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Introduction: Why Local Inference
Matters
The story of large language models is usually told as a tale of scale: more
parameters, more compute, more money. The big labs publish benchmarks,
the cloud providers raise prices, and developers pay the token tax on every
API call. But there is another path, one that has quietly reshaped how millions
of people interact with AI. It does not require an API key, a credit card, or an
internet connection. It runs on hardware you already own.

That path starts with llama.cpp.

In March 2023, Georgi Gerganov released a single C++ file that could
run Meta’s LLaMA model on a CPU. It was modest in ambition and radical
in execution: zero external dependencies, pure C/C++, and fast enough to
be useful. Within months, the project exploded into a full ecosystem. By
mid-2026, the repository had accumulated over 119,000 stars, nearly 1,800
contributors, and more than 5,000 tagged releases. It became the inference
engine behind Ollama, LM Studio, Jan, GPT4All, and countless other tools that
millions of people use daily.

What makes llama.cpp special is not any single feature but the combination
of them all. It runs on everything from an ARM-based Raspberry Pi to a multi-
GPU server rack. Its GGUF file format has become the de facto standard for
distributing quantized models, with tens of thousands of checkpoints available
on Hugging Face alone. It supports quantization from 1.5-bit integer formats
up to full float32 precision, giving users control over the trade-off between
speed, memory, and quality that no cloud API can match. And it provides an
OpenAI-compatible HTTP server so that applications already built around the
OpenAI API can be pointed at a local model with a single configuration change.

This book is for anyone who wants to understand how llama.cpp works,
how to build it, and how to get the most out of it. If you are a developer
setting up your first local model, you will find step-by-step instructions for
building on Linux, macOS, and Windows, along with practical examples for
running inference and serving an API. If you are an ML engineer looking to
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deploy llama.cpp in production, you will learn about Docker containerization,
Kubernetes orchestration, performance benchmarking, and troubleshooting
strategies. If you are a researcher curious about the internals, you will find
deep dives into the GGUF file format, the GGML tensor system, speculative
decoding algorithms, grammar-constrained generation, and the mechanics of
every GPU backend.

The chapters are organized to take you from foundation to mastery. We
begin with the history and motivation behind llama.cpp and the broader local
inference movement. Then we dig into the architecture, explaining how
models are loaded, how tensors flow through the computation graph, and how
the GGUF format works at the byte level. Next come two chapters on building
from source, covering Linux, macOS, and Windows with all major hardware
backends.

The middle of the book focuses on model preparation and inference. You
will learn how to convert Hugging Face models to GGUF, how quantization
actually works at the bit level, and how to choose the right quantization scheme
for your use case. We then cover every CLI tool in detail, followed by a thorough
treatment of server mode and the OpenAI-compatible API.

The advanced chapters explore the techniques that separate casual users
from power users: speculative decoding with draft models and n-gram strate-
gies, grammar-constrained generation for structured output, embedding gen-
eration, multimodal vision support, and all the GPU backends from CUDA
through Vulkan and Metal. We close with performance tuning and bench-
marking, real-world deployment patterns, and a look at where local inference
is headed.

Every claim in this book is grounded in the official llama.cpp repository and
its documentation, supplemented by community benchmarks, primary source
code, and verified external references. Where sources disagree, we surface
the disagreement and assess which position is better supported. The goal is
not just to tell you what to type into a terminal but to make you understand
why it works, so you can adapt and troubleshoot when things go wrong.

Let us begin.
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