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and a proven architecture thar has earned it
a strong reputation for reliabilicy, dara
integrity, and correctness. It runs on all
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and SQL99 daca types. It also supports
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pictures, sounds, or video. It has native
programming interfaces and exceprional
documentation,

PostgreSQL

www.postgresql.org

PostgreSQL and the PostgreSQL logo

are trademarks of The PostgreSQL
Global Development Group

About PostgreSQL

An enterprise class database, PostgreSQL
boasts sophisticated features such as
Multi-Version Concurrency  Control
(MVCC), point in time recovery, tablespa-
ces, asynchronous replication, nested tran-
sactions (savepoints), online/hot backups,
a sophisticated query planner/optimizer,
and write ahead logging for faulr rolerance,
It supports international character sets,
multibyte character encodings, Unicode,
and it is locale-aware for sorting, case-sensi-
tivity, and formarting, It is highly scalable
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ronments thar manage in excess of 4 rera-
bytes of daca.
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License

PostgreSQL is released under the BSD license.

PostgreSQL Database Management System
(formerly known as Postgres, then as Postgres95)

Portions Copyright (c) 1996-2009, The PostgreSQL Global Development Group
Portions Copyright (c) 1994, The Regents of the University of California

Permission to use, copy, modify, and distribute this software and its documentation for any
purpose, without fee, and without a written agreement is hereby granted, provided that the
above copyright notice and this paragraph and the following two paragraphs appear in all
copies.

IN NO EVENT SHALL THE UNIVERSITY OF CALIFORNIA BE LIABLE TO ANY PARTY
FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
INCLUDING LOST PROFITS, ARISING OUT OF THE USE OF THIS SOFTWARE AND ITS
DOCUMENTATION, EVEN IF THE UNIVERSITY OF CALIFORNIA HAS BEEN ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

THE UNIVERSITY OF CALIFORNIA SPECIFICALLY DISCLAIMS ANY WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE SOFTWARE
PROVIDED HEREUNDER IS ON AN "AS IS" BASIS, AND THE UNIVERSITY OF
CALIFORNIA HAS NO OBLIGATIONS TO PROVIDE MAINTENANCE, SUPPORT,
UPDATES, ENHANCEMENTS, OR MODIFICATIONS.
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Abstract

Abstract

Welcome to the PostgreSQL 8.4 Official Documentation! After many years of development,
PostgreSQL has become feature-complete in many areas. This release shows a targeted

approach to adding features (e.g., authentication, monitoring, space reuse), and adds
capabilities defined in the later SQL standards.
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Preface

This book is the official documentation of PostgreSQL. It has been written by the
PostgreSQL developers and other volunteers in parallel to the development of the
PostgreSQL software. It describes all the functionality that the current version of
PostgreSQL officially supports.

To make the large amount of information about PostgreSQL manageable, this book has been
organized in several parts. Each part is targeted at a different class of users, or at users in
different stages of their PostgreSQL experience:

e Partis an informal introduction for new users.

e Part I documents the SQL query language environment, including data types and
functions, as well as user-level performance tuning. Every PostgreSQL user should
read this.

e Part III describes the installation and administration of the server. Everyone who
runs a PostgreSQL server, be it for private use or for others, should read this part.

e Part IV describes the programming interfaces for PostgreSQL client programs.

e Part V contains information for advanced users about the extensibility capabilities of
the server. Topics include user-defined data types and functions.

e Part VI contains reference information about SQL commands, client and server
programs. This part supports the other parts with structured information sorted by
command or program.

e Part VII contains assorted information that might be of use to PostgreSQL
developers.

What is PostgreSQL?

PostgreSQL is an object-relational database management system (ORDBMS) based on
POSTGRES, Version 4.2, developed at the University of California at Berkeley Computer
Science Department. POSTGRES pioneered many concepts that only became available in
some commercial database systems much later.

L http://s2k-ftp.cs.berkeley.edu:8000/postgres/postgres.html
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PostgreSQL is an open-source descendant of this original Berkeley code. It supports a large
part of the SQL standard and offers many modern features:

e complex queries

e foreign keys

e ftriggers

e views

e transactional integrity

e multiversion concurrency control
Also, PostgreSQL can be extended by the user in many ways, for example by adding new

e data types

e functions

e operators

e aggregate functions

e index methods

e procedural languages

And because of the liberal license, PostgreSQL can be used, modified, and distributed by
anyone free of charge for any purpose, be it private, commercial, or academic.

A Brief History of PostgreSQL

The object-relational database management system now known as PostgreSQL is derived
from the POSTGRES package written at the University of California at Berkeley. With over
two decades of development behind it, PostgreSQL is now the most advanced open-source
database available anywhere.

The Berkeley POSTGRES Project

The POSTGRES project, led by Professor Michael Stonebraker, was sponsored by the
Defense Advanced Research Projects Agency (DARPA), the Army Research Office (ARO),
the National Science Foundation (NSF), and ESL, Inc. The implementation of POSTGRES
began in 1986. The initial concepts for the system were presented in The design of
POSTGRES?, and the definition of the initial data model appeared in The POSTGRES data
model. The design of the rule system at that time was described in The design of the

2 httpy//s2k-ftp.cs.berkeley.edu:8000/postgres/papers/ERL-M85-95.pdf
3 http://s2k-ftp.cs.berkeley.edu:8000/postgres/papers/ERL-M87-13.pdf
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POSTGRES rules system (see "Bibliography" section). The rationale and architecture of the
storage manager were detailed in The design of the POSTGRES storage system *.

POSTGRES has undergone several major releases since then. The first "demoware" system
became operational in 1987 and was shown at the 1988 ACM-SIGMOD Conference. Version
1, described in The implementation of POSTGRESS, was released to a few external users in
June 1989. In response to a critique of the first rule system (A commentary on the POSTGRES
rules system?®), the rule system was redesigned (On Rules, Procedures, Caching and Views in
Database Systems?), and Version 2 was released in June 1990 with the new rule system.
Version 3 appeared in 1991 and added support for multiple storage managers, an improved
query executor, and a rewritten rule system. For the most part, subsequent releases until
Postgres95 (see below) focused on portability and reliability.

POSTGRES has been used to implement many different research and production
applications. These include: a financial data analysis system, a jet engine performance
monitoring package, an asteroid tracking database, a medical information database, and
several geographic information systems. POSTGRES has also been used as an educational
tool at several universities. Finally, Illustra Information Technologies (later merged into
Informix8, which is now owned by IBM?) picked up the code and commercialized it. In late
1992, POSTGRES became the primary data manager for the Sequoia 2000 scientific computing
project10.

The size of the external user community nearly doubled during 1993. It became increasingly
obvious that maintenance of the prototype code and support was taking up large amounts

of time that should have been devoted to database research. In an effort to reduce this
support burden, the Berkeley POSTGRES project officially ended with Version 4.2.

