


Production SQLite
Architecting Reliable Data Systems with the World’s
Most Deployed Database

Steve Publications

This book is available at https://leanpub.com/productionsqlite

This version was published on 2026-07-28

This is a Leanpub book. Leanpub empowers authors and publishers with the
Lean Publishing process. Lean Publishing is the act of publishing an
in-progress ebook using lightweight tools and many iterations to get reader
feedback, pivot until you have the right book and build traction once you do.

© 2026 Steve Publications

https://leanpub.com/productionsqlite
https://leanpub.com
https://leanpub.com
https://leanpub.com/manifesto


Contents

Architecting Reliable Data Systems with the World’s Most Deployed
Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Introduction: Why SQLite in Production? . . . . . . . . . . . . . . . . . . . 2
The Scale You Already Know . . . . . . . . . . . . . . . . . . . . . . . . . . 2
When SQLite Is the Right Choice (and When It Is Not) . . . . . . . . . . 3
What This Book Will Teach You . . . . . . . . . . . . . . . . . . . . . . . . 4
How to Read This Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Chapter 1: First Principles: Architecture and Design Philosophy . . . . . 7
The Single-Process Server Model . . . . . . . . . . . . . . . . . . . . . . . 7
File-Based Storage and ACID Guarantees . . . . . . . . . . . . . . . . . . 8
WAL vs Journaling Modes: Core Trade-offs . . . . . . . . . . . . . . . . . 9
Write-Ahead Logging in Depth . . . . . . . . . . . . . . . . . . . . . . . . . 11
The SQLite Process Lifecycle . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Thread Safety and Serialization Modes . . . . . . . . . . . . . . . . . . . . 15

Chapter 2: Storage Engine Internals . . . . . . . . . . . . . . . . . . . . . . . 17
Page Structure and File Format . . . . . . . . . . . . . . . . . . . . . . . . . 17
B-Tree Implementation Details . . . . . . . . . . . . . . . . . . . . . . . . . 17
Record Format and Varints . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
The Database File Header . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Free Pages and Vacuums . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Overflow Pages and Large Objects . . . . . . . . . . . . . . . . . . . . . . 20
WITHOUT ROWID Tables: Index-Organized Storage . . . . . . . . . . . 20
Page Cache Architecture: PCache1 . . . . . . . . . . . . . . . . . . . . . . 21

Chapter 3: Concurrency, Locking, and Transactions . . . . . . . . . . . . . 23
Shared and Exclusive Locks . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
The Locking Protocol Step by Step . . . . . . . . . . . . . . . . . . . . . . 23
Write Conflicts and Busy Handlers . . . . . . . . . . . . . . . . . . . . . . 24
Savepoints and Nested Transactions . . . . . . . . . . . . . . . . . . . . . 24



CONTENTS

Deadlock Avoidance Patterns . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Connection Pooling Strategies for SQLite . . . . . . . . . . . . . . . . . . 26

Chapter 4: Indexing and Query Optimization . . . . . . . . . . . . . . . . . 27
B-Tree Index Anatomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Covering Indexes and Index-Only Scans . . . . . . . . . . . . . . . . . . . 27
The Query Planner and EXPLAIN . . . . . . . . . . . . . . . . . . . . . . . 28
Composite Indexes and Column Ordering . . . . . . . . . . . . . . . . . . 28
Partial Indexes and Generated Columns . . . . . . . . . . . . . . . . . . . 29
When NOT to Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Advanced EXPLAIN QUERY PLAN Analysis . . . . . . . . . . . . . . . . . . 31

Chapter 5: Advanced Schema Design . . . . . . . . . . . . . . . . . . . . . . 33
Foreign Keys and Referential Integrity . . . . . . . . . . . . . . . . . . . . 33
Generated (Computed) Columns . . . . . . . . . . . . . . . . . . . . . . . . 33
Triggers for Business Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Virtual Tables: The fts5 Extension . . . . . . . . . . . . . . . . . . . . . . . 35
Virtual Tables: The json1 Extension . . . . . . . . . . . . . . . . . . . . . . 36
Using Custom Collations and Functions . . . . . . . . . . . . . . . . . . . 36

Chapter 6: JSON, Full-Text Search, and Modern Data Types . . . . . . . . 38
Native JSON Storage and Indexing . . . . . . . . . . . . . . . . . . . . . . . 38
JSON Functions and Operators . . . . . . . . . . . . . . . . . . . . . . . . . 39
FTS5 Full-Text Search Engine . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Combining JSON and FTS5 in Production . . . . . . . . . . . . . . . . . . 40
Alternatives to Document Stores . . . . . . . . . . . . . . . . . . . . . . . . 41

