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the need to ever specify it again on future INSERT statements. In fact, you can dispense with 
ever having to write UPDATE statements to this table again—just write INSERT statements and let 
SQLite do the dirty work of figuring out what to do using the conflict resolution rules defined in 
the schema.

Finally, SQLite lets you “attach” external databases to your current session. Say you are 
connected to one database (foo.db) and need to work on another (bar.db). Rather than opening 
a separate connection and fumbling back and forth between them, you can simply attach the 
database of interest to your current connection with a single SQL command:

ATTACH database bar.db as bar;

All of the tables in bar.db are now accessible as if they existed in foo.db. You can detach it just 
as easily when you’re done. This makes all sorts of things like copying tables between databases 
even easier than it already is.

Performance and Limitations
SQLite is a speedy database. But the words “speedy,” “fast,” “peppy,” or “quick” are rather 
subjective, ambiguous terms. To be perfectly honest, there are things SQLite can do quicker 
than other databases, and there are things that it cannot. Suffice it to say, within the parameters 
for which it has been designed, SQLite can be said to be consistently fast and efficient across 
the board. SQLite uses B-trees for indexes and B+-trees for tables, the same as most other data-
base systems. For searching a single table, it is as fast if not faster than any other database on 
average. Simple SELECT, INSERT, and UPDATE statements are extremely quick—virtually at the 
speed of RAM (for in-memory databases) or disk. Here SQLite is often faster than other data-
bases, as it has less overhead to deal with in starting a transaction or generating a query plan, 
and it doesn’t incur the overhead of making a network call to the server. Its simplicity here 
makes it fast. As queries become larger and more complex, however, query time overshadows 
the network call or transaction overhead, and the game goes to the database with the best opti-
mizer. This is where larger, more sophisticated databases begin to shine. While SQLite can 
certainly do complex queries, it does not have a sophisticated optimizer or query planner. It 
knows how to use indexes to be sure, but it doesn’t keep elaborate table statistics. If you perform 
a 17-way join, SQLite will join the tables and give you the result. What it won’t do is try to determine 
optimal paths by computing various alternate query plans and selecting the fastest candidate, as 
you might expect from Oracle or PostgreSQL. Thus if you are running complex queries on large 
data sets, odds are that SQLite is not going to be as fast as databases with sophisticated query 
planners. 

So there are situations where SQLite is not as fast as larger databases. But many if not all 
of these conditions are to be expected. SQLite is an embedded database designed for small to 
medium-sized applications. These limitations are in line with its intended purpose. Many new 
users make the mistake of assuming that they can use SQLite as a drop-in replacement for 
larger relational databases. Sometimes you can; sometimes you can’t. It all depends on what 
you are trying to do. 
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In general, there are three major variables that define SQLite’s main limitations. These 
variables are:

• Concurrency. SQLite has coarse-grained locking, which allows multiple readers but 
only one writer at a time. Writers exclusively lock the database during writes and no one 
else has access during that time. SQLite does take steps to minimize the amount of time 
in which exclusive locks are held. Generally, locks in SQLite are kept for only a few milli-
seconds. But as a general rule of thumb, if your application has high write concurrency 
(many connections competing to write to the same database) and it is time critical, you 
probably need another database. It is really a matter of testing your application to know 
what kind of performance you can get. I have seen SQLite handle over 500 transactions 
per second for 100 concurrent connections in simple web applications. But even the 
notion of a transaction is vague. Transactions are a function of the number of records 
being modified, as well as the number and complexity of the queries involved. Acceptable 
concurrency all depends on your particular application, and can only be determined 
empirically by direct testing. In general, this is true with any database: you don’t know 
what kind of performance your application will get until you do real-world tests.