Postgres95

In 1994, Andrew Yu and Jolly Chen added an SQL language interpreter to POSTGRES.
Under a new name, Postgres95 was subsequently released to the web to find its own way in
the world as an open-source descendant of the original POSTGRES Berkeley code.

4 http://s2k-ftp.cs.berkeley.edu:8000/postgres/papers/ERL-M87-06.pdf
5 http://s2k-ftp.cs.berkeley.edu:8000/postgres/papers/ERL-M90-34.pdf
6 httpy//s2k-ftp.cs.berkeley.edu:8000/postgres/papers/ERL-M89-82.pdf
7 httpy//s2k-ftp.cs.berkeley.edu:8000/postgres/papers/ERL-M90-36.pdf
8 http//www.informix.com/

? http/fwww.ibm.com/

10 http./meteora.ucsd.edu/s2k/s2k_home.html
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Postgres95 code was completely ANSI C and trimmed in size by 25%. Many internal
changes improved performance and maintainability. Postgres95 release 1.0.x ran about 30-
50% faster on the Wisconsin Benchmark compared to POSTGRES, Version 4.2. Apart from
bug fixes, the following were the major enhancements:

¢ The query language PostQUEL was replaced with SQL (implemented in the server).
Subqueries were not supported until PostgreSQL (see below), but they could be
imitated in Postgres95 with user-defined SQL functions. Aggregate functions were
re-implemented. Support for the GROUP BY query clause was also added.

e A new program (psql) was provided for interactive SQL queries, which used GNU
Readline. This largely superseded the old monitor program.

e A new front-end library, 1ibpgtcl, supported Tcl-based clients. A sample shell,
pgtclsh, provided new Tcl commands to interface Tcl programs with the Postgres95
server.

e The large-object interface was overhauled. The inversion large objects were the only
mechanism for storing large objects. (The inversion file system was removed.)

e The instance-level rule system was removed. Rules were still available as rewrite
rules.

e A short tutorial introducing regular SQL features as well as those of Postgres95 was
distributed with the source code

e GNU make (instead of BSD make) was used for the build. Also, Postgres95 could be
compiled with an unpatched GCC (data alignment of doubles was fixed).

PostgreSQL

By 1996, it became clear that the name "Postgres95" would not stand the test of time. We
chose a new name, PostgreSQL, to reflect the relationship between the original POSTGRES
and the more recent versions with SQL capability. At the same time, we set the version
numbering to start at 6.0, putting the numbers back into the sequence originally begun by
the Berkeley POSTGRES project.

Many people continue to refer to PostgreSQL as "Postgres" (now rarely in all capital letters)
because of tradition or because it is easier to pronounce. This usage is widely accepted as a
nickname or alias.

The emphasis during development of Postgres95 was on identifying and understanding
existing problems in the server code. With PostgreSQL, the emphasis has shifted to
augmenting features and capabilities, although work continues in all areas.

Details about what has happened in PostgreSQL since then can be found in Appendix E.
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Conventions

This book uses the following typographical conventions to mark certain portions of text:
new terms, foreign phrases, and other important passages are emphasized in italics.
Everything that represents input or output of the computer, in particular commands,
program code, and screen output, is shown in a monospaced font (example). Within such
passages, italics (example) indicate placeholders; you must insert an actual value instead of
the placeholder. On occasion, parts of program code are emphasized in bold face (example),
if they have been added or changed since the preceding example.

The following conventions are used in the synopsis of a command: brackets ([ and 1)
indicate optional parts. (In the synopsis of a Tcl command, question marks (?) are used
instead, as is usual in Tcl.) Braces ({ and }) and vertical lines (|) indicate that you must
choose one alternative. Dots (. . .) mean that the preceding element can be repeated.

Where it enhances the clarity, SQL commands are preceded by the prompt =>, and shell
commands are preceded by the prompt $. Normally, prompts are not shown, though.

An administrator is generally a person who is in charge of installing and running the server.
A user could be anyone who is using, or wants to use, any part of the PostgreSQL system.
These terms should not be interpreted too narrowly; this book does not have fixed
presumptions about system administration procedures.

Further Information

Besides the documentation, that is, this book, there are other resources about PostgreSQL:
Wiki
The PostgreSQL wikil! contains the project's FAQ'2 (Frequently Asked Questions) list,
TODO® list, and detailed information about many more topics.
Web Site

The PostgreSQL web site' carries details on the latest release and other information
to make your work or play with PostgreSQL more productive.

Mailing Lists
The mailing lists are a good place to have your questions answered, to share

experiences with other users, and to contact the developers. Consult the PostgreSQL
web site for details.

W httpy/fwiki.postgresql.org/

12 http./fwiki.postgresql.org/wiki/Frequently_Asked_Questions
13 http.//wiki.postgresql.org/wiki/Todo

14 http.//www.postgresql.org/
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Yourself!

PostgreSQL is an open-source project. As such, it depends on the user community
for ongoing support. As you begin to use PostgreSQL, you will rely on others for
help, either through the documentation or through the mailing lists. Consider
contributing your knowledge back. Read the mailing lists and answer questions. If
you learn something which is not in the documentation, write it up and contribute it.
If you add features to the code, contribute them.

Bug Reporting Guidelines

When you find a bug in PostgreSQL we want to hear about it. Your bug reports play an
important part in making PostgreSQL more reliable because even the utmost care cannot
guarantee that every part of PostgreSQL will work on every platform under every
circumstance.

The following suggestions are intended to assist you in forming bug reports that can be
handled in an effective fashion. No one is required to follow them but doing so tends to be
to everyone's advantage.

We cannot promise to fix every bug right away. If the bug is obvious, critical, or affects a lot
of users, chances are good that someone will look into it. It could also happen that we tell
you to update to a newer version to see if the bug happens there. Or we might decide that
the bug cannot be fixed before some major rewrite we might be planning is done. Or
perhaps it is simply too hard and there are more important things on the agenda. If you
need help immediately, consider obtaining a commercial support contract.

Identifying Bugs

Before you report a bug, please read and re-read the documentation to verify that you can
really do whatever it is you are trying. If it is not clear from the documentation whether you
can do something or not, please report that too; it is a bug in the documentation. If it turns
out that a program does something different from what the documentation says, that is a
bug. That might include, but is not limited to, the following circumstances:

e A program terminates with a fatal signal or an operating system error message that
would point to a problem in the program. (A counterexample might be a "disk full"
message, since you have to fix that yourself.)

e A program produces the wrong output for any given input.

e A program refuses to accept valid input (as defined in the documentation).

e A program accepts invalid input without a notice or error message. But keep in mind
that your idea of invalid input might be our idea of an extension or compatibility
with traditional practice.
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e PostgreSQL fails to compile, build, or install according to the instructions on
supported platforms.

Here "program" refers to any executable, not only the backend server.

Being slow or resource-hogging is not necessarily a bug. Read the documentation or ask on
one of the mailing lists for help in tuning your applications. Failing to comply to the SQL
standard is not necessarily a bug either, unless compliance for the specific feature is
explicitly claimed.