Chapter 7: Performance Tuning and Benchmarking . . . . . . . . . . . . . 42
Critical Pragmas for Production . . . . . . . . . . . . . . . . . . . . . . . . 42
Synchronous Modes and Durability Trade-offs . . . . . . . . . . . . . . . 43
Cache Size and Memory Management . . . . . . . . . . . . . . . . . . . . 43
Batch Inserts and Bulk Operations . . . . . . . . . . . . . . . . . . . . . . . 44
Benchmarking Methodologies That Work . . . . . . . . . . . . . . . . . . 45
Profiling Slow Queries in Production . . . . . . . . . . . . . . . . . . . . . 46
Observability: Metrics, Tracing, and Alerting . . . . . . . . . . . . . . . . 47

Chapter 8: Backup, Recovery, and High Availability . . . . . . . . . . . . . 49
Online Backup API and Tools . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Filesystem-Level Backups with WAL . . . . . . . . . . . . . . . . . . . . . 49
Point-in-Time Recovery Strategies . . . . . . . . . . . . . . . . . . . . . . 50



CONTENTS

Replication Architectures (litestream, rqlite) . . . . . . . . . . . . . . . . 51
Disaster Recovery Runbooks . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Testing Your Backup Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . 52

Chapter 9: Security and Hardening . . . . . . . . . . . . . . . . . . . . . . . 53
Filesystem Permissions and Ownership . . . . . . . . . . . . . . . . . . . 53
SQL Injection Prevention Patterns . . . . . . . . . . . . . . . . . . . . . . . 53
SQLite Encryption Extensions (SEE) and Alternatives . . . . . . . . . . . 54
Sandboxing with PRAGMA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Secure Configuration Checklists . . . . . . . . . . . . . . . . . . . . . . . . 55
Auditing and Logging Strategies . . . . . . . . . . . . . . . . . . . . . . . . 56

Chapter 10: Containerized and Cloud Deployments . . . . . . . . . . . . . 58
SQLite in Docker Containers . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Ephemeral Storage and Persistence Patterns . . . . . . . . . . . . . . . . 58
Serverless and Edge Runtime Integration . . . . . . . . . . . . . . . . . . 59
Cloud Filesystems (EFS, NFS) and SQLite . . . . . . . . . . . . . . . . . . . 59
Shared Nothing vs Shared Disk Architectures . . . . . . . . . . . . . . . . 60
Cold Start Optimization Strategies . . . . . . . . . . . . . . . . . . . . . . 60

Chapter 11: Integrations and Ecosystem . . . . . . . . . . . . . . . . . . . . 62
Language Bindings and Driver Patterns . . . . . . . . . . . . . . . . . . . 62
ORM Integration (SQLAlchemy, Prisma, GORM) . . . . . . . . . . . . . . 63
Migration Strategies and Tools . . . . . . . . . . . . . . . . . . . . . . . . . 63
The sqlite-utils Ecosystem . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
Building Custom Extensions in C . . . . . . . . . . . . . . . . . . . . . . . . 65
Real-Time Change Feeds with Triggers . . . . . . . . . . . . . . . . . . . . 65

Chapter 12: Production Case Studies and Architecture Patterns . . . . . 66
Mobile-First Architectures (React Native, Flutter) . . . . . . . . . . . . . 66
Serverless Backend Patterns (Vercel, Cloudflare Workers) . . . . . . . . 66
Edge Computing and Offline-First Design . . . . . . . . . . . . . . . . . . 68
SQLite as a Message Queue or Event Store . . . . . . . . . . . . . . . . . 68
Hybrid Architectures with Client-Server Sync . . . . . . . . . . . . . . . 69
Lessons from Production Incidents . . . . . . . . . . . . . . . . . . . . . . 69

Conclusion: The Future of SQLite in Production . . . . . . . . . . . . . . . 71
Where SQLite Is Winning (and Losing) . . . . . . . . . . . . . . . . . . . . 71
Emerging Patterns and Tooling . . . . . . . . . . . . . . . . . . . . . . . . . 71
The Next Five Years . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71



Final Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72



1

Architecting Reliable Data Systems with the World’s
Most Deployed Database

This book teaches intermediate to advanced software engineers how to deploy,
operate, and optimize SQLite in production environments. You will learn
SQLite internals from first principles through advanced deployment patterns
includingWALmode tuning, concurrency control, indexing strategies, replica-
tion architectures, containerized deployments, edge computing integrations,
security hardening, backup and recovery procedures, and performance bench-
marking methodologies. Every chapter provides complete, production-ready
code examples grounded in real-world engineering experience.