• Database size. While SQLite’s databases can scale to 2 terabytes, there are memory 
(RAM) costs associated with large databases. When SQLite begins a transaction, it allo-
cates a bitmap for tracking dirty pages, which assists in managing its rollback journal. To 
do this, it requires 256 bytes of RAM for every 1MB of database. Thus, when databases 
become very large, the size of the bitmap allocated in each transaction can become 
significant. A 100GB database would require 25MB of RAM to be allocated before each 
transaction. This directly affects the rate at which transactions can be performed regardless 
of their complexity. So in reality, the practical limits on database size are in the tens of 
gigabytes. They can be much bigger, but keep in mind that the overhead associated with 
transaction startup will increase linearly with the database size.

• Networking. While SQLite databases can be shared over network file systems, the latency 
associated with such file systems can cause performance to suffer. Worse, bugs in network 
file system implementations can also make it error prone. If the file system’s locking 
does not work properly, two clients may be allowed to simultaneously modify the same 
database file, which will almost certainly result in database corruption. It is not that 
SQLite is incapable of working over a network file system because of anything in its 
implementation—indeed, it uses standard locking mechanisms such as POSIX advisory 
locks on Unix and the equivalent system calls on Windows. Rather, it is simply impos-
sible for SQLite to officially confirm that any given network file system is without bugs 
that may adversely affect its operation. It has been claimed that certain network file system 
implementations (such are Solaris NFS v4) work just fine and reliably implement the 
requisite locking mechanisms needed by SQLite. However, the SQLite developers have 
neither the time nor resources to certify that any given network file system works flawlessly 
in all cases. Therefore, the official position is that it is safe to use SQLite over a network 
file system only if there is no more than one connection operating on a given database at 
a time—which is to say when no locking is required.
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Again, most of these limitations are intentional—they are a result of SQLite’s design. 
Supporting high write concurrency, for example, brings with it great deal of complexity and 
this runs counter to SQLite’s simplicity in design. Similarly, being an embedded database, 
SQLite intentionally does not support networking. This should come as no surprise. In short, 
what SQLite can’t do is a direct result of what it can. It was designed to operate as a modular, 
simple, compact, and easy-to-use embedded relational database whose code base is within the 
reach of the programmers using it. And in many respects it can do what many other data-
bases cannot, such as run in embedded environments where actual power consumption is a 
limiting factor.

While SQLite’s SQL implementation is quite good, there are some things it currently does 
not implement. These are as follows:

• Foreign key constraints. Foreign keys are the foundation of referential integrity in relational 
databases. While SQLite parses them, it currently does not have support for foreign keys. 
It does support check constraints, and foreign key support is estimated to be completed 
by sometime in 2006.

• Complete trigger support. There is some support for triggers but it is not complete. Missing 
features include FOR EACH STATEMENT triggers (currently all triggers must be FOR EACH ROW), 
INSTEAD OF triggers on tables (currently INSTEAD OF triggers are only allowed on views), 
and recursive triggers—triggers that trigger themselves. Recursive triggers are needed in 
order to implement foreign key constraints.

• Complete ALTER TABLE support. Only the RENAME TABLE and ADD COLUMN variants of the 
ALTER TABLE command are supported. Other kinds of ALTER TABLE operations such as 
DROP COLUMN, ALTER COLUMN, and ADD CONSTRAINT are not implemented.

• Nested transactions. SQLite allows only a single transaction to be active at one time. 
Nested transactions allow for fine-grained control over larger, more complex operations 
in that parts of a transaction can be defined and rolled back in case of an error rather 
than the entire transaction.

• RIGHT and FULL OUTER JOIN. LEFT OUTER JOIN is implemented, but RIGHT OUTER JOIN 
and FULL OUTER JOIN are not. LEFT OUT JOIN can be implemented as a right outer join by 
simply reversing the order of the tables and modifying the join constraint. Furthermore, 
FULL OUTER JOIN can be implemented as a combination of other relational operations 
supported by SQLite.

• Updatable views. VIEWs in SQLite are read-only. You may not execute a DELETE, INSERT, 
or UPDATE statement on a view. But you can create a trigger that fires on an attempt to 
DELETE, INSERT, or UPDATE a view and do what you need in the body of the trigger. 