Before you continue, check on the TODO list and in the FAQ to see if your bug is already
known. If you cannot decode the information on the TODO list, report your problem. The
least we can do is make the TODO list clearer.

What to report

The most important thing to remember about bug reporting is to state all the facts and only
facts. Do not speculate what you think went wrong, what "it seemed to do", or which part of
the program has a fault. If you are not familiar with the implementation you would
probably guess wrong and not help us a bit. And even if you are, educated explanations are
a great supplement to but no substitute for facts. If we are going to fix the bug we still have
to see it happen for ourselves first. Reporting the bare facts is relatively straightforward
(you can probably copy and paste them from the screen) but all too often important details
are left out because someone thought it does not matter or the report would be understood
anyway.

The following items should be contained in every bug report:

e The exact sequence of steps from program start-up necessary to reproduce the
problem. This should be self-contained; it is not enough to send in a bare SELECT
statement without the preceding CREATE TABLE and INSERT statements, if the
output should depend on the data in the tables. We do not have the time to reverse-
engineer your database schema, and if we are supposed to make up our own data
we would probably miss the problem.

The best format for a test case for SQL-related problems is a file that can be run
through the psql frontend that shows the problem. (Be sure to not have anything in
your ~/.psqglrc start-up file.) An easy way to create this file is to use pg_dump to
dump out the table declarations and data needed to set the scene, then add the
problem query. You are encouraged to minimize the size of your example, but this is
not absolutely necessary. If the bug is reproducible, we will find it either way.

If your application uses some other client interface, such as PHP, then please try to
isolate the offending queries. We will probably not set up a web server to reproduce
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your problem. In any case remember to provide the exact input files; do not guess
that the problem happens for "large files" or "midsize databases", etc. since this
information is too inexact to be of use.

The output you got. Please do not say that it "didn't work" or "crashed". If there is an
error message, show it, even if you do not understand it. If the program terminates
with an operating system error, say which. If nothing at all happens, say so. Even if
the result of your test case is a program crash or otherwise obvious it might not
happen on our platform. The easiest thing is to copy the output from the terminal, if
possible.

Note

If you are reporting an error message, please obtain the most verbose form of the

message. In psql, say \set VERBOSITY verbose beforehand. If you are extracting
the message from the server log, set the run-time parameter log_error_verbosity (see
"18.7. Error Reporting and Logging" section) to verbose so that all details are logged.

Note

In case of fatal errors, the error message reported by the client might not contain all
the information available. Please also look at the log output of the database server. If
you do not keep your server's log output, this would be a good time to start doing
S0.

The output you expected is very important to state. If you just write "This command
gives me that output." or "This is not what I expected.", we might run it ourselves,
scan the output, and think it looks OK and is exactly what we expected. We should
not have to spend the time to decode the exact semantics behind your commands.
Especially refrain from merely saying that "This is not what SQL says/Oracle does."
Digging out the correct behavior from SQL is not a fun undertaking, nor do we all
know how all the other relational databases out there behave. (If your problem is a
program crash, you can obviously omit this item.)

Any command line options and other start-up options, including any relevant
environment variables or configuration files that you changed from the default.
Again, please provide exact information. If you are using a prepackaged distribution
that starts the database server at boot time, you should try to find out how that is
done.

Anything you did at all differently from the installation instructions.

The PostgreSQL version. You can run the command SELECT version () ; to find out
the version of the server you are connected to. Most executable programs also
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support a --version option; at least postgres --versionand psql --version
should work. If the function or the options do not exist then your version is more
than old enough to warrant an upgrade. If you run a prepackaged version, such as
RPMs, say so, including any subversion the package might have. If you are talking
about a CVS snapshot, mention that, including its date and time.

If your version is older than 8.4.0 we will almost certainly tell you to upgrade. There
are many bug fixes and improvements in each new release, so it is quite possible that
a bug you have encountered in an older release of PostgreSQL has already been
fixed. We can only provide limited support for sites using older releases of
PostgreSQL; if you require more than we can provide, consider acquiring a
commercial support contract.

¢ Platform information. This includes the kernel name and version, C library,
processor, memory information, and so on. In most cases it is sufficient to report the
vendor and version, but do not assume everyone knows what exactly "Debian"
contains or that everyone runs on i386s. If you have installation problems then
information about the toolchain on your machine (compiler, make, and so on) is also
necessary.

Do not be afraid if your bug report becomes rather lengthy. That is a fact of life. It is better to
report everything the first time than us having to squeeze the facts out of you. On the other
hand, if your input files are huge, it is fair to ask first whether somebody is interested in
looking into it. Here is an articlel> that outlines some more tips on reporting bugs.

Do not spend all your time to figure out which changes in the input make the problem go
away. This will probably not help solving it. If it turns out that the bug cannot be fixed right
away, you will still have time to find and share your work-around. Also, once again, do not
waste your time guessing why the bug exists. We will find that out soon enough.

When writing a bug report, please avoid confusing terminology. The software package in
total is called "PostgreSQL", sometimes "Postgres" for short. If you are specifically talking
about the backend server, mention that, do not just say "PostgreSQL crashes". A crash of a
single backend server process is quite different from crash of the parent "postgres" process;
please don't say "the server crashed" when you mean a single backend process went down,
nor vice versa. Also, client programs such as the interactive frontend "psql" are completely
separate from the backend. Please try to be specific about whether the problem is on the
client or server side.

15 httpyfwww.chiark.greenend.org.uk/~sgtatham/bugs.html
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Where to report bugs

In general, send bug reports to the bug report mailing list at <pgsql-
bugs@postgresql.org>. You are requested to use a descriptive subject for your email
message, perhaps parts of the error message.

Another method is to fill in the bug report web-form available at the project's web sitel.
Entering a bug report this way causes it to be mailed to the <pgsqgl-
bugs@postgresql.org> mailing list.

If your bug report has security implications and you'd prefer that it not become immediately
visible in public archives, don't send it to pgsql-bugs. Security issues can be reported
privately to <security@postgresqgl.org>.

Do not send bug reports to any of the user mailing lists, such as <pgsql-
sgl@postgresql.org> Or <pgsqgl-general@postgresql.org>. These mailing lists are for
answering user questions, and their subscribers normally do not wish to receive bug
reports. More importantly, they are unlikely to fix them.

Also, please do not send reports to the developers' mailing list <pgsqgl-
hackers@postgresql.org>. This list is for discussing the development of PostgreSQL, and
it would be nice if we could keep the bug reports separate. We might choose to take up a
discussion about your bug report on pgsgl-hackers, if the problem needs more review.

If you have a problem with the documentation, the best place to report it is the
documentation mailing list <pgsqgl-docs@postgresql.org>. Please be specific about what
part of the documentation you are unhappy with.

If your bug is a portability problem on a non-supported platform, send mail to <pgsql-
hackers@postgresql.org>, so we (and you) can work on porting PostgreSQL to your
platform.