Introduction: Why SQLite in
Production?
Every Android device ships with SQLite. Every iPhone does too. Every Mac,
everyWindows 10 and 11 installation, every Firefox, Chrome, and Safari browser
embeds SQLite as a core component. The official estimate puts more than one
trillion individual SQLite database files in active use worldwide [1]. It is likely
the most widely deployed database engine in human history, used more than
all other database engines combined.

Yet for years, many developers treated SQLite as a development-only
convenience, a toy database you swap out before shipping to production. That
reputation is outdated and, for most applications, simply wrong.

This introduction sets up the book’s central argument: SQLite is not just
suitable for production, it is often the best choice for production when you
understand its architecture, constraints, and deployment patterns. The goal is
to give you a clear, technically grounded framework for deciding when SQLite
is the right tool and how to use it correctly.

The Scale You Already Know

SQLite’s reputation as “just an embedded database” comes from where you
see it: inside your phone, inside your browser, inside desktop applications.
These are indeed embedded contexts, but the scale is staggering. Each
Android device contains hundreds of SQLite database files managing contacts,
messages, application state, and system configuration. Multiply that by over
four billion active smartphones, and you have a deployment story that dwarfs
any traditional client-server database [2].

The engineering reality behind this scale matters. SQLite has been in
continuous development since 2000, with version 3.53.4 as the current stable
release as of July 2026 [3]. It has passed more test cases than most software
projects ever write. Its public-domain license means anyone can use it without
restriction, which in turn means it has been stress-tested in environments
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its creators never anticipated: aerospace systems, medical devices, financial
applications, and high-frequency trading platforms.

More importantly, SQLite’s design philosophy is consistent and deliberate.
It does not try to be everything to everyone. It focuses on local data storage
for individual applications and devices, competingwith fopen() rather thanwith
Oracle or PostgreSQL [4]. Understanding this focus is the key to using SQLite
effectively in production.

When SQLite Is the Right Choice (and When It Is Not)

The single most important question you must answer before choosing SQLite
is whether your workload fits its architecture. SQLite runs as a library inside
your application process, reading and writing a single file on local disk. There
is no separate server process, no network protocol, no connection pooling
daemon. This design gives SQLite advantages that client-server databases
cannot match, but it also imposes real constraints.

SQLite excels when:

Your application runs on a single machine or container with direct filesystem
access to the database file. This includes traditional monoliths, containerized
microservices (one replica per node), serverless functions with persistent
storage, and edge runtimes. SQLite eliminates network latency between
application and database, which can reduce query latency from milliseconds
to microseconds for read operations.

You have moderate write concurrency. SQLite allows unlimited concurrent
readers but only one writer at a time. For most web applications, this is
not a limiting factor. The official guidance suggests SQLite handles websites
with up to 100,000 hits per day without difficulty, and the sqlite.org website
itself serves 400,000 to 500,000 daily requests from a single SQLite database
[4]. With proper WAL mode configuration and busy timeout handling, many
applications can push well beyond that.

You value operational simplicity. SQLite requires no daemon to manage, no
separate user accounts, no network configuration, no replication setup (unless
you add tools like Litestream). Backup is copying a file. Restore is replacing
a file. This simplicity reduces the blast radius of infrastructure failures and
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makes SQLite ideal for small teams and solo developers who cannot dedicate
time to database administration.

You need local-first or offline-first behavior. Applications that must func-
tion without network connectivity, whether mobile apps, desktop applications,
or edge devices, benefit enormously from SQLite’s embedded architecture.
Data lives where the application runs, so there is no network round-trip to
fetch it and no server outage to worry about.

SQLite is not the right choice when:

You need multiple application instances writing to the same database over
a network filesystem. SQLite does not work reliably on NFS, SMB, or other
shared filesystems because its locking mechanism depends on local filesystem
semantics [5]. If you have a Kubernetes cluster wheremultiple podsmust write
to the same database file, SQLite alone will not work. You need either one
writer per database (with read replicas) or a replication layer like rqlite.

Your workload requires very high sustained write throughput from many
concurrent sources. While SQLite can handle thousands of writes per sec-
ond in WAL mode with proper configuration, applications that need tens of
thousands of concurrent writers will hit the single-writer bottleneck. In those
cases, a client-server database with fine-grained row-level locking is more
appropriate.

