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Joreword

It is truly an honor to receive a request to write a foreword for a book like this, in
this particular space, at this specific time in history, and by an author who I believe
will make significant contributions to this industry during his tenure. That book is
Domain-Specific Small Language Models, the space is generative Al, the time in history is
the tremendous evolutionary acceleration of Al, and the author is Guglielmo lozzia.

In an era when AI discourse is dominated by everlarger frontier models and
eye-catching demos, this book takes a refreshingly pragmatic stance: it is about making
language models actually work for your domain, your data, and your hardware con-
straints. It is written with the practitioner’s learning curve squarely in mind, moving
from foundational concepts to hands-on experience so that by the time you turn the
last page, you will not only understand why small, domain-specific language models
matter, you will have run them, tuned them, optimized them, and deployed them on
real-world infrastructure.

What distinguishes this work is its relentless focus on the realities of distributed and
edge Al Rather than treating GPUs in the cloud as an infinite resource, the author
leans into the constraints most organizations actually face: tight budgets, on-prem clus-
ters, laptops, and even mobile or embedded devices. From the opening chapters on
the definition and role of small language models (SLMs), it becomes clear that the
goal is not to worship scale, but to show how carefully chosen, well-tuned models in the
100M to 10B parameter range can deliver outsized business value when pushed as close
as possible to where data is generated and decisions are made. The walkthroughs of
ONNX, quantization techniques, and hardware-aware optimizations anchor the discus-
sion in concrete practices that materially reduce latency and cost at the edge while pre-
serving useful accuracy.

xii
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This is also an excellent grounding text for anyone trying to navigate the LLM-
versus-SLM decision space with intellectual honesty. The early chapters provide a clear,
hype-free tour of the Transformer architecture, training paradigms, open source eco-
systems, and the tradeoffs between generalist closed LLMs and domain-specific models.
From there, the book steadily builds into a toolkit: data preparation, classic fine-tuning,
PEFT methods such as LoRA, and retrieval-augmented generation are all presented
with enough depth and runnable code that you can reproduce, adapt, and extend the
examples for your own environment. The result is a rare combination of conceptual
clarity and practical guidance that serves both as an introduction for those new to the
field and as a structured reference for experienced practitioners formalizing their
approach.

Perhaps most compelling is the way the book repeatedly returns to domain reality.
Coding assistants are explored not as abstractions but via end-to-end fine-tuning of
GPT-2 on Manim code, complete with hyperparameter search and evaluation workflows
that mirror production-grade ML engineering. Chemistry and life sciences are treated
with equal seriousness, from protein and antibody sequence generation to discussion of
validation workflows and specialized tooling, illustrating how SLMs unlock high-value
use cases in regulated, data-sensitive industries. Later chapters connect these capabili-
ties to modern application patterns—RAG pipelines, agentic systems, deployment and
serving patterns, and running on commodity hardware—so that readers finish with a
mental model that spans from theory to architecture to code.

If you are serious about applying generative Al beyond glossy prototypes—especially
in domains where data is sensitive, regulation is strict, or infrastructure is constrained—
this book is worthy of your time. It will not just tell you that small language models are
important; it will show you, step by step, how to build, adapt, and ship them responsibly
in the environments where they matter most.

—MATTHEW R. VERSAGGI,

WHITE HOUSE PRESIDENTIAL INNOVATION FELLOW IN Al, SPECIAL COHORT OF ’24,
FORMER SENIOR DIRECTOR OF ARTIFICIAL INTELLIGENCE AND

COGNITIVE TECHNOLOGY AT OPTUM TECHNOLOGY/UNITED HEALTHCARE



preface

In early 2022, after finally having the time to complete reading the “Attention is all
you need” paper, I started getting curious about the Transformer architecture and the
potential great use cases in diverse industries (and in life sciences in particular, because
that is the field where I work) for this new kind of neural network. One concern I had
at that time was the concrete risk that such technology could quickly become a prerog-
ative of the large tech organizations that could afford the vast computational resources
necessary to train and execute these models.

Then, inspired by the “run Doom on anything” challenge (a popular trend for soft-
ware engineers to find ways to optimize the source code of that 1993 videogame to run
on anysort of device), I started thinking about ways to optimize small Transformer mod-
els, trained on domain-specific tasks and data, so they could be deployed and executed
in hardware-constrained environments. In June of the same year, I did an in-person
hands-on workshop on this subject at the ODSC Europe conference in London, which
gotalot of interest from ML engineers at the event.

When Manning Publications contacted me a few months later, asking me to write a
book on this topic, I didn’t think twice about accepting. A few weeks after I started writ-
ing the book, OpenAl released the ChatGPT service to the public, powered at that time
by their GPT-3.5 model, and other large tech organizations, such as Google, Anthropic,
and X.Al, soon joined the race to build larger, closed source generalist models to try to
win the consumer market for generative Al.

