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preface

More than a decade ago, my journey into Al began with statistical pattern classifica-
tion, where I learned how far relatively simple models can go when they capture useful
structure in data. Over time, that curiosity shifted from models that recognize patterns
to models that can explain, plan, and solve multistep problems.

With the release of ChatGPT in 2022, large language models (LLMs) moved into the
mainstream. A later shift, especially visible in late 2024 and throughout 2025, was the
extension of LLMs to create so-called reasoning models, which can solve more complex
problems, especially in technical domains such as math and code.

At the same time, reasoning models can feel opaque, and this book is my attempt to
make reasoning models more approachable. Rather than training a giant model from
scratch, we’ll begin with a small pretrained LLM and apply reasoning techniques step
by step. Along the way, you will implement text generation, evaluation with verifiers,
inference-time scaling methods, and training methods, such as reinforcement learning
with verifiable rewards and distillation from scratch. By the end, you will understand
how the main reasoning methods work in practice and how they fitinto a modern LLM
development workflow.

Like my earlier book, Build a Large Language Model (From Scratch), this one takes a
code-first approach, but the focus here is different. Instead of explaining the Trans-
former architecture in depth or covering large-scale pretraining, here we’ll concen-
trate on the methods that turn a conventional LLM into a reasoning model. If you have
read the earlier book, this one should feel like a natural next step. If you haven’t, you
can still follow along here without needing all the underlying LLM details up front.

We’ll use math examples throughout the book because they are practical for rea-
soning research and easy to verify automatically. That makes them a useful test bed for
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understanding whether a model is actually solving a problem correctly. More broadly,
my goal is not to teach one narrow benchmark but to give you the tools and intuition
needed to build, evaluate, and improve reasoning systems in your own work.

When I first started working on reasoning models, I had to piece together ideas from
papers, repositories, and scattered implementation notes. I hope this book saves you
that effort and gives you a clearer path from first principles to working code. I strongly
believe that the best way to understand reasoning models is to build one yourself.

Happy reading and coding!
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about this book

Build a Reasoning Model (From Scratch) is a hands-on guide to understanding how mod-
ern reasoning LLMs work by implementing their core techniques yourself. Rather
than training a base model from the ground up, this book starts with a pretrained open
source base LLM and shows you how to extend it step by step with reasoning capabil-
ities. Along the way, you will learn how to generate text with a base model, evaluate
answers with verifiers, improve performance through inference-time scaling, train with
reinforcement learning, and distill reasoning behavior into smaller models. By the end
of the book, you will understand how the main reasoning methods fit together in a
practical LLM development workflow and how to build small but functional reasoning
systems of your own.

The book takes a code-first approach. The “from scratch” part refers to implement-
ing the reasoning methods yourself so that the underlying mechanics become transpar-
ent. Ifyou are interested in how base LLMs are builtand pretrained in detail, my earlier
book, Build a Large Language Model (Irom Scratch) (http://mng.bz/M960), provides that
foundation, butitis not required for reading this book.

Who should read this book

Build a Reasoning Model (From Scratch) is for machine learning enthusiasts, engineers,
researchers, students, and software developers who want a practical understanding of
how reasoning models work and how to implement the main techniques behind them.
It is written for readers who want to go beyond high-level descriptions and see how
these systems are built, evaluated, and improved in code.

The most important prerequisite is solid Python experience. Prior exposure to
machine learning, deep learning, or large language models is helpful, but you do not
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need to be an expert. The book is intended to be approachable for motivated begin-
ners while still offering enough technical depth for experienced practitioners.

The book uses math examples frequently because they are practical for reason-
ing research and easy to verify automatically. However, advanced mathematics is not
required. Familiarity with basic algebra and a general comfort level with vectors and
matrices is useful, though, to follow some of the code implementations.

Some prior PyTorch experience may help you move more quickly through the code,
but it is not required. The focus of the book is on understanding reasoning methods
and implementing them clearly, not on mastering every detail of a deep learning frame-
work. Readers who have already read Build a Large Language Model (From Scratch) may
recognize some broader LLM concepts, but this book is fully self-contained.

How this book is organized: A road map

This book is organized around a practical development pipeline for reasoning models.
We’ll begin with a conventional pretrained LLM, add evaluation so that we can mea-
sure progress, and then explore two main ways of improving reasoning: inference-time
methods and additional training. Because later chapters build directly on the code and
ideas introduced earlier, the book is best read in sequence.

Chapter 1 introduces the practical meaning of reasoning in the context of LLMs. It
explains how reasoning models differ from conventional LLMs, it reviews the standard
LLM training pipeline at a high level, and it introduces the main approaches used to
improve reasoning.

Chapter 2 establishes the starting point by loading and using a pretrained base LLM.
It covers the coding environment, tokenization, step-by-step text generation, and prac-
tical speedups such as key-value caching and model code compilation.

Chapter 3 adds evaluation. It shows how to extract final answers reliably, verify cor-
rectness against reference solutions, and build an evaluation pipeline for math-oriented
reasoning tasks.

With that foundation in place, chapters 4 and 5 focus on inference-time scaling,
improving reasoning without changing the model weights. Chapter 4 covers prompt-
based reasoning, diverse decoding, and self-consistency. Chapter 5 extends this direc-
tion with self-refinement, simple scoring strategies, confidence estimation, and iterative
answer improvement.

Chapters 6 through 8 implement training-time methods. Chapter 6 introduces rein-
forcement learning for reasoning models, with a focus on reinforcement learning with
verifiable rewards (RLVR) and Group Relative Policy Optimization (GRPO). Chapter
7 builds on that implementation by covering practical monitoring, common training-
failure modes, reward hacking, and useful extensions such as KL regularization and
response-format rewards. Chapter 8 concludes the main text with distillation, showing
how to create teacher-generated reasoning datasets, train a smaller student model, and
evaluate the distilled result.