You require sophisticated administrative features out of the box: role-
based access control, query auditing, logical replication, or streaming change
data capture. SQLite provides none of these natively, though many can be
implemented at the application layer or with third-party tools.

What This Book Will Teach You

This book is organized to take you from foundational understanding through
advanced production deployment. The chapters build on each other, but each
is also designed to be useful as a standalone reference once you have read the
earlier material.

Chapter 1 establishes SQLite’s architecture and design philosophy, explain-
ing the single-process server model, file-based storage, and how WAL mode
fundamentally changes SQLite’s concurrency characteristics.
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Chapter 2 dives into storage engine internals: how SQLite organizes pages,
B-trees, and records on disk. Understanding this layer is essential for perfor-
mance tuning and troubleshooting.

Chapter 3 explains SQLite’s locking protocol in detail, covering every lock
type, conflict scenario, and the patterns you need to avoid deadlocks and busy
errors in production.

Chapter 4 covers indexing and query optimization, teaching you how to
design indexes that actually improve performance and how to use EXPLAIN
QUERY PLAN to diagnose slow queries.

Chapter 5 explores advanced schema design features including generated
columns, triggers, foreign keys, and virtual tables.

Chapter 6 focuses on SQLite’s modern data capabilities: native JSON sup-
port, FTS5 full-text search, and how these features make SQLite viable for
complex applications that previously required document stores or dedicated
search engines.

Chapter 7 provides concrete performance tuning techniques and bench-
marking methodologies, with real numbers and production-tested pragma
configurations.

Chapter 8 covers backup, recovery, and high availability, including the
SQLite Online Backup API, Litestream replication, and disaster recovery plan-
ning.

Chapter 9 addresses security: SQL injection prevention, encryption op-
tions, filesystem hardening, and secure configuration checklists.

Chapter 10 covers containerized and cloud deployments, including Docker,
Kubernetes, serverless functions, and edge runtimes like Cloudflare Workers.

Chapter 11 explores the SQLite ecosystem: language bindings, ORM inte-
gration, migration tools, and custom extension development.

Chapter 12 presents real-world case studies and architecture patterns from
production systems that use SQLite successfully at scale.

The conclusion synthesizes these topics and looks at emerging trends in
the SQLite ecosystem.
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How to Read This Book

If you are new to SQLite, read sequentially from Chapter 1 onward. Each chap-
ter assumes familiarity with concepts introduced earlier, and the progression
is designed to build your understanding incrementally.

If you already use SQLite and need specific information, jump directly to the
relevant chapter. The indexing and query optimization material in Chapter 4,
the performance tuning in Chapter 7, and the deployment patterns in Chapters
10 and 12 are all useful as standalone references.

All code examples in this book are complete, self-contained, and tested
against current stable SQLite releases. They follow modern coding standards
and include comments explaining non-obvious decisions. You can copy them
directly into your projects, though you should adapt paths, credentials, and
configuration values to your environment.

The book uses inline citations marked as [n] to reference sources. Full
references appear at the end of the manuscript with URLs formatted as
clickable links. Every factual claim that is not common knowledge has a citation
backing it up.



Chapter 1: First Principles:
Architecture and Design Philosophy
Before you can deploy SQLite in production, you must understand what it
actually is and how it differs fundamentally from the client-server databases
most engineers know. This chapter establishes that foundation by examining
SQLite’s architecture, design goals, and the trade-offs that define its capabili-
ties.

The Single‐Process Server Model

SQLite is not a server. It is a C library that you link into your application.
When your code calls sqlite3_open(), the SQLite engine starts running inside
your process address space. There is no separate daemon listening on a port,
no network protocol between application and database, no connection pool
to manage. The database engine and the application share memory, making
system calls together through the same file descriptors.

This single-process model has profound implications for how you design
systems around SQLite.

No Network Overhead

Every query to a client-server database involves a round-trip over the network
stack: serialize the request, send it through TCP/IP, wait for the server to
receive and deserialize it, execute the query, serialize the result, send it back.
Even on localhost, this adds measurable latency. SQLite eliminates all of this.
A query is a function call that returns immediately with results in memory.

This difference becomes significant under load. Consider a simple SELECT
that PostgreSQL might serve in 2 milliseconds including network overhead.
The same query against an embedded SQLite database typically completes in
under 0.1 milliseconds because it is just reading from a memory-mapped file
[6]. For read-heavy applications, this latency reduction can be transformative.



