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    introduction
 
  
 
   
   Sebastian Raschka's bestselling book Build a Large Language Model (From Scratch) is the best way to learn how Large Language Models function. With over 350 pages in seven chapters and five appendixes, it guides you step-by-step in building an entire large language model similar to GPT-2. It uses Python and the PyTorch deep learning library. It's a unique way to learn this subject, which some believe is the only way to truly learn: you build a model yourself.
 
  
 
   
   Even with the clear explanations, diagrams and code in the book, learning a complex subject is still hard. This Test Yourself guide intends to make it a little easier. The structure mirrors the structure of Build a Large Language Model (From Scratch), focusing on key concepts from each chapter. You can test yourself with multiple-choice quizzes, questions on code and key concepts, and questions with longer answers that push you to think critically. The answers to all questions are provided.
 
  
 
   
   How This Guide Helps Your Learning
 
  
 
   
   Depending on what you know at any point, this Test Yourself guide can help you in different ways. It will solidify your knowledge if used after reading a chapter. But it will also benefit you if you use it before reading, when you encounter the key terms and their relationships you are primed to navigate a chapter more easily and be ready for its messages.
 
  
 
   
   We recommend using it before and after reading, as well as later when you have started forgetting. Repeated learning solidifies our knowledge and integrates it with related knowledge already in our long-term memory.
 
  
 
   
   Why Practice Problems Matter in LLM Development
 
  
 
   
   Building large language models involves mastering intricate concepts that span mathematics, computer science, and engineering. From understanding attention mechanisms to implementing efficient training loops, each component requires both theoretical knowledge and practical implementation skills. The challenge isn't just learning these concepts, it’s retaining them and being able to apply them when building real systems.
 
  
 
   
   This is where deliberate practice through targeted questions becomes invaluable. By actively engaging with the material through varied question types, you move beyond passive reading to active recall and application. The multiple-choice questions test your grasp of fundamental concepts. The code-focused problems ensure you can translate theory into working implementations. The longer-form questions push you to synthesize knowledge across topics and think like an LLM developer facing real-world challenges.
 
  
 
   
   Getting the Most from This Guide
 
  
 
   
   Whether you're a working engineer integrating LLMs into production systems, or a researcher deepening your practical skills, this guide meets you where you are. Each question is crafted to reinforce the specific learning objectives from the corresponding chapter in Build a Large Language Model (From Scratch).
 
  
 
   
   Work through the questions honestly. Resist the urge to peek at answers too quickly. The struggle to recall and reason through problems is where the deepest learning happens. When you encounter a question you can't answer, that's valuable feedback about where to focus your study efforts.
 
  
 
   
   When you encounter a question you can't answer, that's your signal to return to the relevant section in the main book. When answer explanations reference "see section 3.2" or "as shown in figure 4.1," you'll know exactly where to look for the complete context.
 
  
 
   
   Most importantly, use this guide as intended: as a companion to comprehensive learning. While these practice problems will strengthen your understanding, they're designed to work alongside the complete theoretical foundations and step-by-step implementations that make Build a Large Language Model (From Scratch) the definitive resource for understanding how these systems work.
 
  
 
   
   Ready to test your knowledge and deepen your expertise? Make sure you have Build a Large Language Model (From Scratch) at hand, then let's begin.
 
  

 
   
   1 Understanding large language models
 
  
 
   
   Chapter 1 provides a high-level introduction to large language models (LLMs), exploring their applications, building stages, and the underlying transformer architecture. The chapter discusses the concept of pretraining and fine-tuning, which are two crucial steps in developing effective LLMs. It introduces the transformer architecture and its key components, including the encoder and decoder modules, as well as the self-attention mechanism. The chapter also provides a plan for building an LLM from scratch, outlining the three stages involved: data preparation and sampling, attention mechanism implementation, and pretraining on unlabeled data to obtain a foundational model for further fine-tuning.
 
  
 
   
   All the answers to the questions can be found at the end of this document.
 
  
 
   
   Quick questions on main concepts
 
  
 
   
   	What is the primary difference between deep learning and traditional machine learning in the context of LLMs?
     
