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preface

We’ve been fortunate to work in machine learning (ML) during one of the most excit-
ing periods in technology. The field is evolving at a breathtaking pace—from break-
through research to practical applications that touch billions of lives. Being part of this
transformation, watching ML systems go from research papers to production services
that power real businesses, has been nothing short of remarkable.

The three of us—Benjamin, Shanoop, and Varun—all started our careers as soft-
ware engineers. We didn’t set out to become ML engineers; we stumbled into it. In our
respective organizations, we each found ourselves tasked with taking ML models from
notebooks to production. We quickly discovered that while our software engineering
backgrounds were invaluable, production ML required an entirely new set of skills and
practices.

Our first production deployments were humbling experiences. Models that per-
formed beautifully during training struggled in production. Systems broke in unex-
pected ways. We found ourselves navigating a fragmented landscape of tools, trying to
figure out which ones actually worked for real-world problems. Through trial and error,
late-night debugging sessions, and learning from our mistakes, we gradually developed
an understanding of what it takes to build reliable ML systems.

This journey led us to write this book. We wanted to distill what we’ve learned and
share it with the wider community. The ML tooling ecosystem is vast and fragmented—
dozens of options for every component of an ML platform are available. Through
experimentation in our respective organizations, we’ve identified tools and patterns
that work well for production systems. This book captures what we’ve learned.

It’s important to note that ML engineering is still a nascent field. Best practices are
emerging, not established. You shouldn’t treat anything in this book as gospel truth
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because the field is evolving too rapidly for that. What works for us might not work for
you, and better tools will undoubtedly emerge.

Our goal is to provide patterns and principles that transcend specific tools. When
we first conceived this book, ChatGPT would be released just a few months later, trans-
forming the landscape once again. Large language model operations (LLMOps) prac-
tices are still being figured out by the community, but we’ve included two chapters on
our experiences building LLM applications. In the same spirit as our Optical Character
Recognition (OCR) and movie recommendation projects, we provide practical guid-
ance and open source tooling suggestions based on what has worked for us.

We use real projects throughout the book to demonstrate these concepts in practice.
You’ll build an OCR system, a movie recommender, and explore LLM applications.
These aren’t toy examples—they’re simplified versions of systems we’ve built in pro-
duction, with all the messy details that come with real-world ML engineering. Whether
you’re a software engineer curious about ML or a data scientist looking to deploy your
models, this book will help you navigate the exciting, challenging world of production
ML systems. What a time to be alive!
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about this book

Most machine learning projects never make it to production. The challenge isn’t
building models—it’s deploying them reliably, monitoring their performance, and
maintaining them at scale. Machine Learning Platform Engineering teaches you how to
build the complete infrastructure and workflows needed to operationalize ML systems,
from experiment tracking to production deployment.

By the end of this book, you’ll have built a complete ML platform from the ground
up. You'll containerize and orchestrate ML workloads, automate training pipelines,
deploy models as scalable APIs, and implement comprehensive monitoring—all using
industry-standard tools such as Docker, Kubernetes, MLflow, and Kubeflow. The final
chapters extend these practices to LLMs, showing you how to build and secure produc-
tion Retrieval-Augmented Generation (RAG) applications.

Who should read this book?

This book is for data scientists and software engineers who want to move beyond Jupy-
ter Notebooks to production ML systems. You should be comfortable with Python and
have basic familiarity with ML concepts. No prior experience with Docker, Kuberne-
tes, or machine learning operations (MLOps) tools is required—we’ll build everything
from scratch. Experienced ML practitioners will benefit from the systematic approach
to infrastructure and the modern LLMOps coverage in the final chapters.

What you’ll build
You’ll construct three complete systems:

An ML platform infrastructure with containerization (Docker), orchestration
(Kubernetes), experiment tracking (MLflow), feature stores (Feast), and auto-
mated pipelines (Kubeflow)
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Two traditional ML applications: an object detection system for ID cards and a
movie recommendation engine—covering data preparation, training, valida-
tion, deployment, and monitoring

An LLM-powered RAG system called DakkaBot that answers questions about com-
pany documentation, including prompt management, semantic testing, safety
guardrails, and cost optimization

How this book is organized: A road map

The book has four parts, covering 13 chapters; it also includes two appendices. Part 1
explains what MLOps entails and how to build the infrastructure foundation for ML
systems:

Chapter 1 introduces the ML life cycle, essential MLOps skills, and the founda-
tional components needed to build a production ML platform from scratch.

Chapter 2 explores the iterative MLOps life cycle, compares MLOps to tradi-
tional DevOps, and examines organizational maturity levels in implementing ML
operations.