Chapter 1: First Principles: Architecture and Design Philosophy 8

No Separate Process to Manage

You do not install SQLite as a service. You do not configure users and per-
missions at the database level. You do not monitor its memory usage through
system tools because it uses whatever memory your application allocates. This
simplicity reduces operational overhead dramatically but also means you lose
some of the isolation and administrative controls that a separate server process
provides.

If your application crashes, SQLite stops. There is no database daemon to
keep running independently. If you need high availability, you must implement
it at the application level or use replication tools designed for SQLite.

Complete Control Over the Filesystem

Because SQLite runs in your process, it uses your process’s filesystem permis-
sions and capabilities. The database file is just a file on disk with standard Unix
permissions (orWindows ACLs). You control where it lives, who can read it, and
how backups are performed. This gives you flexibility but also responsibility:
if you leave the database file world-readable, the data is exposed.

File‐Based Storage and ACID Guarantees

SQLite stores the entire database in a single cross-platform file. Tables,
indexes, schema metadata, everything lives in that one file organized into
fixed-size pages. The default page size is 4096 bytes, though you can configure
it anywhere from 512 to 65536 bytes when creating the database [7].

The Database File Structure

The first 100 bytes of the database file contain a header with metadata:
the magic string “SQLite format 3\0”, the page size, the file format version
numbers, the schema cookie, text encoding settings, and various configuration
flags [8]. After the header, the rest of the file is divided into pages of uniform
size.

Each table in your database is stored as a B-tree structure rooted at a
specific page number recorded in the schema metadata. Each index is also
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a separate B-tree. Page 1 always contains the root of the sqlite_schema table
(formerly sqlite_master), which stores all CREATE TABLE and CREATE INDEX
statements that define your database structure.

This single-file design has several advantages:

• Portability: copying the file moves the entire database
• Simplicity: no separate data and log directories to manage
• Backup: a consistent copy of the file is a complete backup
• Compression: standard filesystem compression tools work directly on the
file

It also has constraints. The maximum database size is technically limited to
281 terabytes (defined by the 32-bit page numbering scheme), though practical
limits are usually imposed by your filesystem and available disk space [4].

ACID Compliance Without a Server

SQLite provides full ACID guarantees: Atomicity, Consistency, Isolation, and
Durability. It achieves this through careful use of the rollback journal (in default
mode) or the Write-Ahead Log (in WAL mode), combined with fsync() calls to
ensure data reaches stable storage.

Atomicity means transactions either complete fully or not at all. If a crash
occursmid-transaction, SQLite uses the journal to roll back any partial changes
when the database is reopened.

Consistency means the database always satisfies all defined constraints
after a transaction commits. Foreign keys, CHECK constraints, and UNIQUE
indexes are enforced within each transaction.

Isolation in SQLite is unusual compared to client-server databases. Because
only one writer canmodify the database at a time, there is no need for complex
row-level locking ormulti-version concurrency control. Readers see either the
state before a write transaction began or the state after it completed, never an
intermediate state.

Durability means committed transactions survive crashes. SQLite achieves
this by calling fsync() on the journal file (or WAL file) before reporting success
to the application. The synchronous pragma controls how aggressively SQLite
performs these syncs, trading durability for performance [9].
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WAL vs Journaling Modes: Core Trade‐offs

SQLite supports multiple journaling modes that determine how it implements
ACID guarantees. Understanding the differences between them is essential for
production deployment.

Rollback Journal (Default)

The original and default journaling mode uses a rollback journal file with the
suffix -journal. When a write transaction begins, SQLite copies the original
page contents to the journal beforemodifying them. If the transaction commits
successfully, the journal is deleted. If the transaction aborts or a crash occurs,
SQLite uses the journal to restore the original pages.

This mode has a significant concurrency limitation: while a write transac-
tion is in progress, no other process can read from the database because the
main file might contain uncommitted changes. This makes rollback journal
mode unsuitable for applications with concurrent readers and writers.

Write‐Ahead Log (WAL)

WAL mode, introduced in SQLite 3.7.0 in 2010, fundamentally changes how
SQLite handles writes and concurrency. Instead of modifying the main
database file directly, SQLite appends new page versions to a separate write-
ahead log file with the suffix -wal. The main database file remains unchanged
until a checkpoint operation copies the WAL pages back into it [10].

WAL mode provides three critical advantages:

First, concurrent reads and writes. Because the main database file is not
modified during writes, readers can continue accessing the original data while
a writer appends to theWAL.Multiple readers can operate simultaneously with
a single writer without blocking each other.