Note

Due to the unfortunate amount of spam going around, all of the above email
addresses are closed mailing lists. That is, you need to be subscribed to a list to be
allowed to post on it. (You need not be subscribed to use the bug-report web form,
however.) If you would like to send mail but do not want to receive list traffic, you
can subscribe and set your subscription option to nomail. For more information
send mail to <majordomo@postgresql.org> with the single word help in the body
of the message.

16 http.//www.postgresql.org/
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Part I.
Tutorial

Welcome to the PostgreSQL Tutorial. The following few chapters are intended to give a
simple introduction to PostgreSQL, relational database concepts, and the SQL language to
those who are new to any one of these aspects. We only assume some general knowledge
about how to use computers. No particular Unix or programming experience is required.
This part is mainly intended to give you some hands-on experience with important aspects
of the PostgreSQL system. It makes no attempt to be a complete or thorough treatment of
the topics it covers.

After you have worked through this tutorial you might want to move on to reading Part II
to gain a more formal knowledge of the SQL language, or Part IV for information about
developing applications for PostgreSQL. Those who set up and manage their own server
should also read Part III.
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Chapter 1.
Getting Started

1.1. Installation

Before you can use PostgreSQL you need to install it, of course. It is possible that
PostgreSQL is already installed at your site, either because it was included in your operating
system distribution or because the system administrator already installed it. If that is the
case, you should obtain information from the operating system documentation or your
system administrator about how to access PostgreSQL.

If you are not sure whether PostgreSQL is already available or whether you can use it for
your experimentation then you can install it yourself. Doing so is not hard and it can be a
good exercise. PostgreSQL can be installed by any unprivileged user; no superuser (root)
access is required.

If you are installing PostgreSQL yourself, then refer to Chapter 15 for instructions on
installation, and return to this guide when the installation is complete. Be sure to follow
closely the section about setting up the appropriate environment variables.

If your site administrator has not set things up in the default way, you might have some
more work to do. For example, if the database server machine is a remote machine, you will
need to set the PGHOST environment variable to the name of the database server machine.
The environment variable PGPORT might also have to be set. The bottom line is this: if you
try to start an application program and it complains that it cannot connect to the database,
you should consult your site administrator or, if that is you, the documentation to make
sure that your environment is properly set up. If you did not understand the preceding
paragraph then read the next section.

1.2. Architectural Fundamentals

Before we proceed, you should understand the basic PostgreSQL system architecture.
Understanding how the parts of PostgreSQL interact will make this chapter somewhat
clearer.

In database jargon, PostgreSQL uses a client/server model. A PostgreSQL session consists
of the following cooperating processes (programs):
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e A server process, which manages the database files, accepts connections to the
database from client applications, and performs database actions on behalf of the
clients. The database server program is called postgres.

e The user's client (frontend) application that wants to perform database operations.
Client applications can be very diverse in nature: a client could be a text-oriented
tool, a graphical application, a web server that accesses the database to display web
pages, or a specialized database maintenance tool. Some client applications are
supplied with the PostgreSQL distribution; most are developed by users.

As is typical of client/server applications, the client and the server can be on different hosts.
In that case they communicate over a TCP/IP network connection. You should keep this in
mind, because the files that can be accessed on a client machine might not be accessible (or
might only be accessible using a different file name) on the database server machine.

The PostgreSQL server can handle multiple concurrent connections from clients. To achieve
this it starts ("forks") a new process for each connection. From that point on, the client and
the new server process communicate without intervention by the original postgres
process. Thus, the master server process is always running, waiting for client connections,
whereas client and associated server processes come and go. (All of this is of course invisible
to the user. We only mention it here for completeness.)

1.3. Creating a Database

The first test to see whether you can access the database server is to try to create a database.
A running PostgreSQL server can manage many databases. Typically, a separate database is
used for each project or for each user.

Possibly, your site administrator has already created a database for your use. He should
have told you what the name of your database is. In that case you can omit this step and
skip ahead to the next section.

To create a new database, in this example named mydb, you use the following command:

$ createdb mydb

If this produces no response then this step was successful and you can skip over the
remainder of this section.

If you see a message similar to:

createdb: command not found

then PostgreSQL was not installed properly. Either it was not installed at all or your shell's
search path was not set to include it. Try calling the command with an absolute path
instead:

$ /usr/local/pgsgl/bin/createdb mydb
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The path at your site might be different. Contact your site administrator or check the
installation instructions to correct the situation.

Another response could be this:

createdb: could not connect to database postgres: could not connect to server:
No such file or directory
Is the server running locally and accepting
connections on Unix domain socket "/tmp/.s.PGSQL.5432"?

This means that the server was not started, or it was not started where createdb expected
it. Again, check the installation instructions or consult the administrator.

Another response could be this:

createdb: could not connect to database postgres: FATAL: role "joe" does not exist

where your own login name is mentioned. This will happen if the administrator has not
created a PostgreSQL user account for you. (PostgreSQL user accounts are distinct from
operating system user accounts.) If you are the administrator, see Chapter 20 for help
creating accounts. You will need to become the operating system user under which
PostgreSQL was installed (usually postgres) to create the first user account. It could also be
that you were assigned a PostgreSQL user name that is different from your operating
system user name; in that case you need to use the -U switch or set the PGUSER environment
variable to specify your PostgreSQL user name.

If you have a user account but it does not have the privileges required to create a database,
you will see the following:

createdb: database creation failed: ERROR: permission denied to create database

Not every user has authorization to create new databases. If PostgreSQL refuses to create
databases for you then the site administrator needs to grant you permission to create
databases. Consult your site administrator if this occurs. If you installed PostgreSQL
yourself then you should log in for the purposes of this tutorial under the user account that
you started the server as!.

You can also create databases with other names. PostgreSQL allows you to create any
number of databases at a given site. Database names must have an alphabetic first character

1 As an explanation for why this works: PostgreSQL user names are separate from operating system
user accounts. When you connect to a database, you can choose what PostgreSQL user name to
connect as; if you don't, it will default to the same name as your current operating system account. As
it happens, there will always be a PostgreSQL user account that has the same name as the operating
system user that started the server, and it also happens that that user always has permission to create
databases. Instead of logging in as that user you can also specify the -U option everywhere to select a
PostgreSQL user name to connect as.
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and are limited to 63 characters in length. A convenient choice is to create a database with
the same name as your current user name. Many tools assume that database name as the
default, so it can save you some typing. To create that database, simply type:

$ createdb

If you do not want to use your database anymore you can remove it. For example, if you are
the owner (creator) of the database mydb, you can destroy it using the following command:

$ dropdb mydb

(For this command, the database name does not default to the user account name. You
always need to specify it.) This action physically removes all files associated with the
database and cannot be undone, so this should only be done with a great deal of
forethought.

More about createdb and dropdb can be found in createdb (see "createdb command" section)
and dropdb (see "dropdb command" section) respectively.

