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Preface

PostgreSQL bills itself as the world’s most advanced open source database. We
couldn’t agree more.

What we hope to accomplish in this book is to give you a firm grounding in the con‐
cepts and features that make PostgreSQL so impressive. Along the way, we should
convince you that PostgreSQL does indeed stand up to its claim to fame. Because the
database is advanced, no book short of the 3500 pages of documentation can bring
out all its glory. But then again, most users don’t need to delve into the most abstruse
features that PostgreSQL has to offer. So in our shorter 300-pager, we hope to get you,
as the subtitle proclaims, Up and Running.

Each topic is presented with some context so you understand when to use it and what
it offers. We assume you have prior experience with some other database so that we
can jump right to the key points of PostgreSQL. We generously litter the pages of this
book with links to references so you can dig deeper into topics of interest. These links
lead to sections in the manual, to helpful articles, to blog posts of PostgreSQL van‐
guards. We also link to our own site at Postgres OnLine Journal, where we have col‐
lected many pieces that we have written on PostgreSQL and its interoperability with
other applications.

This book focuses on PostgreSQL versions 9.5, 9.6, and 10, but we will cover some
unique and advanced features that are also present in prior versions.

Audience
For migrants from other database engines, we’ll point out parallels that PostgreSQL
shares with other leading products. Perhaps more importantly, we highlight feats you
can achieve with PostgreSQL that are difficult or impossible to do in other databases.

We stop short of teaching you SQL, as you’ll find many excellent sources for that.
SQL is much like chess—a few hours to learn, a lifetime to master. You have wisely
chosen PostgreSQL. You’ll be greatly rewarded.

xi
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If you’re currently a savvy PostgreSQL user or a weather-beaten DBA, much of the
material in this book should be familiar terrain, but you’ll be sure to pick up some
pointers and shortcuts introduced in newer versions of PostgreSQL. Perhaps you’ll
even find the hidden gem that eluded you. If nothing else, this book is at least ten
times lighter than the PostgreSQL manual.

Not using PostgreSQL yet? This book is propaganda—the good kind. Each day you
continue to use a database with limited SQL capabilities, you handicap yourself. Each
day that you’re wedded to a proprietary system, you’re bleeding dollars.

Finally, if your work has nothing to do with databases or IT, or if you’ve just gradu‐
ated from kindergarten, the cute picture of the elephant shrew on the cover should be
worthy of the price alone.

For More Information on PostgreSQL
PostgreSQL has a well-maintained set of online documentation: PostgreSQL manuals.
We encourage you to bookmark it. The manual is available both as HTML and as a
PDF. Hardcopy collector editions are available for purchase.

Other PostgreSQL resources include:

• Planet PostgreSQL is an aggregator of PostgreSQL blogs. You’ll find PostgreSQL
core developers and general users showcasing new features, novel ways to use
existing ones, and reporting of bugs that have yet to be patched.

• PostgreSQL Wiki provides tips and tricks for managing various facets of the data‐
base and migrating from other databases.

• PostgreSQL Books is a list of books about PostgreSQL.
• PostGIS in Action Books is the website for the books we’ve written on PostGIS, the

spatial extender for PostgreSQL, and more recently pgRouting, another Post‐
greSQL extension that provides network routing capabilities useful for building
driving apps.

Code and Output Formatting
For elements in parentheses, we gravitate toward placing the open parenthesis on the
same line as the preceding element and the closing parenthesis on a line by itself. This
is a classic C formatting style that we like because it cuts down on the number of
blank lines:

function(
 Welcome to PostgreSQL
);

xii | Preface
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We also remove gratuitous spaces in screen output, so if the formatting of your
results doesn’t match ours exactly, don’t fret.

We omit the space after a serial comma for short elements. For example, ('a','b','c').

The SQL interpreter treats tabs, newlines, and carriage returns as whitespace. In our
code, we generally use whitespaces for indentation, not tabs. Make sure that your edi‐
tor doesn’t automatically remove tabs, newlines, and carriage returns or convert them
to something other than spaces.

After copying and pasting, if you find your code not working, check the copied code
to make sure it looks like what we have in the listing.

We use examples based on both Linux and Windows. Path notations differ between
the two, namely the use of solidus (/) versus reverse solidus (\). While on Windows,
use the Linux solidus, always! /, not \. You may see a path such as /postgresql_book/
somefile.csv. These are always relative to the root of your server. If you are on Win‐
dows, you must include the drive letter: C:/postgresql_book/somefile.csv.

Conventions Used in This Book
The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, filenames, and file extensions.

Constant width

Used for program listings. Used within paragraphs, where needed for clarity, to
refer to programming elements such as variables, functions, databases, data
types, environment variables, statements, and keywords.

Constant width bold

Shows commands or other text that should be typed literally by the user.

Constant width italic

Shows text that should be replaced with user-supplied values or by values deter‐
mined by context.

This icon signifies a tip, suggestion, or general note.
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This icon indicates a warning or caution.

Using Code Examples
Code and data examples are available for download at http://www.postgresonline.com/
downloads/postgresql_book_3e.zip.

This book is here to help you get your job done. In general, you may use the code in
this book in your programs and documentation. You do not need to contact us for
permission unless you’re reproducing a significant portion of the code. For example,
writing a program that uses several chunks of code from this book does not require
permission. Selling or distributing a CD-ROM of examples from O’Reilly books does
require permission. Answering a question by citing this book and quoting example
code does not require permission. Incorporating a significant amount of example
code from this book into your product’s documentation does require permission.

We appreciate, but do not require, attribution. An attribution usually includes the
title, author, publisher, and ISBN. For example: “PostgreSQL: Up and Running, Third
Edition by Regina Obe and Leo Hsu (O’Reilly). Copyright 2018 Regina Obe and Leo
Hsu, 978-1-491-96341-8.”

