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FRONT MATTER

Preface to the Second Edition

The first edition of this book was published on 12 November 2021. Two weeks later,
SQLite 3.37.0 added STRICT tables — the largest change to how a schema is written in a
decade. Seven months after that, 3.39.0 added RIGHT JOIN and FULL OUTER JOIN, and
one of this book’s chapters became an explanation of a workaround for a problem that no
longer exists.

That is the case for a second edition, and it is also the case for a light touch. Krishna
Rungta’s original is a good teaching text. It moves quickly, it shows the command and
then the result, and it does not pad. The SQL it teaches is correct and, with two
exceptions this edition marks clearly, still current. The screenshots still show what a
reader will see, allowing for a shell that now draws boxes around its output.

So nothing has been removed. Every paragraph, every step, every screenshot of the first
edition is here, in its original order and its original words. What this edition adds, it adds
around them.

Each chapter now opens with a short panel saying what it covers, and closes with three
things: a green callout headed IN MODERN SQLITE that says what has changed since the
first edition and what was always true but unsaid, a set of reference tables, and a handful
of takeaways. Where the first edition’s text has been overtaken by a release, the callout
says so plainly and gives the version — but the original passage stays, because a reader
will meet that workaround in existing code and should recognise it.

Part IV is new: four chapters on the engine as it stands. The first covers STRICT tables,
generated columns, and how to migrate a schema onto them. The second teaches the
modern query surface — window functions, recursive CTEs, UPSERT, RETURNING —
properly rather than in passing. The third covers what SQLite does that is not relational:
JSON, full-text search, spatial indexes, and vector search. The fourth builds one small
application from schema to deployment, including the dozen lines of configuration that
separate something that works from something that survives.

Part V is new too: a glossary, an index, and a cross-reference that maps every technique
in the first edition to what a reader would write today, with the release that made the
difference.

A word on what this edition is careful about. Writing about SQLite in 2026 means writing
about two things moving at different speeds. The engine itself is conservative, tested to a
degree almost nothing else is, and its facts stay true: STRICT tables arrived in 3.37.0 and
always will have. The ecosystem around it — the replication tools, the hosted services, the



extensions — moves quickly enough that a book is the wrong medium for it. Where this
edition covers the ecosystem, it says when it was written and points at the project’s own
documentation. Where it covers the engine, it does not hedge.

Every version number in the new material was checked against the SQLite project’s
release log rather than recalled. Several turned out to be different from what a careful
reader would have guessed.

Our thanks to Krishna Rungta, whose book this remains.
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How to Read This Book

There are three ways in, depending on what you already know.

If SQLite is new to you, read straight through. Parts | to Ill are the first edition’s course
and they work as one: install the shell, make a database, make some tables, put data in,
get it out again. Read the green callouts as you reach them, but do not stop to chase
what they mention — they are signposts to Part IV, not detours. When you get to Part IV,
the four chapters will land on ground you have already covered.

If you know SQLite from the first edition or from practice, read the green callouts
first. There are ten of them, one per chapter, and together they are a short account of
what changed in the engine between 2021 and now. Then read Part IV. Two of the callouts
— Chapter 1's and Chapter 7's — correct claims the first edition makes; those are the ones
to read even if you skip the rest.

If you know SQL from PostgreSQL or MySQL and want SQLite specifically, read
Chapter 5 on data types and Chapter 4 on keys and constraints, then Chapter 11. That is
where SQLite differs from what you expect: types are advisory unless a table is STRICT,
foreign keys are off until each connection turns them on, and a primary key can be null.
Then read Chapter 14’s second half, which is the operational knowledge that is otherwise
scattered.

What the boxes mean

A light blue panel at the top of a chapter says what the chapter covers, and what the
new edition has added to it.

A green callout headed IN MODERN SQLITE is new-edition material. It never
contradicts the walkthrough above it silently: where the first edition’s text has been
overtaken, the callout says so and names the release.

An amber callout headed WATCH OUT marks something that fails quietly — a default
that is not what it looks like, a trigger that goes stale without erroring.

A grey panel headed KEY TAKEAWAYS closes each chapter with the four or five things
worth remembering.

Reference tables and process diagrams are new-edition material throughout.



