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Understanding, Designing, and Deploying Retrieval-Augmented Generation Systems


Large language models are powerful, but they hallucinate, their knowledge is frozen in time, and they cannot natively access private or proprietary information. Retrieval-Augmented Generation (RAG) addresses all of these problems by combining external knowledge retrieval with language model generation. This book takes you from the foundational concepts behind RAG through every design decision that matters in production: embeddings, chunking, indexing, hybrid search, reranking, context construction, generation control, evaluation, security, and system architecture. You will understand not only what each component does, but why it exists, how it works internally, the trade-offs between competing approaches, and when each technique is appropriate. Through complete runnable code examples and practical guidance, this book functions both as a first-principles textbook and a reference you will use when building real systems.







Chapter 1: Why RAG? The Case for Retrieval-Augmented Generation


The Knowledge Problem with Language Models


In early 2023, a customer support engineer named Maya was testing a new AI assistant for her company. The product documentation had just been updated with new pricing tiers and feature limits. Maya asked the assistant: “What is the rate limit for API calls on the Pro plan?”




The assistant answered confidently. It gave a specific number. The number was wrong. Worse, the wrong number was plausible enough that a customer who read the response would have accepted it as correct. The assistant had no way to know about the updated pricing tiers because its knowledge was frozen at the time of its training. It had hallucinated a reasonable-sounding answer from its parametric memory instead of admitting ignorance.




This is not an isolated incident. It is the fundamental limitation of using pretrained language models for knowledge-intensive tasks. Language models store what they learned during training inside their neural network weights. This is called parametric memory. Once training ends, that knowledge is fixed. The model cannot access new information, private data, or domain-specific knowledge that it did not see during training. When asked about things it does not truly know, it fills in gaps with plausible-sounding text. This behavior is called hallucination.




These problems are not bugs. They are structural consequences of how language models work. They cannot be solved by prompting alone, and they are difficult to solve by fine-tuning. Retrieval-Augmented Generation exists to address these problems directly.





A Simple Example: What Goes Wrong Without Retrieval


Consider a straightforward task: answering questions about a company’s internal policies. You have a fine-tuned or instruction-tuned language model. You ask it about your company’s vacation policy.




What happens depends on whether your company’s policies were part of the model’s training data, which they almost certainly were not. The model will generate something that looks like a vacation policy. It will be grammatically correct. It will sound professional. It will probably be completely wrong for your organization.




Now consider a different scenario. You have a medical question-answering system that needs to answer patient questions based on clinical guidelines. Medical guidelines change regularly. New evidence emerges. Treatment protocols are updated. A model trained on data from two years ago may recommend outdated practices. This is not just inconvenient. In domains like medicine, finance, or law, it can be dangerous.




The core problem is the same in both cases: the model’s knowledge is disconnected from the actual information it should be using. The model is a very sophisticated text predictor. It has absorbed patterns from vast amounts of text. But it is not a knowledge base. It does not have a mechanism to look up facts and cite sources. It generates text based on statistical patterns in its training data.




Without retrieval, you have three options for dealing with this problem:





	
Hope the answer is in the training data. This fails for private, specialized, or recently changed information.



	
Fine-tune the model on your data. This is expensive, slow to update, and tends to overwrite general capabilities while adding only partial domain knowledge.



	
Accept hallucination as a feature and add disclaimers. This works for creative tasks but not for tasks requiring factual accuracy.








RAG offers a fourth option: give the model access to external knowledge at inference time, and instruct it to use that knowledge to answer the question.





The Core Idea of RAG in One Sentence


Retrieval-Augmented Generation works by retrieving relevant documents or passages from an external knowledge source and including them as context when the language model generates its answer.




That is the entire idea. A query comes in. The system searches an external knowledge source and finds relevant documents. Those documents are added to the prompt. The model reads the documents and generates an answer based on them. The system returns the answer.




This deceptively simple architecture solves multiple problems simultaneously:





	
Knowledge freshness. The knowledge base can be updated independently of the model. New documents are indexed and immediately available without retraining.



	
Factual grounding. When the model answers from retrieved documents, its responses are anchored in actual evidence. It can cite sources. Users can verify answers.



	
Private and proprietary data. Organizations can index their own documents, databases, and knowledge bases without training or fine-tuning a model.



	
Traceability. Each answer can be traced back to specific source documents. This is essential for compliance, auditing, and debugging.



	
Cost efficiency. RAG is typically far cheaper than fine-tuning or continuously retraining models. You pay per query for retrieval and generation, not for expensive training runs.