     	Deep learning is better suited for handling structured data, while traditional machine learning is better for unstructured data.
 
     	Deep learning does not require manual feature extraction, while traditional machine learning does.
 
     	Deep learning is more accurate than traditional machine learning for all tasks.
 
     	Deep learning is more computationally efficient than traditional machine learning.
 
    

  
   	What is the primary function of a large language model (LLM)?
     
     	To analyze and interpret images.
 
     	To predict future events.
 
     	To understand, generate, and respond to human-like text.
 
     	To control and operate robots.
 
    

  
   	What is the main advantage of using custom-built LLMs over general-purpose LLMs?
     
     	They can outperform general-purpose LLMs in specific tasks or domains.
 
     	They are more versatile and can be used for a wider range of tasks.
 
     	They are more efficient in handling large datasets.
 
     	They are less expensive to train.
 
    

  
   	What is the significance of the "transformer" architecture in LLMs?
     
     	It provides a faster processing speed for large datasets.
 
     	It allows the model to selectively focus on different parts of the input text when making predictions.
 
     	It enables the model to learn from unlabeled data.
 
     	It allows the model to translate languages without specific training.
 
    

  
   	What is the main purpose of pretraining an LLM?
     
     	To fine-tune the model for specific tasks.
 
     	To evaluate the model's performance on various tasks.
 
     	To create a model that can translate languages.
 
     	To develop a broad understanding of language by training on a large, diverse dataset.
 
    

  
  
 
   
   Questions by chapter section
 
  
 
   
   Now we’ll move through the chapter in more detail.
 
  
 
   
   1.1 What is an LLM?
 
  
 
   
   	What is a large language model (LLM) and how does it work?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	2. What is the significance of the 'large' in 'large language model'?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	3. How do LLMs relate to generative AI?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	4. Label this diagram:
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   	Fill the table with the label descriptions:
 
  
 
   
    
     
      
      	   Label 
 
  
      	   Description 
 
  
     
 
      
      	  1  
  
      	     
 
  
     
 
      
      	  2  
  
      	     
 
  
     
 
      
      	  3  
  
      	     
 
  
     
 
     
   
 
  
 
   
   	5. What is the difference between traditional machine learning and deep learning in terms of feature extraction?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	6. Match the terms to its description on the right:
 
  
 
   
    
     
      
      	   Large Language Model (LLM) 
 
  
      	     
 
  
      	  A subset of machine learning that uses deep neural networks to model complex patterns and abstractions in data. 
  
     
 
      
      	   Transformer 
 
  
      	     
 
  
      	  A type of artificial intelligence that can create new content, such as text, images, or audio. 
  
     
 
      
      	   Generative AI 
 
  
      	     
 
  
      	  An architecture used in LLMs that allows them to pay selective attention to different parts of the input when making predictions, making them adept at handling the nuances of human language. 
  
     
 
      
      	   Deep Learning 
 
  
      	     
 
  
      	  A type of artificial intelligence that uses deep learning to understand, generate, and respond to human-like text. 
  
     
 
     
   
 
  
 
   
   	Fill the table with the column mappings:
 
  
 
   
    
     
      
      	   Left Hand 
  Column 
 
  
      	  1 
  
      	  2 
  
      	  3 
  
      	  4 
  
     
 
      
      	   Right Hand Column 
 
  
      	     
 
  
      	     
 
  
      	     
 
  
      	     
 
  
     
 
     
   
 
  
 
   
   1.2 Applications of LLMs
 
  
 
   
   	What are some of the key applications of LLMs in various domains?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	2. How do LLMs contribute to the development of chatbots and virtual assistants?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	3. Explain the role of LLMs in knowledge retrieval from specialized fields.
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	4. What is the potential impact of LLMs on our relationship with technology?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	5. Match the terms on the left to its description on the right:
 
  
 
   
    
     
      
      	   Natural Language Processing 
 
  
      	    
  
      	  a field of computer science that focuses on enabling computers to understand and process human language. 
  
     
 
      
      	   Machine Translation 
 
  
      	    
  
      	  computer programs designed to simulate conversation with human users. 
  
     
 
      
      	   Chatbots 
 
  
      	    
  
      	  the process of extracting relevant information from large amounts of data. 
  