The screenshots

The screenshots in Parts | to Il are the first edition’s, exactly as they were taken, without
annotation. They show the sqlite3 shell printing pipe-separated results, which is what it
did in 2021 and what it still does in a script. An interactive session on a current build
draws a box instead. Chapter 2 explains why, and gives the one command that restores
the older appearance if you want your terminal to match the page.

Running the examples

Everything in Parts | to Ill runs against the sample database the first edition builds in
Chapter 2. Part IV's examples continue against the same tables, except Chapter 14, which
builds its own from scratch.

A current SQLite is worth having before you start. The examples in Part IV use features
that a five-year-old build will not have, and each says which release introduced what it
uses.



FRONT MATTER

Conventions Used in This Book

Convention Meaning

SELECT, PRAGMA SQL keywords and statements

sqlite_master, Students Table names

.mode qgbox, .import sqglite3 shell dot-commands

bm25(), json_extract() Function names

STRICT, WITHOUT ROWID Table and column modifiers

SELECT * FROM t; in a shaded block SQL to run, or its output

Italics Emphasis, and the names of third-party projects
on first use

3.37.0 A SQLite release. Version numbers appear only

where a feature’s availability depends on one

On version numbers

This book names a release only when it answers a question a reader will actually have: is
this feature in the SQLite | am running. Those facts do not expire — STRICT tables arrived
in 3.37.0 and always will have. What this book does not do is state which release is
current, because that changes monthly and the answer would be wrong before the ink
dried.

On terminology

Where SQLite has renamed something, the first edition’s term is kept in the prose so that
the text matches the screenshots, and the rename is noted once in the chapter where it
belongs. The one case in this book is sqlite_master, which since 3.33.0 is also spelled
sqlite_schema. Both work. Neither is deprecated. Chapter 2 has the note.

Modern SQLite in this book means the engine as the project ships it now, without
reference to a particular release. Where a distinction matters, the release is named.

On examples

New-edition examples use the first edition’s tables — Students, Departments,
Subjects, Marks - so they can be run against the database Chapter 2 builds. Chapter 14
is the exception and says so.

10
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Dates in new-edition examples are 1ISO-8601 (2026-07-17). Where a date is stored as a
number it is Unix time. Currency, where it appears, is US dollars.

11



PART ONE

SQLite Foundations

What SQLite is, where it belongs, and how to make a database to
work in.

IN THIS PART

01 Introduction 02 Create Database



CHAPTER 01

Introduction

What this chapter covers. What SQLite is, how it differs from a client/server database,
where its performance comes from, and what it deliberately does not do. The original
introduction is preserved in full. The closing section revisits its list of limitations, several of
which the engine has since outgrown.

What is SQLite?

SQLite is a relational database management system. It was designed originally on August
2000. It is an Open source software.

* SQLite is very lightweight; it is less than 500Kb size. Unlike other database
management systems like SQL Server, or Oracle.

* SQLite is not a client-server database management system: it is an in-memory
library that you can call it and use it directly, no installation and no configuration
required.

* A typical SQLite database will be contained on a single file on the computer disk
storage with all the database objects (tables, views, triggers, etc.) included on
that file, no dedicated server required.

SQLite Performance - Why and When to use SQLite?
When to use SQLite:

* Whenever you need a lightweight database, if you are developing an embedded
software for devices like televisions, mobile phones, cameras, home electronic
devices, etc. then SQLite is a good choice.

 If you want to manage complex session information for a website, SQLite can
handle low to medium traffic HTTP requests.

* When you need to store an archive of files, SQLite can produce smaller size
archives and much amount metadata included than regular ZIP archives.

* If you want to do some processing on some data within an application, you can
use SQLite as a temporary dataset. You can load the data into an SQLite in-
memory database and do the queries the way you want. You can extract the data
in the way you want back to your application.

* It gives you an easy and efficient way to deal with data rather than do the data
processing internally inside in-memory variables. For example, if you are
developing a program and you have some records that you want to do some
calculations on them. Then you can create an SQLite database and insert the
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records there, and with only one query, you can select the records and do the
calculations you want on them directly.

* When you need a database system for learning and training purposes, SQLite is a
good fit for that. As we explained, no installation and no configuration are
required. Just copy the SQLite libraries in your computer and is ready for creating
the database.

Why to use SQLite:

* It is all free - SQLite is an open source, no license required to work with it.