Chapter 3 covers the infrastructure backbone of ML platforms, including contain-
erization with Docker, orchestration with Kubernetes, continuous integration/
continuous deployment (CI/CD) automation, and monitoring with Prometheus
and Grafana.

Part 2 focuses on building the core platform capabilities that transform ad hoc ML pro-
cesses into production-ready systems:

Chapter 4 demonstrates how to track ML experiments with MLflow, manage
models in a model registry, and organize features using the Feast feature store for
reproducible ML workflows.

Chapter 5 teaches pipeline orchestration using Kubeflow Pipelines to automate
batch inference workflows, demonstrating how to build reusable components
and combine them into production-ready pipelines.

Chapter 6 shows how to deploy ML models as API endpoints using BentoML and

monitor data drift in production using Evidently for both batch and real-time use
cases.

Part 3 demonstrates MLOps principles in action through two complete, real-world
projects.

Chapter 7 guides you through data analysis using Kubeflow notebooks and build-
ing robust data preparation pipelines for two capstone projects: an ID card detec-
tor and a movie recommender system.

Chapter 8 focuses on designing modular training components, capturing met-
rics and artifacts, and implementing model validation strategies through practi-
cal examples using You Only Look Once (YOLO) object detection.
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Chapter 9 demonstrates how to scale training pipelines by using Kubernetes Per-
sistent Volumes for efficient data management, integrate TensorBoard for train-
ing visualization, and use MLflow for comprehensive experiment tracking and
model versioning.

Chapter 10 guides you through deploying ML models as production services
using BentoML, covering local development, containerization, observability end-
points, and integration with MLflow for seamless model life cycle management.

Chapter 11 shows how to implement comprehensive monitoring for ML appli-
cations through metrics collection, alerting with Alertmanager, log aggregation
with Loki, data drift detection using Deepchecks, and model explainability tech-
niques to understand prediction behavior.

Part 4 extends MLOps to generative Al through LLMOps, building production RAG
systems with vector databases, prompt management, and safety controls, and then hard-
ening them for enterprise deployment with testing, guardrails, and cost optimization.

Chapter 12 introduces LLMOps by building a production RAG system called
DakkaBot, covering documentingestion, vector databases, LangChain orchestra-
tion, Chainlit UI development, and comprehensive observability with Langfuse.

Chapter 13 focuses on hardening LLM applications for production through
prompt engineering with Langfuse, semantic testing with DeepEval and G-Eval,
adversarial security testing with Promptfoo, implementing safety guardrails, and
cost optimization strategies for token-based pricing models.

The appendices provide essential setup instructions and reference materials to sup-
port the hands-on exercises throughout the book:

Appendix A walks through the complete installation and setup process for the
MLOps platform on your local machine, covering command-line tools (yq, Kus-
tomize, kubectl), Kubernetes distributions (k3s for Linux, microK8s for Mac),
deploying Kubeflow using Argo CD, and setting up supporting infrastructure
like MLflow, PostgreSQL, MinlO, Redis, BentoML, and Evidently Ul

Appendix B provides a comprehensive reference guide to YAML syntax and best
practices, covering key-value pairs, lists, nested structures, data types, aliases and
anchors, block vs. flow styles, and common pitfalls. Since Kubernetes configu-
rations rely heavily on YAML files, this appendix serves as an essential reference
for understanding and troubleshooting the manifest files used throughout the
book's exercises and deployments.

About the code

This book contains many examples of source code both in numbered listings and in
line with normal text. In both cases, source code is formatted in a fixed-width font
like this to separate it from ordinary text.
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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. Additionally, comments in the source code have often been removed from the
listings when the code is described in the text. Code annotations accompany many of
the listings, highlighting important concepts.

You can get executable snippets of code from the liveBook (online) version of this
book at https://livebook.manning.com/book/machine-learning-platform-engineering.
The complete code for the examples in the book is available for download from the
Manning website at www.manning.com and from GitHub at https://github.com/
practical-mlops.

liveBook discussion forum

Purchase of Machine Learning Platform Engineering 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 authors and other users. To access the forum, go to https://livebook
.manning.com/book/machine-learning-platform-engineering/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
dialogue between individual readers and between readers and the authors can take
place. Itis not a commitment to any specific amount of participation on the part of the
authors, whose contribution to the forum remains voluntary (and unpaid). We sug-
gest you try asking the authors some challenging questions lest their interest stray! The
forum and the archives of previous discussions will be accessible from the publisher’s
website for as long as the book is in print.
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