• GRANT and REVOKE. Since SQLite reads and writes an ordinary disk file, the only access 
permissions that can be applied are the normal file access permissions of the underlying 
operating system. GRANT and REVOKE commands in general are aimed at much higher-
end systems where there are multiple users who have varying access levels to data in the 
database. In the SQLite model, the application is the main user and has access to the 
entire database. Access in this model is defined at the application level—specifically, 
what applications have access to the database file.
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In addition to what is listed here, there is a page on the SQLite Wiki devoted to reporting 
unsupported SQL. It is located at www.sqlite.org/cvstrac/wiki?p=UnsupportedSql.

Who Should Read This Book
As SQLite has many uses, it also has many audiences. Whether you are a programmer, web 
developer, systems administrator, or just casual user looking to learn about relational databases, 
this book aims at helping you understand and get the most out of your particular use for SQLite.

SQLite is a terrific database to start on if you are new to relational databases. For new data-
base users, this book assumes nothing. If you have never touched a relational database before, 
if you have never issued a single SQL statement, this book will help you not only get started 
with SQLite but also become a competent user of SQL. It will prepare you to get the most out of 
SQLite, as well as provide you with a good foundation with which to move on to larger relational 
systems and explore more advanced features and topics.

For programmers, this book assumes only that you know the programming language in 
which you intend to use SQLite. Furthermore, it does more than document APIs. If anything, 
that is the least of what it does, as API documentation only illustrates how an interface works. 
As with any database, you have to have some idea of how that database works internally to get 
the most out of it. Every database has unique architectural aspects, specific relational features, 
and important limitations, all of which good programmers learn about and take into consider-
ation when writing their code. SQLite, though simple and straightforward, is no exception. As 
a programmer, you need to know something about how it processes data internally to get it to 
work well with your application. This book shows you how. It covers the API and explores how 
it works in relation to SQLite’s architecture, allowing C programmers, web developers, and 
scriptwriters alike to write more informed code. This helps you better understand not only 
what SQLite can do, but also what it can’t. Your knowledge of the architecture will tell you better 
than any list of rules when SQLite is or isn’t a good fit for what you are trying to accomplish. 
You’ll know if, when, and where you need to consider another approach.

And that underscores one of the most important aims in this book: to teach concepts over 
recipes—to adequately address both how and why. There simply is no substitute for conceptually 
understanding how something works. To that end, this book includes both historical and theoret-
ical material where appropriate to help frame complicated, technical, or abstract concepts. At 
the same time, it tries to be ruthlessly practical. Intermixed in the writing are many figures and 
examples designed specifically to illustrate the topics at hand and provide real-world value.

To help accommodate both those who want to know why in addition to those who want to 
know how, the theoretical and the practical are arranged orthogonally in chapters. Those who 
don’t care for theory can simply skip past the theoretical chapters. While the practical chapters 
draw on some of this material, they are in no way dependent upon them.

How This Book Is Organized
This book is divided into three parts: SQLite the database, SQLite the programming library, and 
reference material. The database aspects of SQLite are covered in Chapters 2, 3, and 4. The 
programming aspects of SQLite are covered in Chapters 5–8. A brief chapter outline is as follows:
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Chapter 1, “Introducing SQLite,” introduces the main features of SQLite, its origin and 
history, as well as the scope and objectives of this book.

Chapter 2, “Getting Started,” covers how to obtain and use SQLite. It illustrates how to get 
SQLite in binary and source form, as well as how to compile and build it on a variety of 
platforms. It explains how to use the SQLite command-line utility to create and work with 
databases.

Chapter 3, “The Relational Model,” provides some background behind SQL. It illustrates 
the historical and theoretical basis that led to the formation of SQL and helps explain why 
it is the way it is today. It highlights the 30-year history of the relational model in the context 
of Codd’s famous 12 rules.

Chapter 4, “SQL,” provides a complete introduction to SQL as implemented by SQLite. It 
assumes no prior experience with SQL. It starts with the fundamentals and works through 
constructing complex queries and explores every aspect of all commands in SQLite’s SQL 
implementation.