* SQLite is cross-platform database management system; it can be used on a broad
range of different platforms like Windows, Mac OS, Linux, and Unix. It can also be
used on a lot of embedded operating systems like Symbian, and Windows CE.

» SQLite offers an efficient way for storing data, the length of the columns is
variable and is not fixed. So SQLite will allocate only the space a field needs. For
example, if you have a varchar(200) column, and you put a 10 characters' length
value on it, then SQLite will allocate only 20 characters' space for that value not
the whole 200 space.

* A broad range of SQLite APIs - SQLite provides APIs for a broad range of
programming language, for example.Net languages (Visual Basic, C#), PHP, Java,
Objective C, Python and a lot of other programming language.

* SQLite is very flexible.

o SQLite variables are dynamic typed, meaning that the type of the
variable is not determined until it is assigned a value, and not on the
declaration.

o INSERT ON CONFLICT REPLACE statement. With this statement, you can
tell SQLite to try to do an insert on a table and if it found rows with the
same primary keys, then update them with the values from the inserted
values.

o With SQLite, you can work on multiple databases on the same session on
the same time. just attach those databases and then you can access all
the databases' objects (tables, views, etc..) on the same time.

SQLite limitations and Unsupported Features

The following are the list of unsupported features and limitations in SQLite:

* SQLite doesn't support neither RIGHT OUTER JOIN nor FULL OUTER JOIN. It
supports only LEFT OUTER JOIN.

14



* Limitations in ALTER table statement: with ALTER TABLE statement in SQLite you
can only add a column or rename a table (as we will see in the following
tutorials). However, you can't do the following:

o ALTER column.
> DROP a column.
o ADD a constraint.

* VIEWSs are read-only - you can't write INSERT, DELETE, or UPDATE statements into
the view. However, you can create a trigger on a view and do the INSERT,
DELETE, or UPDATE statements into it.

* GRANT and REVOKE commands are not implemented in SQLite. There are only
normal file access permissions implemented in SQLite. This is because SQLite
reads and writes to the disk files, unlike other Database management systems.

* TRIGGERS - As we will see in the incoming tutorials, SQLite only supports FOR
EACH ROW triggers, and it doesn't support FOR EACH STATEMENT triggers.

15



IN MODERN SQLITE

The framing that has aged best is the project’s own: SQLite is not a competitor to client/
server databases. It competes with fopen(). A program that would otherwise invent a file
format reaches for SQLite instead and gets transactions, a query language and a schema for
free. Read that way, the comparison table above is not a scorecard SQLite loses; it is a
description of a different job.

Two claims in the chapter’s limitations section have expired, and a reader working from the
first edition will hit both.

Right and full outer joins are supported

The chapter states that SQLite implements LEFT OUTER JOIN but not RIGHT JOIN or FULL
OUTER JOIN. Both arrived in version 3.39.0. The workaround the joins chapter teaches still
works and is worth reading, since it appears throughout existing code, but it is no longer
required.

Concurrency is better than the chapter implies

The write-ahead log changes the picture the introduction paints. Under PRAGMA
journal_mode = WAL, readers do not block the writer and the writer does not block
readers. One writer at a time remains the rule, which is a real constraint for write-heavy
multi-process workloads, but the “database is locked while writing” experience most readers
associate with SQLite belongs to the older rollback journal.

What has not changed

The rest of the chapter’s assessment holds. There is still no user management, still no
network layer, and the practical ceiling is still “one machine, one file”. A high-write, many-
client application still belongs on PostgreSQL or MySQL. The honest modern comparison is
not SQLite against Postgres but SQLite against DuckDB: same in-process model, opposite
workload. SQLite is a row store built for transactions and frequent small writes; DuckDB is a
column store built for analytical scans and aggregation. Neither replaces the other, and both
can be open in the same process.