Second, fewer fsync calls. In rollback journal mode, every page write
requires syncing the journal. WAL mode batches writes into the log file and
syncs less frequently, improving write throughput.

Third, no reader-writer deadlocks. The locking protocol in WAL mode is
simpler and avoids the deadlock scenarios that can occur in rollback journal
mode when readers upgrade to writers.
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WAL mode does have constraints. It requires local shared memory for
coordination between processes, so it does not work over network filesystems.
The page size cannot be changed while WAL mode is active. And there was a
rare corruption bug (the “WAL-reset bug”) in versions 3.7.0 through 3.51.2 that
affected databases under specific conditions; this is fixed in version 3.51.3 and
later [10].

For production deployments, WAL mode is almost always the right choice
unless you have a specific reason to use rollback journal mode.

Write‐Ahead Logging in Depth

To tune and troubleshoot WAL mode effectively, you need to understand how
it works internally.

The WAL File Format

The WAL file consists of a header followed by a sequence of frames. Each
frame contains a copy of a database page along with metadata about which
transaction it belongs to. The header includes magic numbers that identify
the file as a WAL (0x377f0682 for big-endian or 0x377f0683 for little-endian),
the SQLite version that created it, the page size, and checksums for integrity
verification [11].

Frames are appended sequentially. Each frame records the page number
it contains, a salt value that identifies the current database incarnation, and
two checksums computed over all preceding frames. This chain of checksums
ensures that any corruption in the WAL is detected immediately.

Transactions and Commits

A write transaction in WAL mode works as follows:

1. The writer acquires a RESERVED lock on the database file.
2. For each page modified, SQLite appends a frame to the WAL containing

the new page content.
3. When all modified pages have been written to the WAL, SQLite writes a

special commit record (a frame with salt values set to zero).
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4. SQLite calls fsync() on the WAL file to ensure the transaction is durable.
5. The writer releases its lock.

Only after the commit record is durably stored in the WAL does SQLite
consider the transaction complete. If a crash occurs before step 4, the
transaction is lost but the database remains consistent because no partial
changes were applied to the main file.

Checkpointing

The WAL file grows as transactions write to it. Eventually it must be check-
pointed: the pages in the WAL are copied back into the main database file, and
theWAL is truncated or deleted. SQLite performs automatic checkpoints when
the WAL reaches 1000 pages by default, though this threshold is configurable
via the wal_autocheckpoint pragma [9].

There are three types of checkpoints:

• PASSIVE: copies asmanyWAL frames as possiblewithout blocking readers
or writers. Used for automatic checkpointing.

• FULL: waits for all readers to finish, then copies all WAL frames. Blocks
new readers during the operation.

• TRUNCATE: performs a full checkpoint and then deletes the WAL file
entirely.

In production, you typically rely on passive checkpoints with occasional
manual full or truncate checkpoints during maintenance windows to keep the
WAL size bounded.

The Shared Memory File

WALmode uses a sharedmemory file with the suffix -shm to coordinate access
between multiple processes. This file contains an index of which pages are
available in the WAL and which transactions are active. It is essential for the
concurrent read-write behavior that makes WAL mode useful [11].

The shared memory file is created automatically when WAL mode is en-
abled. You do not need to manage it directly, but you should be aware that it
exists and understand that its presence indicates WAL mode is active. If the
-shm file disappears while processes are using the database, corruption can
result.
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WAL Lifecycle Diagram

Understanding the complete WAL lifecycle helps you troubleshoot issues like
unboundedWAL growth and checkpoint failures. The following diagram shows
how data flows through a WAL-mode database under normal operation:

1 +------------------+ +-------------------+ +------------------+
2 | Application | | SQLite Engine | | Filesystem |
3 | (Your Code) | | | | |
4 +--------+---------+ +--------+----------+ +--------+---------+
5 | | |
6 | BEGIN IMMEDIATE | |
7 |------------------------->| |
8 | | Acquire RESERVED lock |
9 | |------------------------->|
10 | | |
11 | INSERT/UPDATE | |
12 |------------------------->| |
13 | | Write page to WAL |
14 | | append frame |
15 | |------------------------->|
16 | | (app.db-wal grows) |
17 | | |
18 | COMMIT | |
19 |------------------------->| |
20 | | Write commit record |
21 | | fsync(WAL) |
22 | |------------------------->|
23 | | Release lock |
24 |<-------------------------| |
25 | Success | |
26 | | |
27 | [Readers see committed data via WAL] |
28 | | |
29 | | Automatic checkpoint |
30 | | (at wal_autocheckpoint) |
31 | | Copy WAL frames -> main |
32 | |------------------------->|
33 | | Truncate WAL |
34 | |<-------------------------|

Key observations from this flow:

First, writes never touch the main database file directly. They always go
to the WAL first. This is why readers can continue accessing the original data
while writes are happening.
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Second, the fsync on the WAL file is the durability boundary. Once the
commit record is durably stored in the WAL, the transaction is considered
committed even though the main database file has not been updated yet.