1.4. Accessing a Database
Once you have created a database, you can access it by:
¢ Running the PostgreSQL interactive terminal program, called psql, which allows you
to interactively enter, edit, and execute SQL commands.

e Using an existing graphical frontend tool like pgAdmin or an office suite with ODBC
or JDBC support to create and manipulate a database. These possibilities are not
covered in this tutorial.

e Writing a custom application, using one of the several available language bindings.
These possibilities are discussed further in Part IV.

You probably want to start up psqgl to try the examples in this tutorial. It can be activated
for the mydb database by typing the command:

$ psgl mydb

If you do not supply the database name then it will default to your user account name. You
already discovered this scheme in the previous section using createdb.

In psql, you will be greeted with the following message:

psgl (8.4.0)
Type "help" for help.

mydb=>
The last line could also be:

mydb=#
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That would mean you are a database superuser, which is most likely the case if you
installed PostgreSQL yourself. Being a superuser means that you are not subject to access
controls. For the purposes of this tutorial that is not important.

If you encounter problems starting psql then go back to the previous section. The
diagnostics of createdb and psqgl are similar, and if the former worked the latter should
work as well.

The last line printed out by psql is the prompt, and it indicates that psql is listening to you
and that you can type SQL queries into a work space maintained by psql. Try out these
commands:

mydb=> SELECT version();
version

PostgreSQL 8.4.0 on i586-pc-linux-gnu, compiled by GCC 2.96, 32-bit
(1 row)

mydb=> SELECT current date;
date

2002-08-31
(1 row)

mydb=> SELECT 2 + 2;
?column?

(1 row)

The psqgl program has a number of internal commands that are not SQL commands. They
begin with the backslash character, "\". Some of these commands were listed in the welcome
message. For example, you can get help on the syntax of various PostgreSQL SQL
commands by typing:

mydb=> \h

To get out of psql, type:

mydb=> \q

and psql will quit and return you to your command shell. (For more internal commands,
type \ 2 at the psgl prompt.) The full capabilities of psgl are documented in psql. If
PostgreSQL is installed correctly you can also type man psqgl at the operating system shell

prompt to see the documentation. In this tutorial we will not use these features explicitly,
but you can use them yourself when it is helpful.
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cume_diSt .....covevrieiiieieieeee e 269
current_catalog.........cccoceoevviiiiiiiiiiinns 280
current_database..........cc.ccoeeevieerieeeeennnnn. 280
current_date........ccoceeeveeeveieerieeieeieeeeeeens 230
current_Schema ........ccoeveeeeeeeeeeeeeeennnan, 280
current_time.........coeeeveeeeeeeeieeeceeeeeeene 230
current_timestamp..........ccceceeivininennne. 230
CUITENTE_USET ...vvveeeevieeeeeiieeeceieeeeeereee e 280
CUITVAL icviiiieiiceecece e 259
data cluster................... See database cluster

data type....ccovviiiniiii 137
CAtEZOTY ..ovviiciiicicc 296
constant ..o 62
CONVETSION...coviiiiiiiiiiiiiicicieccins 296
enumerated (enum) ..........cccecevveernenenn 160
NUMETIC. ..o 138
type cast.....ccooviiiiiiiii 71

database
reating......ccooevvviviiiiicice 30

database cluster...........cccccoeeeivcincincnne. 34

date......ooviiiiii 148, 150
CUITENT v 239
NStaNts......ccooviiiiiii 153
output format .......cccoecevecinecineeneenes 153

............................... See also formatting

date_part .......cccoeoevreeinneceene 230, 233

date_ trunc ....ooeeeeeeeeeeeieeeeeeeeeeeeee. 230, 237

decode......oeueirniicic e 196

default value........ccccoovvvnniiiniiiinnn, 79
changing ..., 91

degrees.......ccoviiiiiiiiiiii 193

delay....cccoviiiiiie 241

DELETE ..o 43,115

deleting........cccoeeevvvercininnnne. 115, 242, 269

dirty read.......cocoeeoinneiiicccce 361

disjunction.........ccccovvviiiniiiiiiie 190

DISTINCT ..o 37,129

IV e 193

document
text search ..., 322

dollar quOtIng........cccoveveuiiniiiiiiiiciiee, 60

double precision.........ccccceeeivriiciinnnee 141

DROP TABLE .......cooiiiiiieccieeces 35

DTD.coiieeicereeeeeeeeeeeeeeens 171

duplicate........ccooveviiniiniiic 37

duplicates.......ccocccvevneiineniincinecnieee 129

€NCOAE ..ottt 196
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enumerated types..........ccoviiiiiiiinns 160 has_any_column_privilege..................... 280
escape string syntax............ccccceeceuevcuennee. 58 has_column_privilege ...........cccccceueuneeee. 280
EVETY oot 265 has_database_privilege.............ccccceuc 280
EXCEPT ..ottt 130 has_foreign_data_wrapper_privilege...280
EXISTS ... 270 has_function_privilege..........cccoeeueuenes 280
EXP ettt 193 has_language_privilege ...........ccccccceuue 280
EXPLAIN...cooiiiireeneceeeeeeeeene 374 has_schema_privilege .........cccccoveuernnces 280
expression has_server_privilege.......ccccoccoevinneinns 280
order of evaluation ..........ccccceevuvuennnne 76 has_table_privilege...........cccccoccueucuennnnnne. 280
SYNEAX ... 66 has_tablespace_privilege......................... 280
extract ..o 230, 233 hash......coo, See index
FALSE ..., 159 HAVING ..o 41,125
field selection.........cccccevvvueueinirucicciniiicinns 68 height ... 242
first_value.......cccocovvvniiiiiie, 269 hierarchical database.............ccccccceueurunenee. 34
floating point .........cccceevvuveiciciccccne 141 history
FLOOT .. 193 of PostgreSQL........ccccoveeinneiinnennes 19
foreign key ..., 44, 84 identifier
format_type.......cccoovvivivivinininiiiiie 280 length ......ccooiiiiiiii 56
formatting ..........ccceceevvvviiiiniiiiiicce 224 Syntax of .......cccccecvvviiiiniiiiii 56
full text search ..., 321 IFNULL ..o, 263
data types.......ccceveiiniiiiiiiiiiin 168 INL oo 270, 271
functions and operators....................... 168 INAEX ..o 307
function.......ccoeviiiiiii 190 and ORDER BY .......cccccocviiiiinnne 311
in the FROM clause..........cccccceuvuunnnne. 123 B-tree......ccoooiiiii 308
INVOCAtION....cuevieriiiiciceeeeecees 69 combining multiple indexes............... 312
type resolution in an invocation......... 301 €Xamining USAZE .........ccevvvvrveveeruruennes 319
generate_series ...........cccoveiiiniiininnn, 277 GIN e 308
generate_subscripts ..........cccceeiiininn. 277 text search ... 355
get_bit ..o 205 GiIST . 308
get_byte ..o 205 text search ... 355
GIN.ooiiiiiie, See index hash......cccooi 308
GiST...ooviiiiiiice See index 1OCKS . 373
GREATEST .......ccovvviiiiiiiicccccce, 263 multicolumn ... 310
determination of result type............... 305 ON €XPIeSSIONS ......cuvvieiieiieieieieicees 314
GROUP BY ..o, 41,125 partial........ccoooiiiii 315
GTOUPING ...ooviiiiiiiiiiiiicccces 125 UNIQUE ..o 313
GUID ..o, 170 inet (data type) ......cccoeeiviviiiiiniiin 165