The original RAG paper by Lewis and colleagues at Meta published in 2020 coined the term and demonstrated the approach for knowledge-intensive natural language processing tasks [1]. The paper introduced a model architecture that combined a seq2seq language model with a dense retrieval component operating over a Wikipedia index. The retrieved documents were used as additional context during generation. The authors showed that this approach outperformed both pure parametric models and retrieve-then-extract architectures.




What has changed since 2020 is the scale and sophistication of language models. When the original RAG paper was published, language models were far smaller and less capable. Today’s foundation models have dramatically better instruction-following, longer context windows, and stronger reasoning abilities. RAG has evolved from a research curiosity into a foundational architecture pattern for building knowledge-grounded AI systems. The basic idea is unchanged, but the implementation details have matured into a rich design space with many competing approaches and trade-offs.





What This Book Will Teach You


This book is designed for engineers and technical leaders who need to build RAG systems that work reliably in production. It assumes you are comfortable writing code and have basic familiarity with machine learning concepts, but it does not assume prior expertise with RAG, embeddings, vector databases, or information retrieval.




The book is organized as a learning path from foundations to mastery:





	
Chapters 2 through 9 build the theoretical and practical foundations. You will learn why language models need retrieval, how information retrieval works, how embeddings encode text as vectors, how similarity search operates at scale, how to process documents and split them into chunks, and how to construct indexes.



	
Chapters 10 through 13 cover the core retrieval and generation steps in detail: query transformation, hybrid search, reranking, context construction, prompt design, and generation control.



	
Chapter 14 walks through a complete naïve RAG implementation from end to end, with runnable code. This is the first point where you can build a working system.



	
Chapters 15 through 21 explore advanced architectures: modular RAG, hierarchical retrieval, multi-hop and agentic RAG, GraphRAG, conversational RAG, multimodal RAG, long-context approaches, and structured data retrieval.



	
Chapters 22 and 23 cover evaluation and debugging: how to measure retrieval quality and answer quality, how to detect hallucinations, and how to systematically diagnose failures.



	
Chapter 24 addresses security: prompt injection, data leakage, authorization-aware retrieval, and other RAG-specific vulnerabilities.



	
Chapters 25 and 26 cover production concerns: architecture patterns, scalability, latency, cost, monitoring, deployment, and operations.



	
Chapter 27 presents case studies showing how RAG design decisions vary across different domains and workloads.



	
Chapter 28 synthesizes the material and provides a decision framework for navigating the RAG design space.








Every technical concept is explained from first principles. Before introducing a framework or library, I explain what it is abstracting so you understand the underlying mechanism. Code examples are complete and runnable, not fragmented snippets. They progress from simple demonstrations of mechanics to production-oriented implementations.




By the end of this book, you will be able to:





	
Explain why RAG exists and when it is the appropriate solution versus alternatives like fine-tuning or long-context models.



	
Design and implement a complete RAG pipeline from ingestion to generation.



	
Make informed choices about chunking strategies, embedding models, vector databases, retrieval algorithms, and rerankers.



	
Implement advanced patterns like hybrid search, hierarchical retrieval, and agentic RAG when basic RAG is insufficient.



	
Evaluate RAG systems systematically using quantitative metrics and debugging techniques.



	
Identify and mitigate security vulnerabilities specific to RAG architectures.



	
Design production-grade systems that are scalable, reliable, and cost-effective.








Let us begin with the fundamentals. The next chapter explains in detail why language models, despite their impressive capabilities, cannot be trusted for knowledge-intensive tasks without external retrieval.








Chapter 2: Language Model Limitations and the Need for External Knowledge


To understand why RAG matters, we need to understand what language models actually do and why they fail for knowledge tasks. This chapter systematically explains the limitations of standalone language models: how they store knowledge internally, why they hallucinate, why their knowledge becomes outdated, why fine-tuning is not a general solution, and why retrieval is the most practical approach for grounding models in external knowledge.




How Pretrained Language Models Store Knowledge


When we say a language model “knows” something, we are using shorthand for a precise technical mechanism. The model does not have an internal encyclopedia. It does not have a structured knowledge base. It has billions of numerical parameters organized in layers of neural network operations. These parameters encode statistical patterns learned during training.




During pre-training, a language model is shown vast quantities of text and trained to predict the next token. For example, given the tokens “The capital of France is”, the model learns that the token “Paris” is statistically likely to follow. This learning process adjusts the model’s parameters so that when it sees similar patterns during inference, it produces similar predictions.