     
 
      
      	   Knowledge Retrieval 
 
  
      	    
  
      	  the automatic translation of text from one language to another. 
  
     
 
     
   
 
  
 
   
   	Fill the table with the column mappings:
 
  
 
   
    
     
      
      	   Left Hand 
  Column 
 
  
      	  1 
  
      	  2 
  
      	  3 
  
     
 
      
      	   Right Hand Column 
 
  
      	     
 
  
      	     
 
  
      	     
 
  
     
 
     
   
 
  
 
   
   1.3 Stages of building and using LLMs
 
  
 
   
   	What are the main advantages of building custom LLMs compared to using general-purpose LLMs like ChatGPT?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	2. Describe the two-stage training process involved in creating an LLM.
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	3. What is the purpose of pretraining an LLM, and what type of data is used in this stage?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	4. Explain the concept of self-supervised learning in the context of pretraining LLMs.
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	5. What are the two main categories of fine-tuning LLMs, and how do they differ in terms of the labeled data used?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	6. Match the term on the left to its description on the right:
 
  
 
   
    
     
      
      	   Pretraining 
 
  
      	     
 
  
      	  A type of fine-tuning where the labeled dataset consists of instruction and answer pairs, such as a query to translate a text accompanied by the correctly translated text. 
  
     
 
      
      	   Fine-tuning 
 
  
      	     
 
  
      	  A type of fine-tuning where the labeled dataset consists of texts and associated class labels, for example, emails associated with "spam" and "not spam" labels. 
  
     
 
      
      	   Instruction Fine-tuning 
 
  
      	     
 
  
      	  The process of further training a pretrained LLM on a narrower dataset that is more specific to particular tasks or domains. 
  
     
 
      
      	   Classification Fine-tuning 
 
  
      	     
 
  
      	  The initial phase of training an LLM on a large, diverse dataset to develop a broad understanding of language. 
  
     
 
     
   
 
  
 
   
   	Fill the table with the column mappings:
 
  
 
   
    
     
      
      	   Left Hand 
  Column 
 
  
      	  1 
  
      	  2 
  
      	  3 
  
      	  4 
  
     
 
      
      	   Right Hand Column 
 
  
      	     
 
  
      	     
 
  
      	     
 
  
      	     
 
  
     
 
     
   
 
  
 
   
   1.4 Introducing the transformer architecture
 
  
 
   
   	What is the transformer architecture and what is its significance in the development of LLMs?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	2. Which label in the diagram does the output of the Embeddings stage go to?
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   	3. Describe the two main components of the transformer architecture and their roles in language processing.
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	4. What is the self-attention mechanism and how does it contribute to the transformer's effectiveness?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	5. Explain the key differences between BERT and GPT models in terms of their training approaches and primary applications.
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	6. What are zero-shot and few-shot learning, and how do they relate to GPT models?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   1.5 Utilizing large datasets
 
  
 
   
   	What are the key characteristics of the training datasets used for large language models like GPT-3 and BERT?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	2. Explain the significance of the size and diversity of the training dataset for the performance of large language models.
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	3. What is the concept of 'tokenization' in the context of large language models?
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	4. Describe the concept of 'pretraining' in the context of large language models and its significance.
 
  
 
   
    
     
      
      	     
 
     
 
  
     
 
     
   
 
  
 
   
   	5. Explain the concept of 'fine-tuning' in the context of large language models and its advantages.
 
  
 
   
    
     
      
      	  6.       
 
  7.       
 
  
     
 
     
   
 
  
 
   
   	8. Match the term on the left to its description on the right:
 
  
 
   
    
     
      
      	   Encoder 
 
  
      	    
  
      	  The ability of a model to generalize to completely unseen tasks without any prior specific examples. 
  
     
 
      
      	   Decoder 
 
  
      	    
  
      	  The part of the transformer architecture that takes the encoded vectors from the encoder and generates the output text. 
  
     
 
      
      	   Self-attention mechanism 
 
  
      	    
  
      	 The part of the transformer architecture that processes the input text and encodes it into a series of numerical representations or vectors that capture the contextual information of the input.
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