inet_client_ addr....ccooeveeeeeeiieeeiieeeeeeen. 280
inet_client_port......c.ccoecvevncnncnncnnne. 280
inet_server_addr ........ccccoevveeeeerieineennnnn, 280
inet_server_port ......c..ccccceeeeveieinenennenn. 280
INheritance......cceeveeeeeeeeeeeeeeeeeeeeeeenn 51, 98
INIECAP v 196
INSERT ... 36,113
INSErting......cocvoviiiviiiiiiiiccce, 113
INE2. e See smallint
Nt See integer
I8, See bigint
INteger ..., 61,139
INternal.......ccooveeiieieeeececece e 188
INTERSECT ..ot 130
INEETVAL. oo 148, 156
output format ......ccoeeeirreeinneeene 158
............................... See also formatting

IS DISTINCT FROM ........covveuvene. 191, 274
ISDOCUMENT .......coviiieeeececreereen, 254
ISFALSE.....ooooiiieeeeeeeeeeeeeeeeeeeeees 191
IS NOT DISTINCT FROM ............... 191, 274
ISNOT FALSE.....coiooeeeeeeeeeeeeeeen, 191
ISNOT NULL....ooooieeeeeeeeceeceeeee, 191
ISNOTTRUE ..o, 191
IS NOT UNKNOWN......c.oooieeereeereeereenne 191
ISNULL...oeeieeeeeeeeeeeeeeee e 191
ISTRUE ... 191
ISUNKNOWN. ...ttt 191
1SClOSEd ... 242
ISFNILE oo e 230
ISNULL...ooovieeeeeeeeeeeeeeeeeee e, 191
ISOPEN....ciiiiiiiiciiciccc e 242
JOIM. e 39, 117
controlling the order............................ 381
CTOSS ceeeereeeeeeteeeeeeiteeeeeecrreeeeeirereeeeaeeaeenns 117
Lefteeeiiiee e 117
natural.......cccoceeeeiiniiereeeeeee e 117

OULET c.oevevieiiieeeeeeeeeeeeeeeeeeeeeeeeeeveeaeeaaaes 39,117

right..ooo 117

Self e 39
justify_days......ccccoeiiiiniiiiiiiiiis 230
justify_hours ... 230
justify_interval..........ccooeiiniiinnnne. 230
key word

SYNEAX Of ..o 56
label........ccoooviiiiiiiie See alias
Jag ..o 269
language_handler ............ccoeiinniin. 188
last_value .......ccccoevvveiiniiiccce 269
lastval.......ccoiiiiiiiiiie 259
lead......ccoooiiiiiiii 269
LEAST ..o, 263

determination of result type............... 305
left JOIN ..o 117
length ... 242

of a binary string

..................... See binary strings, length
of a character string
.................. See character string, length

length(tsvector) ........cccceeeivniciinnennee. 334
LIKE ..o 208
LIMIT ..o, 131
line segment..........ccoeuviriiiiiiiiiiicccnee. 163
linear regression...........cccocevuvivieiciricicnnne 265
In 193
localtime ..., 230
localtimestamp ......c.coccceeeercincnincninnenes 230
1OCK o 366

AdVISOTY ..ot 371
1OG e 193
LOWET ... 196
Ipad .o 196
1S€E ... 163
IErmL 196
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MAC address........cccccevvvuunee See macaddr number
macaddr (data type) .......ccccoeeiiiniiinns 166 CONStANT ...oveiiiiiiiicicce 61
INAX .otiiireteiceeeteieree et 41 NUMETIC..vcvceiieicieieieteeet et 61
MAS oo 196 numeric (data type) .......cccoveeciiniiiinns 139
TN 41 NUMNOAE ..., 335
MO ..o 193 NVL e 263
MVCC ...t 361 obj_description ..........ccccceevveeueevinniencnnnn 280
name object identifier
qualified ... 94 data type.....ccoooiviiiiiiiiiii 187
SyNtax Of ......cccuiueiiiiiiiiiiee 56 object-oriented database .............c.ccc....... 34
unqualified.........ccccocooiiniiin 95 octet_length.........ccoviiini 196
NaN ..., See not a number OFFSET ..o, 131
natural Join .......coccceeevveeiinnciiniccees 117 08 187
NEGAtION ...c.ovviiiiiiiiecceeeeeeeeeeae 190 COIUMMN ... 87
network ONLY ..o 117
data tyPpes.....ccceevevereenrecireeees 165 OPAQUE ...t 188
nextval ... 259 OPETALOT ....viiiiiiiciccee e 190
nonrepeatable read ............cccccoveinennnen 361 INVOCAtION....ccueuiiciiiiiciiccc 68
NOT (operator).......coeeeereeverrrereereneenennes 190 logical........cccccovvviiiiiiiiiii 190
not a number precedence ..........cceeeeeeniienieinieinee, 64
double precision..........ccccccevvveuiininnnnne. 141 SYNEAX...cvviiiiiiciiiiice e 63
numeric (data type) ......cccccevveeinnnen. 139 type resolution in an invocation......... 298
NOT IN ..ot 270, 274 operator class.......cocevereeneineineinienens 318
NOTNULL .....oiiiiiiecereeeeeeeene 191 operator family ..........cccccvveiinnciinnnn 318
not-null constraint.........cceeeevvvecennnnes 82 operators
NIOW ..ttt 230 logical.......ccccuiuiiiiiiiiiiiiiccce 190
NPOINES c..ceiiiiciieieeeee s 242 OR (operator)........cccceeeeeevircrincnieiiencnes 190
nth_value..........ccoooiiie, 269 ORDER BY .....ccoouviiiiiininiviniciine 37,130
NHLE L, 269 OULer JOIN ..o 117
null value OVER clause ..........ccccouvviniiniicicicicicicne, 70
COMPATING ...oviiiiiiiiiiiiieieecns 191 overlay ... 196
default value........cccccoevrecinnccenen. 79 parameter
in DISTINCT ... 129 SYNEAX .t 67
with check constraints...........ccceeeenee 80 parenthesis.......c.cccoveeinnecinnccce. 66
with unique constraints ....................... 83 partitioning ..o 102
INULLIF ..o 263 path (data type) ......ccoveiiiiiiiniiis 164
pattern matching............ccceviiinniins 207
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PClOSE .. 242
percent_rank ..........cceceveveneineineninenne. 269
PErmiSSiON......coevverviriierinenee. See privilege
pg_advisory_lock.......cccccovviiiininiiinns 289
pg_advisory_lock_shared....................... 289
pg_advisory_unlock .......cccecceeinniinnns 289
pg_advisory_unlock_all.......................... 289
pg_advisory_unlock_shared .................. 289
pg_cancel_backend.............ccccccoeiiiiiinnn 289
pg_client_encoding..........cccoceevviriiinns 196
pg_column_size.........cccccceeviruiuiininueninnns 196
pg_conf_load_time..........cccoeeinniinns 280
pg_conversion_is_visible..........c............. 280
pg_current_xlog_insert_location ........... 289
pg_current_xlog_location........................ 289
pg_database_size .......c.ccccceevveirinnreenns 289
pg_function_is_visible.............cccccccccec.. 280
pg_get_constraintdef..............cccceeennn 280
PE_get_eXPr ..o 280
pg_get_function_arguments................... 280
pg_get_function_identity_arguments...280
pg_get_function_result............ccccoceeeeeeee. 280
pg_get_functiondef...............ccccvniiins 280
pg_get_indexdef........ccoevenniiinniinns 280
pg_get_keywords.......cccocevevneeininincenns 280
pg_get_ruledef...........ccoeiiiiiiiinn. 280
pg_get_serial_sequence..............ccccccueu 280
pg_get_triggerdef............ccocoiiiiniiins 280
pg_get_userbyid.........cccccooviiiiinninins 280
pg_get_viewdef........cooiiniii 280
pg_has_role.......ccoccoiviviiiiniiiis 280
pg_is_other_temp_schema.................... 280
PEIS_dir .o 289
pg_my_temp_schema...........cccccccevnunnnee. 280
pg_opclass_is_visible ............cccccccueuneene. 280
pg_operator_is_visible ............cc.ceeeuenn. 280
pg_postmaster_start_time ...................... 280