The knowledge that emerges from this process is distributed across the parameters. Research has shown that specific facts are often encoded in localized subsets of parameters [2, 3]. Geva and colleagues demonstrated that knowledge about specific entities tends to be stored in specific attention heads and feed-forward layers within transformer models [4]. Meng and colleagues showed that individual facts can be edited by modifying small sets of parameters, suggesting a degree of modularity in how knowledge is represented [5].




This distributed, parametric encoding has important consequences:





	
Knowledge is implicit. There is no query interface for facts stored in parameters. You cannot ask the model “what facts about X do you know?” and get a structured answer. The knowledge is accessed only through the model’s forward computation when prompted.



	
Knowledge is probabilistic. The model predicts likely continuations. If it has seen something multiple times during training, it will be more confident. If it has seen it rarely, it will be less confident but will still generate something. If it has never seen it, it will generate a plausible-sounding answer based on related patterns.



	
Knowledge is compressed and lossy. The model cannot retain everything it saw during training. It retains patterns, generalizations, and high-probability associations. Rare facts, specific details, and nuanced distinctions are often lost or merged with similar concepts.








Consider what this means for a practical task. You ask a model about the terms of service for a specific SaaS product. Unless that product’s terms of service were part of the training data, the model has no access to that information. It will not say “I do not know.” It will generate something that looks like terms of service based on patterns from other terms of service it has seen. The output will be structured, formal, and completely fabricated.




This is the fundamental problem. Language models are text predictors, not knowledge retrievers. They excel at generating fluent, coherent text that matches patterns in their training data. They do not excel at retrieving specific, verifiable facts from a known set of sources.





Hallucinations: Causes and Manifestations


The term “hallucination” in language models refers to the generation of content that is factually incorrect, fabricated, or unsupported by the underlying knowledge or evidence. Hallucinations are not a single phenomenon. Research has identified multiple types and causes [6, 7].




Factual hallucinations occur when the model states something that is objectively false. This includes fabricated dates, incorrect statistics, non-existent events, wrong names, and invented citations. The model may be confident and articulate while being completely wrong.




Faithfulness hallucinations occur when the model deviates from provided context or evidence. In RAG specifically, this is the model generating claims that are not supported by the retrieved documents, even when the documents contain the relevant information. This can happen when the model overwrites retrieved evidence with its own parametric knowledge.




Self-contradictions occur when the model generates statements that contradict each other within the same response. This reveals that the model is not maintaining a consistent internal representation of facts but is generating text that is locally coherent without global consistency.




Confabulated details are plausible but invented specifics added to correct general information. For example, the model might correctly state that a company exists but invent a founding date or headquarters location.




Hallucinations arise from multiple root causes:





	
Statistical generation mechanism. The model’s core objective during training is to predict the next token, not to be factually accurate. Accuracy is an emergent property for facts that appeared frequently in training data. For rare or unknown facts, the model optimizes for fluency, not truth.



	
Training data noise. The training data contains errors, contradictions, and fabricated content. The model cannot distinguish reliable sources from unreliable ones unless explicitly trained to do so.



	
Contextual priming. The model’s output is influenced by the prompt and prior conversation. Leading questions or false premises can cause the model to generate hallucinated content that is consistent with the prompt but false in reality.



	
Confidence miscalibration. The model cannot accurately assess when it does not know something. It generates answers for questions about topics outside its knowledge with similar confidence as answers for well-known topics.








A comprehensive survey by Huang and colleagues identifies hallucinations as arising across the entire model development lifecycle: data collection, model architecture, pre-training, fine-tuning, and inference [6]. They distinguish factuality hallucinations (deviation from ground truth facts) from faithfulness hallucinations (deviation from provided context). This distinction is particularly important for RAG systems, where faithfulness to retrieved context is the primary concern.





The Training Cutoff Problem


Every pretrained language model has a knowledge cutoff: the point in time after which events and information are not represented in its training data. This is not a design choice but a structural necessity. Training data must be collected, cleaned, and processed before training begins. Training runs for weeks or months. The model cannot know about events that have not happened yet.




For a model trained on data collected through mid-2024, all information after that date is unavailable. New research papers, product releases, policy changes, news events, regulatory updates, and market movements are all invisible to the model.




This creates a temporal decay problem. A model’s knowledge becomes less accurate and less relevant over time. For domains with rapidly changing information, this decay is severe:





	
Financial markets and economic data are outdated within days.



	
Software documentation and API specifications change with each release.



	
Medical guidelines and clinical protocols are updated regularly as new evidence emerges.



	
Legal statutes and regulations change with new legislation and court decisions.



	
Technical standards evolve continuously.