Third, checkpointing is what keeps the WAL from growing indefinitely.
Without checkpointing (for example, if a long-running read transaction pre-
vents it), the WAL can grow to fill your disk. We will cover this failure mode in
detail later.

Fourth, readers see data through the WAL. When a reader queries the
database, SQLite checks both the main file and the WAL to construct a con-
sistent view of committed data. This is why simply copying the main database
file without the WAL produces an incomplete backup.

The SQLite Process Lifecycle

Understanding how SQLite initializes and shuts down helps you avoid subtle
bugs in production applications.

Initialization

When your application calls sqlite3_open() or sqlite3_open_v2(), SQLite per-
forms several steps:

1. It parses the filename to determine the VFS (virtual filesystem) to use.
2. It opens the database file for reading and writing.
3. It reads the database header to verify the file format and extract config-

uration.
4. It initializes the page cache in memory.
5. If WAL mode is enabled, it opens or creates the WAL and shared memory

files.

The sqlite3_open_v2() function provides more control over this process,
allowing you to specify open flags (read-only, read-write, create if not exists),
the VFS name, and other options. For production applications, using sqlite3_-
open_v2() with explicit flags is recommended to avoid unexpected behavior
[12].
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Connection Management

Each call to sqlite3_open() creates a separate database connectionwith its own
page cache, statement cache, and transaction state. Connections are relatively
lightweight but not free: each one holds file descriptors and memory. In a web
application that creates a new connection for every request, this can lead to
resource exhaustion under load.

The correct pattern depends on your deployment model. For a single-
process application, you typically create one connection at startup and reuse it
throughout the process lifetime. For multi-threaded applications, you need to
ensure thread safety, which SQLite supports through its serialization modes.
For web servers that spawn multiple worker processes, each process should
have its own connection.

Shutdown

When your application calls sqlite3_close(), SQLite performs a passive check-
point if WALmode is active, flushes any remaining data to disk, and releases all
resources. If the connection has an active transaction, it is rolled back.

In production, you should always close connections explicitly rather than
relying on process termination. Sudden process death can leave the database
in a state where recovery takes longer on the next open. For long-running ser-
vices, implement graceful shutdown handlers that close database connections
before exiting.

Thread Safety and Serialization Modes

SQLite supports three threading modes that determine how safely it can be
used from multiple threads. These modes are selected at compile time and
cannot be changed at runtime.

Single‐Threaded Mode (THREADSAFE=0)

In single-threadedmode, SQLite assumes it is only ever called from one thread.
Using SQLite frommultiple threads in this mode results in undefined behavior.
This mode provides the best performance but should only be used when you
can guarantee single-threaded access.
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Multi‐Threaded Mode (THREADSAFE=1)

Multi-threaded mode allows SQLite to be used from multiple threads as long
as no single database connection is accessed from more than one thread at a
time. Each threadmust have its own connection, but connections can share the
same database file. This is the recommended mode for most multi-threaded
applications.

Serialized Mode (THREADSAFE=2)

Serialized mode allows any SQLite function to be called from any thread at any
time, even with the same connection. SQLite internally serializes all access
using mutexes. This provides the highest level of safety but adds overhead
from locking. The default build of SQLite uses serialized mode.

Most production applications should use either multi-threaded or serial-
ized mode. Multi-threaded mode with one connection per thread is typically
the best balance of safety and performance. Serialized mode is simpler to use
correctly but can become a bottleneck under high concurrency.

You can check the threading mode of your SQLite build by calling sqlite3_-
threadsafe(), which returns 0, 1, or 2 corresponding to the three modes
described above.
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on Leanpub at https://leanpub.com/productionsqlite.