Chapter 5, “Design and Concepts,” lays the groundwork for programming with SQLite. 
It illustrates the SQLite API, its architecture, and how the two work in relation to one another. 
It addresses important topics related to programming such as transactions and locking. 
It provides programmers of all languages with a clear understanding of how SQLite works 
internally and what to keep in mind when writing programs that use it.

Chapter 6, “The Core C API,” covers the part of the SQLite C API related to executing 
queries. From connecting to databases, executing queries, obtaining data, and managing 
transactions, this chapter covers all parts of the API related to query and data processing.

Chapter 7, “The Extension C API,” covers the remaining part of the C API devoted to custom-
izing and extending SQLite. SQLite provides facilities for implementing user-defined SQL 
functions, aggregates, and collations. This chapter illustrates how to implement each of 
these features and provides practical examples of their use.

Chapter 8, “Language Extensions,” uses the basic concepts outlined in Chapter 5 and 
provides a concise introduction to SQLite programming in six popular languages: Perl, 
Python, Ruby, Java, Tcl, and PHP.

Chapter 9, “SQLite Internals,” explores the inner workings of SQLite. It is a high-level over-
view of the source code and provides a glimpse into how the major subsystems are imple-
mented. This provides programmers with a deeper understanding of SQLite’s design 
decisions, assumptions, and trade-offs, as well as a point of departure for developers who 
want to work on SQLite.

Finally, complete references for the SQLite C API and SQL syntax are included in the 
appendices.
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DATABASE EXAMPLES

The example databases accompanying this book are available online and can be downloaded from the Apress 
website (www.apress.com). Each database is in SQL format and you can simply follow the procedures 
covered in Chapter 2 to create them using the SQLite command-line program. The example databases are 
further explained and illustrated as they are introduced in this book.

The source code for all examples is also available online. All examples compile and run on both Windows 
and Unix. For each example, makefiles are included for Unix environments and Visual C++ projects have been 
created for Windows users. MinGW users can use the Unix makefiles.

Additional Information
The SQLite website has a wealth of information, including the official documentation, mailing 
lists, Wiki, and other general information. It is located at www.sqlite.org. The SQLite community is 
very helpful, and you may find everything you need on SQLite’s mailing list. Additionally, SQLite’s 
author offers professional training and support for SQLite, which includes custom program-
ming (porting to embedded platforms, etc.), and enhanced versions of SQLite, which include 
native encryption and extremely small versions optimized for embedded applications. More 
information can be found at www.hwaci.com/sw/sqlite/prosupport.html.

Summary
SQLite is not to be confused with other larger databases like Oracle or PostgreSQL. Whereas 
dedicated relational databases such as these are electronic backhoes, SQLite is a digital Swiss 
Army Knife. Whereas large-scale dedicated relational databases are designed for thousands of 
users, SQLite is designed for thousands of uses. It is more than a database. Although a tool in 
its own right, it is a tool for making tools as well. It is a true utility, engineered to enable you—
the programmer, user, or administrator—to quickly and easily shape those disparate piles of 
data into order, and manipulate them to your liking with minimal effort.

SQLite is public domain software. Free. You can do anything with it or its source code you 
like. No licenses, no install programs, no restrictions. Just copy and run. It is also portable, well 
tested, and reliable. It has a clean, modular design that helps keep the system simple, easy to 
develop, and easy to debug. In addition to good design, it has good testing. There is more code 
written to test SQLite than there is SQLite code to test. It should not be too surprising, then, 
that SQLite has proven itself to be a solid, reliable database over its five-year history.

Finally, SQLite is fun. At least I think so. It is a unique and interesting piece of software that 
I have found many uses for over the years. I hope that you will find it equally useful and enjoyable.

 If you have any comments or suggestions on this book or its examples, please feel free 
to send me an email at sqlitebook@gmail.com. I will also keep additional information related to 
the book at www.mikesclutter.com.

Owens_6730 C01.fm  Page 16  Monday, April 17, 2006  7:13 AM