pg_read_file ..o 289
pg_relation_size ..........ccccoovvvniiiininnen. 289
pg_reload_conf...........cccoeiiiiniiiinnnnnn. 289
pg_rotate_logfile ............cccooviiiniiins 289
pg_size_pretty ..o 289
PE SleeP .. 241
pg_start_backup ..o 289
pg_stat_file. ..o 289
pg_statistic ... 380
PE_Stats. ..o 380
pg_stop_backup .......cccccoeeininiiininnnn. 289
pg_switch_x1og.........ccccovviinniiininnnnn. 289
pg_table_is_visible..........ccccccccceoinniinnns 280
pg_tablespace_databases........................ 280
pg_tablespace_size..........ccccoeeiriruercnenne 289
pg_terminate_backend............cccceeeun. 289
pg_total_relation_size ............cccceeninnne 289
pg_try_advisory_lock..........cccccccucuennnnn. 289
pg_try_advisory_lock_shared................ 289
pg_ts_config is_visible ............cccccceen. 280
pg_ts_dict_is_visible...........c.ccccceiininiin. 280
pg_ts_parser_is_visible ............cccccccunn 280
pg_ts_template_is_visible....................... 280
pg_type_is_visible ........ccccoveiininniinns 280
PELYPEOf .o 280
pg_xlogfile_name...........cccccceuruiuiinennnnnn. 289
pg_xlogfile_name_offset......................... 289
phantom read .........ccccoviiiiiiiiiiiin 361
Pl e 193
plainto_tsqUery ........cccccccovviveiiiiniiinns 329
POINt ..ot 163
POLYZON ...t 164
POPEM ..o 242
POSIHON ..o 196
POSTGRES.......cccoviviiiiiiiiiciciccccce, 29
POWET ..t 193
predicate locking............cccoeviiiniiiins 365
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primary Key......ccccoviiiiiiiiiiiiie, 84 regular expression............ccceueuenee 209, 210
privilege........cocovviiiiii 92 See also pattern matching
for schemas ........ccccoovvvvvniiinnnniniiinnne, 96 relation........cccooeiiiiine 34
QUETYINE ..o 280 relational database...............cccoeiininiin. 34
PSAL e 32 TEPEAL .. 196
qualified name..........ccccoeeeinniiinncnnen. 94 TEPlACE......iiiiiiiccce 196
QUETY e 37,116 RESTRICT
query plan ... 374 foreign key action .........ccccceeevvrveucinnnne 84
QUETYLTEE ... 335 with DROP.......cccocoiiiiiiiiiiiie 111
quotation marks right join ..o 117
and identifiers.........cccccoovvvniiiinnnnnn. 56 TOUNd ..o 193
€SCAPING....voviviiiiiiiiiiciec e 58 TOW oot 34,74,77
quote_ident ........ccoceeivveiinnecinen, 196 TOW tYPE o 182
quote_literal ..........ccccooviiiiniiiiicis 196 CONSEIUCTOT ... 74
quote_nullable........ccccocoeoinniiinniins 196 TOW_NUMDET ... 269
TAdIANS .. 193 rOW-wise comparison ..........ccccceeveuenenne. 274
TAAIUS oot 242 TPAA i 196
random ... 193 TEFIML 196
TANK .o 269 schema ..o 93
real. .o 141 creating........ccoveeiiviiiiiiiiccie 94
1eCOTd ...viiiiiiiiici s 188 CUITENE ..o 95, 280
rectangle ... 163 PUDBLIC ..o 95
referential integrity ..........ccccoeveeinene. 44, 84 TEMOVING ... 94
1€GCLASS ... 187 search path ..o, 95
TEGCONTIG ..o 187 CUITENt ..o 280
regdictionary.........cccceeeveeececccenene. 187 search_path ... 95
regexp_matches.........cccoovniiiniiins 210 SELECT ...t 37,116
regexp_replace..........ccocooeeiviiiiininiiinnnns 210 select list ......cccoevveeincciniiiicecee 128
regexp_split_to_array...........ccccceeueuenee. 210 SEQUENICE ...t 259
regexp_split_to_table............cccoeeiinns 210 and serial type .........ccoeeiiniiinnnnn. 142
TEGOPET ..ttt 210 Serial....ccccviiiiiiiiiii 142
TeZOPETAtOr.....ccviuiiiiiiiciieicieee 210 Seriald.......ooeiviiieiiicce e 142
TEGPTOC .. ecueereueereereeeeeeereseseeeeneeseeneneenas 210 serial8.......ooeiriiii e 142
regprocedure ...........cooveeeueicieicncncnennen. 210 serializability ..........cccoooiiiiiin 365
regression intercept ..........ccooccceviiiinns 265 SET ..o, 289
regression slope.........cccccevviicininicinnnns 265 set difference............cccococvvviiiiniinnn, 130
TEELYPE .o 187 set intersection..........ccoccevvevnciicciicininne 130
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set operation ..........ccccceeveiiiiiiiiiniicnnenn. 130
set returning functions
functions.........cccceveveiciniiiiinicce, 277
Set UNION ...cviiiiiiiiiciccccce 130
Set_Dit .o 205
Set_DYte. oo 205
setseed ..o 193
SetVAl ... 259
setweight ... 334
shobj_description...........ccccocvvvininnnnnee. 280
SHOW ..o 289
SIZM vt 193
signal
backend processes...........cccceruereinnnnne. 289
SIMILAR TO....ocoiviviviviiiiiiiciciciccce 209
SIM et 193
SIEEP v 241
smallint........cococveviiiniiniiiecce 139
SOME......cccoiviiiiiininiiie, 265, 270, 274
SOTHINE ...viiiiiiiiiiciicccce 130
SPLt_Part c..ceeeveiicicccec e 196
STt 193
standard deviation.........c.cccccccevvrcinnnen 265
population.........cccceeveeirnecinneene, 265
SAMPLe...ciiiiiiieiee e 265
statement_timestamp ...........ccoceeeeiinne 230
Statistics .....ccovviiiiiiiiiiiic 265
of the planner.........cccccceeveveneincenennnn 380
SHANG ..o See character string
string_to_array .........cccceeeviiiiciiiniinens 264
SHP o 334
SHPOS. .ot 196
SUbQUETY ....c.ccovvvvereiieeicnenne 41, 72,122,270
SUDSCIIPL ... 67
SUDSEL .. 196
substring..........ccoccceevevnnnns 196, 205, 209, 210
SUIML....voviiiietcneietetenet et 41