Consider a medical question-answering system built on a model with a 2024 knowledge cutoff. By late 2025, treatment protocols may have changed based on new clinical trials. By 2026, additional updates may have occurred. A patient asking about current treatment options receives answers based on outdated evidence. This is not just a convenience issue. In medicine, outdated information can lead to harmful decisions.




The training cutoff problem is intrinsic to any system that relies solely on parametric knowledge. The only ways to address it are:





	
Continuously retrain the model with new data, which is expensive and operationally complex.



	
Fine-tune the model periodically, which is less expensive but still requires training infrastructure and introduces its own problems.



	
Use external retrieval to access current information at inference time.








RAG chooses the third approach. It decouples the model’s core capabilities from the knowledge it needs to answer questions. The model remains unchanged. The knowledge base is updated continuously or on a schedule. New information becomes available through indexing, not retraining.





Parameter-Efficient Knowledge Updating


Given the training cutoff problem, why not continuously fine-tune or retrain models? This is a natural question, and the answer involves practical and theoretical limitations of parameter-efficient knowledge updating.




Fine-tuning adapts a pretrained model to new data by adjusting a subset of its parameters. Parameter-efficient fine-tuning methods like LoRA (Low-Rank Adaptation) freeze most parameters and train small adapter matrices, reducing computational cost significantly compared to full fine-tuning [8].




Fine-tuning works well for certain tasks:





	
Teaching the model a new behavior or style of response.



	
Optimizing the model for a specific domain where training data is abundant and consistent.



	
Improving the model’s ability to follow specific instructions or formats.








Fine-tuning is not ideal for knowledge updating because:





	
Capacity limitations. The model has finite capacity for storing knowledge. Adding new facts can displace or corrupt existing knowledge, a phenomenon called catastrophic forgetting.



	
Grain mismatch. Fine-tuning updates parameters at a global level. Adding specific facts about a narrow topic affects the model’s behavior more broadly, including on unrelated tasks.



	
Update latency. Fine-tuning is slow. Even with parameter-efficient methods, training takes time. For rapidly changing information, this latency is unacceptable.



	
Cost. Fine-tuning requires compute resources and data preparation. For frequently changing data, repeated fine-tuning becomes expensive.



	
Evaluation complexity. Each fine-tuning run must be evaluated to ensure it improved the target knowledge without degrading other capabilities. This requires benchmarking infrastructure.








Research comparing fine-tuning and RAG for knowledge injection consistently shows that RAG outperforms fine-tuning for rare and infrequent facts, particularly long-tail queries where the model’s parametric memory is weak [9, 10]. One widely cited study tested twelve language models and found that RAG significantly outperformed fine-tuning on facts that appeared rarely in training data.




This makes sense given the underlying mechanisms. Fine-tuning encodes knowledge parametrically, subject to the same limitations as pre-training. RAG keeps knowledge external and non-parametric, accessible through retrieval. External knowledge can be updated instantly by updating the knowledge base, without modifying any model parameters.





Why Finetuning Alone Is Not Enough


In practice, the choice between RAG and fine-tuning is not binary. Many production systems use both. But RAG alone is sufficient for knowledge grounding, while fine-tuning alone is not.




Consider an enterprise RAG system built to answer questions about internal documentation. The documentation includes:





	
Employee handbooks with policies on leave, benefits, and conduct.



	
Technical documentation for internal tools and services.



	
Compliance guidelines for different regulatory regimes.



	
Product specifications and release notes.








If we fine-tune a model on this documentation, several problems emerge:





	
Policies change quarterly. Each update requires a new fine-tuning run.



	
Technical documentation changes with every release. Updates lag behind actual releases.



	
Compliance guidelines vary by jurisdiction and change with new regulations.



	
The model may hallucinate policies that sound reasonable but do not match actual documentation.



	
Users cannot verify whether an answer is based on actual documentation or parametric memory.








With RAG, these problems disappear:





	
Updated documents are indexed immediately. The next query after indexing uses the new information.



	
Versioned documents are retrievable by date. Users can see which version informed the answer.



	
Different policies can be retrieved based on user attributes like location or department.



	
Answers can include citations linking back to specific document sections.



	
The model’s parametric memory serves as a general reasoning capability, while specific knowledge comes from retrieval.








This is not to say fine-tuning has no role. Fine-tuning can improve the model’s ability to follow instructions, adopt a specific tone, or handle domain-specific terminology. The combination of fine-tuning for behavior and RAG for knowledge is a common pattern in production systems.




But for knowledge grounding specifically, retrieval is superior to parametric encoding.





The Scalability Argument for Retrieval


There is a fundamental scalability argument for retrieval over parametric knowledge that deserves explicit attention.