Basic Trigger Syntax

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Audit Logging Trigger

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Validation Trigger

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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INSTEAD OF Triggers on Views

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Trigger Performance Considerations

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Virtual Tables: The fts5 Extension

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Creating an FTS5 Table

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

External Content Tables

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

FTS5 Query Syntax

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Ranking Results

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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FTS5 Tokenizers

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Virtual Tables: The json1 Extension

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Storing JSON in SQLite

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Extracting Values

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

json_each and json_tree

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

When to Use JSON Columns

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Using Custom Collations and Functions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Custom Collations

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Custom Functions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Chapter 6: JSON, Full‐Text Search, and
Modern Data Types
This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Native JSON Storage and Indexing

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

How SQLite Stores JSON

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Validating JSON Input

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

JSON Data Types and Behavior

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Indexing JSON Fields

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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JSONB in SQLite 3.45.0+

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

JSON Functions and Operators

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Extraction Functions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Modification Functions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Aggregation Functions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Table‐Valued Functions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

FTS5 Full‐Text Search Engine

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Creating FTS5 Tables

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

MATCH Queries

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Ranking and Relevance Scoring

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Highlighting and Snippets

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

FTS5 Configuration Options

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

FTS5 Maintenance

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Combining JSON and FTS5 in Production

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Searching JSON Content

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Hybrid Search Queries

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Alternatives to Document Stores

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Chapter 7: Performance Tuning and
Benchmarking
This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Critical Pragmas for Production

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

The Essential Production Configuration

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

journal_mode =WAL

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

synchronous = NORMAL

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

busy_timeout = 5000

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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cache_size = ‐64000

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

temp_store = MEMORY

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

mmap_size = 20000000000

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Synchronous Modes and Durability Trade‐offs

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

FULL: Maximum Durability

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

NORMAL: Balanced Durability

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

OFF: Maximum Performance, Minimum Durability

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Cache Size and Memory Management

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Understanding the Page Cache

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Sizing the Cache

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

soft_heap_limit

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

PRAGMA optimize

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Batch Inserts and Bulk Operations

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Transactional Batch Inserts

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Optimal Batch Size

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Disabling Indexes Temporarily

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

VACUUM INTO for Bulk Loads

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Benchmarking Methodologies That Work

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Control Your Variables

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Use Realistic Workloads

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Measure What Matters

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Sample Benchmark Script

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Synchronous Mode Performance Comparison

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Storage Tier Impact on Performance

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Concurrent Workload Benchmarks

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Read‐Only Performance at Scale

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Benchmarking Against Alternatives

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Profiling Slow Queries in Production

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Enable Query Logging

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Use EXPLAIN QUERY PLAN in Production

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Monitor WAL Size

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

PRAGMA integrity_check

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Observability: Metrics, Tracing, and Alerting

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Key SQLite Metrics to Export

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Collecting Metrics with PRAGMA

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Integration with Prometheus and Grafana

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

OpenTelemetry Tracing for SQLite

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Health Check Endpoints for Containers

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Alerting Thresholds and Correlation

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Chapter 8: Backup, Recovery, and High
Availability
This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Online Backup API and Tools

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

How the Backup API Works

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Using the Backup API from Python

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

The .backup Command

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Filesystem‐Level Backups with WAL

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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The Consistency Problem

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Safe Filesystem Backup Procedure

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Using Copy‐on‐Write Filesystems

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Point‐in‐Time Recovery Strategies

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

WAL‐Based Recovery

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Litestream for Continuous Replication

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

How LitestreamWorks

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Litestream Configuration

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Restoring with Litestream

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Replication Architectures (litestream, rqlite)

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Litestream: Asynchronous Disaster Recovery

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

rqlite: Consensus‐Based Replication

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

rqlite Architecture

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

rqlite Trade‐offs

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Shared‐Nothing Replication Architecture Diagram

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Comparing Approaches

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Disaster Recovery Runbooks

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Essential Runbook Contents

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Sample Litestream Recovery Runbook

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Testing Your Backup Strategy

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Automated Restore Tests

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Filesystem Permissions and Ownership

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Setting Correct Permissions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Directory Permissions

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Avoid World‐Readable Databases

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

SQL Injection Prevention Patterns

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Never Concatenate User Input

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Use Parameterized Queries

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Prepared Statements for Performance Too

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Dynamic Identifiers Require Care

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

SQLite Encryption Extensions (SEE) and Alternatives

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

SQLite Encryption Extension (SEE)

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

SQLCipher

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

SQLite3 Multiple Ciphers

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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Key Management

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

When Encryption Is Necessary

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

Sandboxing with PRAGMA

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

secure_delete

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

temp_store

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

mmap_size

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.

foreign_keys

This content is not available in the sample book. The book can be purchased
on Leanpub at https://leanpub.com/productionsqlite.
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