SUPETUSET ...t 32
suppress_redundant_updates_trigger..295
syntax
SQL..oiiiicii 55
system catalog
schema .......ccooeiiviciiniccc 97
171 o) (<TRUR PR ROPRRRRORPRRRt 34,77
creating ... 77
inheritance ..........ccocccvevieniiniccneeee 98
MOdifying......ccccevuiiiiiiiiiiiiiiiiiiee, 89
partitioning .........ccoceevvviviiiiiiinne 102
TEMOVING ..o 77
TENAMUNE ..o 92
table expression.........c.cccvecvccincninncnne. 117
table function.........cccoccceeneciinncinne 123
tableoid ..o 87
tan. 193
teXt. oo, 144
text search ..o 321
data types......cccccviiiiiniiiiiiis 168
functions and operators ...................... 168
INAEXES....ooooviiiiiiiiiicicccce 355
H e 187
101 0.4 LIPS 148, 151
constants.........cceeevveciiiiiiiniin 153
CUITENT ..viiiiiiicieeecee e 239
output format ........cceeeereecinneerennnnes 153
............................... See also formatting
time span ..o 148
time with time zone.........c..cccecc.e.. 148, 151
time without time zone.................... 148, 151
time Zone ... 154
CONVEISION...ccuiuiiiiiiiiiiiiiiccccians 238
timeofday .......cccccceiiiiiiii 230
timestamp.......cccoccovveeinciiciiiies 148, 152
timestamp with time zone............... 148, 152
timestamp without time zone......... 148, 152
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O J= Y1 o) § SRS 196 txid_snapshot_xmax......c..ccccceerrrerecennnee 280
FO_ CAT e 224 txid_snapshot_xmin ......c..ccccceeeceennnee 280
to_date ..o 224 txid_visible_in_snapshot .........c..cccc...... 280
to_heX ..o 196 EYPE v See data type
to_NUMDET ..o 224 tyPpe Cast. ..o 61,71
to_timestamp ........ccccecevviiiiiniiiiin 224 UESCAPE.....cccooieeeeeeeeeeieeeeeeee 56, 59
to_tsqUery.....ccoovvviiiiiii, 329 Unicode escape
tO_tSVECLOT ... 328 in identifiers.......ccooeevevvecinnccinnnen 56
tOKeN ..o 55 in string constants............cccocoovennnnnnn 59
transaction..........cocceeviiiciiiiiiiiiiiinincce 45 UNION ..., 130
transaction isolation............cccccccceveiinns 361 determination of result type............... 305
transaction isolation level ....................... 361 unique constraint ..........ccceecevecerecinnennnne. 83
read committed ........ccceoeeniiniincnnn 362 UNNESE ..o 264
serializable .........ccccoeveiiviiinnicne 364 unqualified name.........cccococcevivniinnnn 95
transaction_timestamp........c.ccccccceeeunee 230 UPDATE ... 43,114
translate ........occceovveeeinicccee 196 updating .......occeeeevvveeinnecireece 114
tAZET v 188 UPPET vttt 196
for updating a derived tsvector column user
............................................................ 338 CUITENE .. 280
HIMLcc 196 UUID...ooiieeeeeeeeeee e 170
TRUE.....ccoiiiiiiiiiccccccccce 159 value expression.........ooceveveieiicicieiennnn, 66
EIUNC o 193 VALUES ..o 132
ts_debug ......oceeiviiiiicce 351 determination of result type............... 305
ts_headline ..o, 332 VArChar ..o 144
tS_1eXIZE .. 354 VATIANCE ..ottt 265
ES_Parse....ccvuciiiiicic e 353 population.......c.ccccceeiirinininnnenineneenes 265
TS TANK e 330 SAMPIE...eimiiiiiririeireeeeeeeeee e 265
ts_rank_cd.....cccoeveiiiniiiiieeeeeees 330 VETSION .ottt eeaeeeee e 32, 280
tS_TeWTIte. .o 336 VIEW .ttt 44
ts_stat ..o 339 VOI ceiiiie e 188
tS_toKen_type....cccovvevevevereeveierereiererenenenene 353 WHERE .....oooiiiiiiincccteeee 124
tsquery (data type)......cccccooeveiicnieiennnnn. 169 WIAH oo 242
tsvector (data type) .....ccccoevevrccinieinne. 168 width_bucket.......cocovieeurnriieeeene, 193
tsvector concatenation..............cocceunnne. 334 window function.........ccceeeeuvercueericenenenee 48
txid_current...........ocooiiiiiiiiic, 280 DUIIE-IN oo, 269
txid_current_snapshot...........ccccccceuevnne. 280 INVOCAtION....vveieieeciereiiccee e 70
txid_snapshot_Xip......c.cccceevereencinuencnes 280 order of execution ...........ceceevevereeuenenne. 127
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WITH ..o 133 xmlcomment .........cocecveeiveninenieneinienene 250

IN SELECT ..., 133 XMICONCAL ....ooveviiiiiiiiiicccccce 251
X 187 xmlelement...........ccoeeiiniiiinniiinnnnn. 251
XIMAX .o 87 XMUfOrest.......ccovviiiviiiiiiiciiccce, 252
XITUIL <o 87 XINUPATSE ...t 171
XML i, 171 XINUPI o 253
XML €XPOTt ...cvceeiieieiiiniereeireeeeeeeenenen. 255 XIMUTOOL .o 253
XML OPtion ....c.covvveveeiveniercinreicieeiereeens 171 xmlserialize ........ccoveueirneecinnerccnen 171
XMIAEE ..o 254, 265 XPath....ooooiiiiiiiiiiiiic 254
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