16



REFERENCE TABLES

First-edition limitation claims, revisited

Claim in the first edition Status today

RIGHT JOIN and FULL OUTER JOIN unsupported Both supported since 3.39.0

Writing blocks readers Not under WAL, available since 3.7.0

Limited ALTER TABLE RENAME COLUMN since 3.25.0, DROP COLUMN
since 3.35.0

No user management Still true, and by design

Not suited to high write concurrency Still true; one writer at a time

Database size ceiling in the terabytes Still true; 281 TB theoretical maximum

Choosing the tool

Need Reach for

Embedded storage in an application, a device or a phone SQlLite

A file format for a document or a data set SQLite

A website with modest, mostly-read traffic SQLite

Many concurrent writers across machines PostgreSQL, MySQL
Per-user accounts and network access control PostgreSQL, MySQL
Analytical scans and aggregation over large data DuckDB
Transactional reads and writes of individual rows SQLite

Does the data need to be reached over a network by many writers?

yes no
PostgréSQL / MySQL Is the work ana{ytical scans and aggregation?
jes w0
DucLDB SOthe
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KEY TAKEAWAYS

* SQLite competes with fopen(), not with PostgreSQL. The comparison that matters is
against writing a bespoke file format.

¢ RIGHT JOIN and FULL OUTER JOIN became supported in 3.39.0; the first edition’s list of
unsupported joins is out of date.

*« WAL mode removes the reader/writer blocking the introduction describes, but one writer at
a time remains the rule.

* No user management and no network layer are deliberate omissions, not gaps awaiting a
fix.

* DuckDB is the honest modern comparison: same in-process model, analytical workload
rather than transactional.

18



CHAPTER 02

Create Database

What this chapter covers. Creating a database with the sqlite3 command, choosing
where the file lives, populating it from a SQL script, backing it up, and deleting it. The
original walkthrough and its screenshots are preserved. The closing section adds the backup
options the first edition predates and explains why a modern terminal will not look like the
screenshots.

SQLite databases are very lightweight. Unlike other database systems, there is no
configuration, installation required to start working on SQLite database.

What you need is the SQLite library which is less than 500KB size. We will jump start
working on SQLite databases and tables directly.

SQLite CREATE Database

Unlike other database management systems, there is no CREATE DATABASE command in
SQLite. In SQLite, here is how you can create a new database:

* Open the Windows Command Line tool (cmd.exe) from the start, type "ecmd" and

open it.
* The "emd" will open in the default user folder, on my machine, it is "C:
\Users\MGA":
g - - - - -

Administrator: Command Prompt

Microsoft Windows [Version 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\HGA>

Figure (Ch 2). Original screenshot from the first edition.

* From the Installation and packages tutorial, you should now have created an
SQLite folder in the "C" directory and copied the sqglite3.exe on it.

» After that we should navigate to where the sqlite3.exe is located by the following
command:

19



Microsoft Windows [Version 6.1.7601]
Copyright {c) 2009 Microsoft Corporation. HAll rights reserved.

C:\Users\MGA>cd C:\sqlite

C:\sqlite>

Figure (Ch 2). Original screenshot from the first edition.

* Then type the following command
sqlite3 SchoolDB.db

* This will create a new database with the name "SchoolDB.db"in the same
directory where you have copied your .exe file.

C:\sqlite>salite3 SchoolDB.db
SQLite version J3.9.2 2015-11-02 18:31:45

Enter ".help” for usage hints.

sqlite>

Figure (Ch 2). Original screenshot from the first edition.

* If you navigate to the directory: "c:\sqlite", you will find the file
"SchoolDB.db"is created as the following screen shot:

,[ Ci\sglite
| ———ee R — e —— R ——
v Include in library » Share with = Burn New folder
ktop = Name Date modified
vnloads -
sample V10/1Y/1Y p «TiT
ent Places "
: ¥ SchoolDB.db S TANVARTIAA):
Drive —
" 1 sqlite3.exe Te10 T oo + 1180
! ¥ sQLiteTutorialsDB.db BLTANVARTRL 4,
ies :
=y SQLiteTutorialsDB.sq| Y 10/\Y/IY o Y ok

Figure (Ch 2). Original screenshot from the first edition.

* You can ensure that the database is created by writing the following command:
.databases
This will give you the list of databases created, and you should see the new
database "SchoolDB.db"listed there:



C:\sqlite\SchoolDB.db

Figure (Ch 2). Original screenshot from the first edition.