But the open source community didn’t just watch this happen: lots of initiatives
involving open architectures and weights, and techniques for optimize the training and
execution of language models, started being proposed. It was the right time to write a
book on this topic and provide ML practitioners with a centralized source of informa-
tion about what capabilities are available beyond the commercial offerings, for specific
tasks, and in heavily regulated industries.
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about this book

The focus of this book is on understanding techniques for improving inference per-
formance and costs on pretrained and customized small language models (SLMs)
through optimization and quantization, serving them through diverse API ecosys-
tems, deploying them on diverse hardware (including your own laptop), and integrat-
ing them with other paradigms such as RAG and Agentic Al. All these concepts are
explained in depth and come with complete source code examples. You’ll learn to
minimize the computational horsepower their models require while retaining high—
quality performance times and output.

While a few examples presented in this book describe how to preprocess the data
for training/test, and PEFT (parameter-efficient fine tuning) techniques are also intro-
duced, this book doesn’t focus on training and data-preparation techniques.

Who should read this book

This book is first for ML engineers and data scientists interested in learning how to
manage LLMs in the typical hardware-constrained environment that their company
budget allows for. But it is also for tech leaders motivated to understand how applying
custom language models on corporate data could generate extra business value.
The minimally qualified reader should have the following skills and knowledge:
General understanding of deep learning concepts

Knowledge of the Transformer model’s architecture and internals and the basics
of their training process

Intermediate Python language skills

Hands-on experience with a deep learning framework (PyTorch preferable)

xvi
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Familiarity with the Google Colab environment
Intermediate experience in software engineering

Three or fouryears of experience as amachine learning engineer or data scientist

How this book is organized: A roadmap

This book has 4 parts with 15 chapters.
Part 1 introduces readers to small language models (SLMs):

Chapter 1 explains the use cases for specialized SLMs and their pros and cons
when compared to generalist large language models.

Part 2 covers the core topics of domain-specific SLMs:

Chapter 2 shows some examples of data preparation for fine-tuning Transformer
architectures and for RAG, and it introduces the concept of parameter-efficient
fine-tuning (PEFT).

Chapter 3 presents an end-to-end example of tuning an SLM on a specific task
(the generation of Python code to render/animate mathematical formulas, start-
ing from natural language). It also addresses some validation strategies for the
model’s output.

Chapter 4 illustrates several types of content generation with SLMs, shows how to
spot areas for improvement at inference time (in terms of cost savings and per-
formance), and suggests some techniques for optimizing computational power
consumption.

Chapters 5 and 6 are about the ONNX format and ONNX Runtime, SLM quan-
tization on CPU or GPU, and quantization strategies using the ONNX standard
and alternative methods.

Part 3 focuses on real-world examples of the concepts introduced in parts 1 and 2:
Chapter 7 presents some use cases of generating Python code with SLMs and
optimizing SLMs to run on constrained hardware.

Chapter 8 presents some SLMs pretrained to address tasks in chemistry, drug
discovery, and materials science.

Part 4 discusses more advanced SLM concepts:

Chapter 9 details advanced quantization techniques.

Chapter 10 explains how to transform raw ONNX profiling data into insights to
improve model optimization.

Chapter 11 takes a deep dive into options for deploying and serving SLMs across
diverse environments, including Android devices.

Chapter 12 walks through multiple options for serving and running SLMs locally
on a laptop and using a graphical interface.
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ABOUT THIS BOOK

Chapter 13 is about using SLMs as part of more complex systems, such as RAG or
agentic AL

Chapter 14 expands on the concepts discussed in chapter 13, introducing
GraphRAG and agentic RAG.

Chapter 15 is about test-time compute for SLMs, and it ends the book with an
end-to-end example of turning an SLM into a reasoning model using GRPO.

About the code

This book contains many source code examples to give you hands-on experience with
the concepts explained in the various chapters. To improve readability, the book often
presents only the essential lines of code. Source code is formatted in a fixed-width
font like this to distinguish it from ordinary text. Sometimes code is also presented
in bold to highlight code that has changed 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 have often been removed from the list-
ings when the code is described in the text. Code annotations accompany many of the
listings, highlighting important concepts.

The complete examples, in the form of Colab notebooks, are available for down-
load from the Manning website at https://www.manning.com/books/domain-specific
-small-language-models and from GitHub at https://github.com/virtualramblas/
Domain-Specific-Small-Language-Models.

liveBook discussion forum

Purchase of Domain-Specific Small Language Models 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/domain-specific-small-language-models/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 a meaningful dia-
logue between individual readers and between readers and the author 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 from the publisher’s website as long as
the book is in print.
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