A language model has a fixed number of parameters. GPT-4 is estimated to have hundreds of billions of parameters. This is a vast amount of capacity, but it is finite. Each parameter is shared across all knowledge and capabilities the model possesses. This creates inherent trade-offs:





	
Knowledge about obscure topics competes with knowledge about common topics.



	
Factual knowledge competes with reasoning capabilities and linguistic fluency.



	
Domain-specific knowledge competes with general knowledge.








External knowledge bases do not have this limitation. You can index millions of documents without affecting the model’s core capabilities. The knowledge base can be as large as needed. Different applications can use different knowledge bases. Knowledge can be partitioned by domain, organization, or access level.




Consider the cost perspective. Training a model with hundreds of billions of parameters costs millions of dollars in compute resources. Fine-tuning it repeatedly is expensive, though less so. Indexing documents for retrieval is orders of magnitude cheaper: embedding computation is fast, vector storage is inexpensive, and retrieval is efficient.




For an enterprise with terabytes of internal documentation, the choice is clear. Fine-tuning a model on all that data would be extremely expensive and would still not guarantee that every fact is encoded accurately and reliably. Indexing the data for retrieval is cheap and guarantees that the original text is accessible verbatim.




This scalability argument extends beyond organizations. The world’s knowledge grows continuously. Scientific papers are published daily. News is reported in real time. New products launch weekly. Regulatory frameworks change constantly. A parametric knowledge base becomes obsolete from the moment training ends. A retrieval-based knowledge base can stay current with continuous updates.




The original RAG paper framed this elegantly by distinguishing parametric memory from non-parametric memory [1]. The model’s weights are parametric memory: fast to access during computation but fixed after training. The external knowledge base is non-parametric memory: slower to access through retrieval but flexible, updatable, and scalable. RAG combines both, using each for what it does best.




The next chapters explain the technical components that make this combination possible. Chapter 3 covers information retrieval fundamentals, the algorithms that underlie document search. Chapter 4 explains embeddings, the representation that allows neural retrieval of text. Together, these foundations explain how RAG actually works under the hood.








Chapter 3: Information Retrieval Foundations
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

What Is Information Retrieval
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


The Vector Space Model and TF-IDF
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


The BM25 Algorithm
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Inverted Indexes and Boolean Retrieval
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Relevance Metrics: Precision, Recall, NDCG
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


The History That Led Us to RAG
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.





Chapter 4: Embeddings and Vector Representations
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

From Words to Vectors: Word Embeddings to Sentence Embeddings
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


What an Embedding Actually Represents
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Architecture of Modern Embedding Models
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Cosine Similarity and Vector Distance Metrics
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Evaluating Embedding Quality
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Choosing an Embedding Model
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.





Chapter 5: Similarity Search and Vector Databases
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

The Nearest Neighbor Problem at Scale
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Brute-Force Search and Its Limits
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Approximate Nearest Neighbor Algorithms: HNSW, IVF, PQ
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Vector Database Architecture and Design
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Choosing a Vector Database
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Vector Index Maintenance
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.





Chapter 6: Document Ingestion and Preprocessing
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

The Ingestion Pipeline End-to-End
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Document Format Parsing: PDFs, HTML, Office Documents
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Text Cleaning and Normalization
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Handling Special Content: Tables, Code, Images, Math
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Metadata Extraction and Structuring
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Building a Robust Ingestion System
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.





Chapter 7: Chunking Strategies
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

Why Chunking Matters
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Fixed-Size and Sliding-Window Chunking
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Semantic and Recursive Chunking
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Chunking for Code, Legal Documents, and Technical Manuals
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Parent-Child and Hierarchical Chunking
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Measuring and Tuning Chunk Quality
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.





Chapter 8: Index Construction
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

Embedding and Storing Chunks
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Building Vector Indexes at Scale
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Combining Dense and Sparse Indexes
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Metadata Indexing and Filtering
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Incremental Indexing and Data Freshness
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Index Versioning and Rollbacks
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.





Chapter 9: Basic Retrieval
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

The Retrieval Operation
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Dense Retrieval Mechanics
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Sparse Retrieval Mechanics
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Combining Dense and Sparse: Hybrid Search
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Metadata Filtering and Faceted Search
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Retrieval Performance Tuning
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.





Chapter 10: Query Transformation and Expansion
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.

The Query Transformation Problem
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Query Rewriting for Clarity and Completeness
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Multi-Query Retrieval
This content is not available in the sample book. The book can be purchased on Leanpub at https://leanpub.com/theartandscienceofrag.


Hypothetical Document Embeddings (HyDE)
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