SQLite CREATE Database in a Specific Location:

If you want to create the database file in a specific location rather than in the same
location where the sqlite3.exe is located, you can do this:

* Navigate manually to the folder where sqglite3.exe is located "C:\sqlite".

e —
v Include in library ¥ Share with ¥ Burn New folder
e = Name ’ Date modified
ktop sample YO/ T/ 1T 8 TP
inloads ¥ schoolDB.db ¥-10/1Y/1Y p < TiYY
ent Places ® | sqlite3.exe v.10 A IRA T £
*Drive ' SQLiteTutorialsDB.db Y18/ Y/\Y p - TiEY
3 5y SQLiteTutorialsDB.sql Y10/ \Y/\Y yo ) 1L/
ies | F test1S.db Y10/ Y/1E o oAk
uments ¥ tdb.db V10/1Y/1V p - L:E8
ki

Figure (Ch 2). Original screenshot from the first edition.

* Double click sqlite3.exe to open the command line.

* Run the following command:
.open c:/users/mga/desktop/SchoolDB.db

* This will create a new database with the name "SchoolDB.db"and store the
database file in the location specified.
Note that, the same command will be used to open the database file if the
database file is already created. So if you write the same exact command again
you will open the database itself:
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.open c:/users/mga/desktop/SchoolDB.db

* SQLite will check the file name "SchoolDB.db" whether it is found in the same
location or not. If the file exists, it will open it. Otherwise, a new database will be
created with the same file name specified in the specified location.

SQlLite create database and populate it with tables from a file

If you have a .SQL file that contains the tables schema and you want to create a
new database with the same tables from that file, in the following example, we
will explain how to do this.

Example:

In the following example, we will create the sample database. We will use this
sample database throughout the SQLite tutorials, with the name
"SQLiteTutorialsDB" and populate it with the tables. As following:

* Open a text file and paste the following commands on it:

CREATE TABLE [Departments] (

[DepartmentId] INTEGER NOT NULL PRIMARY KEY,
[DepartmentName] NVARCHAR(50) NOT NULL

);

CREATE TABLE [Students] (

[StudentId] INTEGER PRIMARY KEY NOT NULL,
[StudentName] NVARCHAR(50) NOT NULL,
[DepartmentId] INTEGER NULL,
[DateOfBirth] DATE NULL

);

CREATE TABLE [Subjects] (

[SubjectId] INTEGER NOT NULL PRIMARY KEY,
[SubjectName] NVARCHAR(50) NOT NULL

) E

CREATE TABLE [Marks] (
[StudentId] INTEGER NOT NULL,
[SubjectId] INTEGER NOT NULL,
[Mark] INTEGER NULL

);

The code above will create four tables as following:

* "Departments” table with the following columns:

o "Departmentld"” an integer number indicates the department id, and it
is declared as a PRIMARY KEY (explained later in Column Constraints
Section).
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o "DepartmentName" - a string name for the department, and it doesn't
allow null values using NOT NULL constraint.

» "Students" table with the following columns:
o "Studentld" an integer number, and it is declared as a PRIMARY KEY.

o "StudentName" - the name of the student and it doesn't allow a null
value using NOT NULL constraint.

o "Departmentld" Integer number that refers to the department Id to the
department id column in the departments table.

o "DateOfBirth" The date of birth of the student.

* "Subjects" table with the following columns:
o "Subjectld" an integer number and it is declared as a PRIMARY KEY.
o "SubjectName" a string value and it doesn't allow null values.

* "Marks" table with the following columns:

o "Studentld" integer indicates a student id.
o "Subjectld" integer indicates a subject Id.

o "Mark" the mark a student gets in a specific subject it is also integer and
it does allow null values.

* Save the file to SQLite as "SQLiteTutorialsDB.sql" in the same location where
sqlite3.exe is located.

* Open cmd.exe, and navigate to the directory where sqglite3.exe is located.

* Write the following command:
sqlite3 SQLiteTutorialsDB.db < SQLiteTutorialsDB.sql

¢ Then, a new database "SQLiteTutorialsDB" should be created, and the file
"SQLiteTutorialsDB.db" will be located in the same directory. As following:

23



Name Date modified

§ SchoolDB.db CYO/YE/1Y & LYY
® | sqlite3.exe v.\a ¥ o <150
¥ sQLiteTutorialsDB.db B VAP e

= SQLiteTutorialsDB.sq| Y

O
L
1

Figure (Ch 2). Original screenshot from the first edition.

