasks related to NLP.
 

  
 

   

   NOTE The Transformers library also supports TensorFlow, a widely used deep learning framework developed by Google. This support allows users to use the capabilities of the Transformers library in their TensorFlow-based workflows, enabling tasks related to NLP and other machine learning tasks. This book focuses on using the Transformers library with PyTorch.
 

  
 

   

   PyTorch’s notable feature is its graphics processing unit (GPU) support, which enables smooth integration with Nvidia’s Compute Unified Device Architecture (CUDA), a parallel computing platform and programming model designed for GPUs. This support allows PyTorch to use CUDA to enable GPU acceleration for computations. PyTorch can offload tensor operations and computations to the GPU, significantly speeding training and inferencing for deep learning models. Best of all, PyTorch’s API can automatically handle the details of moving data between CPU and GPU memory as needed. Finally, PyTorch supports model parallelism, allowing you to split large models across multiple GPUs. This support allows large models that can’t fit into a single GPU to be distributed across GPUs.
 

  
 

   

   If you have a CUDA-supported GPU, you should use it to speed your training and inferencing tasks. To do so, you need to install PyTorch (plus a few other packages) from a location that contains the PyTorch wheels compatible with CUDA. The following command installs the torch (PyTorch), torchvision, and torchaudio packages from https://download.pytorch.org/whl/cu121:
 

  
 

   

    

    $ pip install torch torchvision torchaudio 

--index-url https://download.pytorch.org/whl/cu121 -U
  

   
 

  
 

   

   When the packages are installed, you can test them to see whether your GPU is supported. In Jupyter Notebook, you can use the following statements to check whether CUDA is available on your system:
 

  
 

   

    

    import torch

print(torch.cuda.is_available())
  

   
 

  
 

   

   If you get a True response, your system supports CUDA. The following code listing prints more information about the GPU you have in your system.
 

  
 

   

   Listing 2.1 Using the torch package to find details on your GPU
 

    

    import torch

use_cuda = torch.cuda.is_available()



if use_cuda:

    print('__CUDNN VERSION:', torch.backends.cudnn.version())

    print('__Number CUDA Devices:', torch.cuda.device_count())

    print('__CUDA Device Name:', torch.cuda.get_device_name(0))

    print('__CUDA Device Total Memory [GB]:',

          torch.cuda.get_device_properties(0).total_memory/1e9)
  

   
 

  
 

   

   On my laptop, which is equipped with an Nvidia RTX 4060 GPU, the preceding code produces this result:
 

  
 

   

    

    __CUDNN VERSION: 8801

__Number CUDA Devices: 1

__CUDA Device Name: NVIDIA GeForce RTX 4060 Laptop GPU

__CUDA Device Total Memory [GB]: 8.585216
  

   
 

  
 

   

   You can also use the GPUtil package to find details about your GPU, such as total number of GPUs, utilization load, temperature, and memory used. First, install GPUtil with the pip command:
 

  
 

   

    

    !pip install GPUtil
  

   
 

  
 

   

   The following statements get the number of available GPUs on your system via the getAvailable() method:
 

  
 

   

    

    import GPUtil



GPUtil.getAvailable()
  

   
 

  
 

   

   For my system, which has one GPU, this code returns the following result:
 

  
 

   

    

    [0]
  

   
 

  
 

   

   You can retrieve information about each GPU in your system by using the getGPUs() method. Iterate through GPUs to fetch details such as name, utilization, memory use, temperature, and total memory, as shown in the following listing.
 

  
 

   

   Listing 2.2 Using the GPUtil package to get details on each GPU
 

    

    import GPUtil



gpus = GPUtil.getGPUs()



for gpu in gpus:

    print("GPU ID:", gpu.id)

    print("GPU Name:", gpu.name)

    print("GPU Utilization:", gpu.load * 100, "%")

    print("GPU Memory Utilization:", gpu.memoryUtil * 100, "%")

    print("GPU Temperature:", gpu.temperature, "C")

    print("GPU Total Memory:", gpu.memoryTotal, "MB")
  

   
 

  
 

   

   
2.2.2 Using GPU in the pipeline object
 

  
 

   

   For the pipeline object to use the GPU, you need to explicitly specify the device parameter when calling the pipeline() function. The following code snippet shows the pipeline() function using the first (or single) GPU in your system:
 

  
 

   

    

    from transformers import pipeline

question_classifier = pipeline("text-classification",

                               model="huaen/question_detection",

                               device = 0)
  

   
 

  
 

   

    

    Transformers pipeline
 

   
 

    

    In Hugging Face’s Transformers library, a pipeline is a high-level, user-friendly API that simplifies the process of building and using complex NLP workflows. A pipeline makes it easy to perform a sequence of NLP tasks—such as text classification, NER, translation, and summarization—in a few lines of code.
 

   
 

    

    The preceding code sample creates a pipeline object that performs question classification. It takes in a string and returns a result indicating whether the string presented is a question.
 

   
 

  
 

   

   Besides specifying a number for the device parameter to specify that you want to use the GPU for processing, you can set it to a string. You could rewrite the preceding statement this way:
 

  
 

   

    

    question_classifier = pipeline("text-classification",

                               model="huaen/question_detection",

                               device = "cuda:0")  #1
 

    

     #1 cuda:0 refers to the first GPU in your system.

     


    
 

   
 

  
 

   

   On a Mac, you can accelerate Hugging Face pipelines by using Apple’s Metal Performance Shaders (MPS) for faster inference on Apple silicon. Set device to "mps:0":
 

  
 

   

    

    question_classifier = pipeline("text-classification",

                               model="huaen/question_detection",

                               device = "mps:0")            
  

   
 

  
 

   

   Table 2.1 shows the values you can use for the device parameter.
 

  
 

   

   Table 2.1 Values for the device parameter in the pipeline() function
 

    

     

      

      

      

     

     

      

      	 Numeric value
  

      	 String value
  

      	 Description
  

     
 

     

     

      

      	 -1
  

      	 "cpu"
  

      	 Uses the CPU for processing. The CPU is the default device to use for the pipeline() function.
  

     
 

      

      	 0
  

      	 "cuda"
 "cuda:0"
  

      	 Uses the single/first GPU in your system. 
  

     
 

      

      	 1
  

      	 "cuda:1"
  

      	 Uses the second GPU in your system.
  

     
 

      

      	 n
  

      	 "cuda:n"
  

      	 Uses the (n+1)th GPU in your system.
  

     
 

      

      	 0
  

      	 "mps:0"
  

      	 Refers to the MPS backend in PyTorch, which allows machine learning models to run on Apple’s built-in GPU (M1, M2, and M3 chips).
  

     
 

     

   
 

  
 

   

   If you’re not sure whether your pipeline object uses the CPU or GPU, you can print it by using the device.type attribute:
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