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To the engineers who get paged at three in the morning because a model quietly started predicting yesterday’s world—and who fix the pipeline, not the metric.

​​Why this book


A machine learning model is a small artefact surrounded by a large system. The model is a file. Around it sit the pipelines that produced its training data, the transformations that computed its features, the infrastructure that serves it, the monitoring that would notice if it stopped working, and the governance that determines whether anyone is accountable for what it decides. Almost all the engineering effort, and almost all the failure, lives in that surrounding system rather than in the model.

This is not how the subject is usually taught. Machine learning education concentrates on the model—architectures, loss functions, optimisation— and treats deployment as an implementation detail to be handled later. The result is a well-documented gap: teams build models that perform well offline and then discover that the feature computed in the training pipeline is not the feature computed at serving time, that the training data leaked information unavailable at prediction time, that nobody can reproduce last quarter’s model, or that a model has been degrading for months without anyone noticing because no one defined what noticing would mean.

MLOps is the discipline that closes that gap. This book treats it as systems engineering: data platforms, pipeline design, reproducibility, deployment topology, serving performance, observability, and the organisational structures that keep all of it maintained.



Who it is for


The book is written for engineers who build and operate these systems: data engineers, ML engineers, platform engineers, and the architects and technical leads who are responsible for the whole. It assumes working knowledge of at least one programming language, familiarity with distributed systems concepts, and enough machine learning to know what training and inference are. It does not assume prior experience with feature stores, model registries, drift detection or ML-specific infrastructure.

Software engineers moving into ML will find the modelling material introductory and the systems material a matter of applying familiar principles to unfamiliar failure modes. Data scientists moving toward production will find the reverse. Both audiences need the same thing: a clear account of what breaks, why, and what structure prevents it.



How it is organised


Chapter 1 establishes why ML systems fail in production and what distinguishes them from conventional software. Chapter 2 covers the data platform—pipelines, lakehouse architecture, contracts and data quality—because everything downstream inherits its defects. Chapter 3 treats feature engineering and fea-ture stores, and the training–serving skew problem that motivates them. Chapter 4 covers experimentation, reproducibility, distributed training and evaluation that survives contact with production. Chapter 5 treats packaging, model registries, deployment strategies and rollback. Chapter 6 covers serving infrastructure, latency budgets, batching and cost. Chapter 7 is the monitoring and drift chapter—in the author’s experi-ence the one whose absence causes the most damage. Chapter 8 covers CI/CD, orchestration and platform engineering for ML. Chapter 9 treats security, privacy, compliance and responsible AI. Chapter 10 covers LLMOps and where the discipline is heading. Six appendices provide reference architectures, a metrics
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and SLO reference, a maturity checklist, operational runbooks, a glossary and a resource guide.

Each chapter carries learning objectives, keywords, worked quantitative examples, original architecture diagrams, a case study, a summary, key takeaways, review questions, numerical problems, design problems and open research questions.

On evidence and honesty

Two conventions hold throughout. First, no measured results from any specific system or organisation are reported. Every latency, cost, volume and accuracy figure is illustrative, marked as such, and chosen to make a calculation followable. The case studies are composite scenarios constructed for instruction; they draw on patterns encountered in practice but describe no particular employer, client or product.

Second, tooling is discussed by category and capability rather than by recommendation. Specific platforms change faster than a book can track, and a reader who understands what a feature store must guarantee can evaluate any implementation of one. Where a named technology appears, it is as an example of a pattern, not an endorsement.
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	​​Symbol

	
Meaning


	
Typical unit



	x

	
Feature vector for a single prediction request


	
—



	y, yˆ

	
True label and predicted value


	
—



	D

	
Dataset; Dtr, Dte train and test splits


	
—



	Ptr, Pserve

	
Training and serving input distributions


	
—



	fθ

	
Model with parameters θ


	
—



	L

	
Loss function


	
—



	λ

	
Request arrival rate


	
requests/s



	µ

	
Service rate of one replica


	
requests/s



	ρ

	
Utilisation, ρ = λ /(cµ)


	
—



	c

	
Number of serving replicas or workers


	
—



	L

	
Latency; Lp50, Lp99 percentile latencies


	
ms



	B

	
Inference batch size


	
requests



	Tbudget

	
End-to-end latency budget


	
ms



	∆tfresh

	
Feature freshness lag


	
s



	PSI

	
Population stability index between two distributions


	
—



	DKL

	
Kullback–Leibler divergence


	
nats



	DJS

	
Jensen–Shannon divergence


	
nats



	KS

	
Kolmogorov–Smirnov statistic


	
—



	ECE

	
Expected calibration error


	
—



	S

	
Service level indicator value


	
%



	Eb

	
Error budget over a window


	
% or minutes



	A

	
Availability, MTBF/(MTBF + MTTR)


	
—



	
Ctrain


	
Cost of one training run


	
currency



	
Cinfer


	
Cost per thousand inferences


	
currency



	N

	
Number of records, requests or samples


	
—



	R

	
Sustained data rate


	
MBs−1



	κ

	
Retained fraction after filtering or compression


	
—



	τ

	
Decision threshold on a score


	
—



	ε

	
Privacy budget in differential privacy; also tolerance


	
—



	k

	
Retrieved document count in RAG; also fold count


	
—



	E[·]

	
Expectation


	
—



	P(·)

	
Probability


	
—
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