* You can ensure that this table is created by opening the database we just created
like this:
.open SQLiteTutorialsDB.db

* Then write the following command:
.tables

* This command will give you the list of tables in the "SQLiteTutorialsDB", and
you should see the four tables we had just created:

sqlite> .open SQLitelutorialsDB.db
sqlite> .tables
Departments Marks Students Subjects

sqlite>

Figure (Ch 2). Original screenshot from the first edition.

SQLite Backup & Database
To back up a database, you have to open that database first as following:
* Navigate to "C:\sqlite" folder, then double-click sqlite3.exe to open it.

* Open the database using the following command:
.open c:/sqlite/sample/SchoolDB.db
This command will open a database that is located on the following directory "c:/
sqlite/sample/"

 If it is in the same directory where sqlite3.exe is located, then you don't need to
specify a location, like this:
.open SchoolDB.db

* Then to back up a database write the following command:
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* This will back up the whole database into a new file "SchoolDB.db" in the same

directory:
.backup SchoolDB.db

* If you don't see any errors after executing that command, this means that the
backup is created successfully.

SQLite Drop Database

Unlike other Database management systems, there is no DROP DATABASE
command in SQLite. If you want to drop a database, all you have to do is to
delete the database file.

Notes:

* You can't create two databases in the same location with the same name, the
database name is unique in the same directory.

e Database names are case insensitive.

* There are no privileges required to create the databases.
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IN MODERN SQLITE

The shell has changed appearance

The screenshots in this chapter show the sqlite3 shell as it printed results in 2021: pipe-
separated columns, no borders. An interactive session on a current build looks different.
Version 3.53.0 made .mode gbox the default for interactive use, which draws results in a
bordered box and quotes text values, and added the Query Result Formatter that renders it.
Scripted and piped sessions still default to the old list mode, so automation is unaffected.
Nothing about the SQL changed. If a reader wants the screenshots’ appearance back, .mode
list restores it.

Backup has better options than .dump

The chapter backs a database up by redirecting .dump to a text file. That still works and
remains the right choice when the goal is a portable, diffable, human-readable script. For a
binary copy there are now better tools.

VACUUM INTO, added in 3.27.0, writes a compacted copy of a live database to a new file in
a single statement. Unlike a plain VACUUM it does not need a write lock on the original, and
unlike .dump it produces a real database file rather than a script that has to be replayed.
The target must not already exist.

The .backup command wraps SQLite’s online backup API, which copies a live database a few
pages at a time rather than holding a lock for the duration. There is a catch worth knowing: if
another connection writes to the source mid-copy, the backup restarts, and under a steady
stream of writes it may never finish.

For a database that must survive the machine it lives on, neither is the answer. Litestream
continuously streams the write-ahead log to object storage, giving point-in-time recovery
without a scheduled job. It is covered in the capstone chapter.

sqlite_master is now also sqlite_schema

The screenshots throughout this book query sqlite_master for the list of objects in a
database. Since 3.33.0 that table is also spelled sqlite_schema, which is the name the
documentation now prefers. Both work and will continue to; sqlite_master is not
deprecated. This book keeps the classic name in its prose so that the text matches the
screenshots, and this is the only place the rename is noted.
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REFERENCE TABLES

Ways to copy a database, compared

Method Produces Locks the source Good for
.dump SQL text script Read lock for the Portable, diffable,
duration version-controlled
dumps
VACUUM INTO Compacted database No write lock needed Snapshots and
file compaction in one
step
.backup Database file Brief lock per step Copying a database

that is in use

File copy Database file Unsafe while open Nothing, unless the
database is closed

Litestream Continuous replica None Disaster recovery,
point-in-time restore

Shell output modes worth knowing

Command Effect

.mode list Pipe-separated, the mode the screenshots show
.mode box Bordered box drawing
.mode gbox Bordered box with quoted text; the interactive

default since 3.53.0
.mode table ASCII table borders

.headers on Print column names

KEY TAKEAWAYS

* VACUUM INTO is the modern one-statement backup: a compacted database file, no write
lock on the original, target must not exist.

* .dump is still right when the goal is a portable text script rather than a binary copy.

* sqlite_master is also spelled sqlite_schema since 3.33.0. Both work; neither is
deprecated.

* An interactive shell defaults to .mode qbox since 3.53.0, so it will not match the
screenshots. .mode list restores the old appearance.

e Litestream, not a backup command, is the answer for continuous replication.
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