If you feel your use of code examples falls outside fair use or the permission given
above, feel free to contact us at permissions@oreilly.com.

O’Reilly Safari
Safari (formerly Safari Books Online) is a membership-based
training and reference platform for enterprise, government,
educators, and individuals.

Members have access to thousands of books, training videos, Learning Paths, interac‐
tive tutorials, and curated playlists from over 250 publishers, including O’Reilly
Media, Harvard Business Review, Prentice Hall Professional, Addison-Wesley Profes‐
sional, Microsoft Press, Sams, Que, Peachpit Press, Adobe, Focal Press, Cisco Press,
John Wiley & Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe
Press, FT Press, Apress, Manning, New Riders, McGraw-Hill, Jones & Bartlett, and
Course Technology, among others.

For more information, please visit http://oreilly.com/safari.
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How to Contact Us
Please address comments and questions concerning this book to the publisher:

O’Reilly Media, Inc.
1005 Gravenstein Highway North
Sebastopol, CA 95472
800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

Please submit errata using the book’s errata page.

The companion site for this book is at http://bit.ly/postgresql-up-and-running-3e.

To contact the authors, send email to lr@pcorp.us.

To comment or ask technical questions to the publisher, send email to bookques‐
tions@oreilly.com.

For more information about our books, courses, conferences, and news, see our web‐
site at http://www.oreilly.com.

Find us on Facebook: http://facebook.com/oreilly

Follow us on Twitter: http://twitter.com/oreillymedia

Watch us on YouTube: http://www.youtube.com/oreillymedia
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CHAPTER 1

The Basics

PostgreSQL is an extremely powerful piece of software that introduces features you
may not have seen before. Some of the features are also present in other well-known
database engines, but under different names. This chapter lays out the main concepts
you should know when starting to attack PostgreSQL documentation, and mentions
some related terms in other databases.

We begin by pointing you to resources for downloading and installing PostgreSQL.
Next, we provide an overview of indispensable administration tools followed by a
review of PostgreSQL nomenclature. PostgreSQL 10 was recently released. We’ll high‐
light some of the new features therein. We close with resources to turn to when you
need additional guidance and to submit bug reports.

Why PostgreSQL?
PostgreSQL is an enterprise-class relational database management system, on par
with the very best proprietary database systems: Oracle, Microsoft SQL Server, and
IBM DB2, just to name a few. PostgreSQL is special because it’s not just a database: it’s
also an application platform, and an impressive one at that.

PostgreSQL is fast. In benchmarks, PostgreSQL either exceeds or matches the perfor‐
mance of many other databases, both open source and proprietary.

PostgreSQL invites you to write stored procedures and functions in numerous pro‐
gramming languages. In addition to the prepackaged languages of C, SQL, and PL/
pgSQL, you can easily enable support for additional languages such as PL/Perl, PL/
Python, PL/V8 (aka PL/JavaScript), PL/Ruby, and PL/R. This support for a wide vari‐
ety of languages allows you to choose the language with constructs that can best solve
the problem at hand. For instance, use R for statistics and graphing, Python for call‐
ing web services, the Python SciPy library for scientific computing, and PL/V8 for
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validating data, processing strings, and wrangling with JSON data. Easier yet, find a
freely available function that you need, find out the language that it’s written in,
enable that specific language in PostgreSQL, and copy the code. No one will think less
of you.

Most database products limit you to a predefined set of data types: integers, texts,
Booleans, etc. Not only does PostgreSQL come with a larger built-in set than most,
but you can define additional data types to suit your needs. Need complex numbers?
Create a composite type made up of two floats. Have a triangle fetish? Create a coor‐
dinate type, then create a triangle type made up of three coordinate pairs. A dozenal
activist? Create your own duodecimal type. Innovative types are useful insofar as the
operators and functions that support them. So once you’ve created your special num‐
ber types, don’t forget to define basic arithmetic operations for them. Yes, PostgreSQL
will let you customize the meaning of the symbols (+,-,/,*). Whenever you create a
type, PostgreSQL automatically creates a companion array type for you. If you created
a complex number type, arrays of complex numbers are available to you without
additional work.

PostgreSQL also automatically creates types from any tables you define. For instance,
create a table of dogs with columns such as breed, cuteness, and barkiness. Behind
the scenes, PostgreSQL maintains a dogs data type for you. This amazingly useful
bridge between the relational world and the object world means that you can treat
data elements in a way that’s convenient for the task at hand. You can create functions
that work on one object at a time or functions that work on sets of objects at a time.
Many third-party extensions for PostgreSQL leverage custom types to achieve perfor‐
mance gains, provide domain-specific constructs for shorter and more maintainable
code, and accomplish feats you can only fantasize about with other database prod‐
ucts.

Our principal advice is this: don’t treat databases as dumb storage. A database such as
PostgreSQL can be a full-fledged application platform. With a robust database, every‐
thing else is eye candy. Once you’re versant in SQL, you’ll be able to accomplish in
seconds what would take a casual programmer hours, both in coding and running
time.

In recent years, we’ve witnessed an upsurge of NoSQL movements (though much of it
could be hype). Although PostgreSQL is fundamentally relational, you’ll find plenty
of facilities to handle nonrelational data. The ltree extension to PostgreSQL has been
around since time immemorial and provides support for graphs. The hstore exten‐
sions let you store key-value pairs. JSON and JSONB types allow storage of docu‐
ments similar to MongoDb. In many ways, PostgreSQL accommodated NoSQL
before the term was even coined!

PostgreSQL just celebrated its 20th birthday, dating from its christening to Post‐
greSQL from Postgres95. The beginnings of the PostgreSQL code-base began well
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