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Preface

Thisbook isthe 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 al the
functionality that the current version of PostgreSQL officialy 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:

Part | isan informal introduction for new users.

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

Part 111 describes the installation and administration of the server. Everyone who runs a PostgreSQL
server, beit for private use or for others, should read this part.

Part IV describes the programming interfaces for PostgreSQL client programs.

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

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.

Part VII contains assorted information that might be of use to PostgreSQL devel opers.

1. 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.

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:

complex queries

foreign keys

triggers

updatable views

transactional integrity
multiversion concurrency control

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

data types
functions

operators
aggregate functions

1 https://dsf berkeley.edu/postgres. html
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* index methods
 procedural languages

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

2. 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.

2.1. 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 [ston86], and the definition of the initial data model appeared in [rowe87]. The
design of the rule system at that time was described in [ston87a]. The rationale and architecture of the
storage manager were detailed in [ston87b].

POSTGRES has undergone several major releases since then. The first “demoware” system became
operationa in 1987 and was shown at the 1988 ACM-SIGMOD Conference. Version 1, described in
[ston904], was released to a few externa users in June 1989. In response to a critique of the first rule
system ([ston89]), the rule system was redesigned ([ston90b]), 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: afinancial dataanalysissystem, ajet 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 severa universities. Finaly, Illustra Information Technologies
(later merged into Informix?, which is now owned by 1BM3) picked up the code and commercialized it.
In late }992, POSTGRES became the primary data manager for the Sequoia 2000 scientific computing
project”.

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.

2.2. Postgres9s

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

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

2 https://www.ibm.com/anal ytics/informix
8 https://www.ibm.com/
4 http://meteora.ucsd.edu/s2k/s2k_home.html
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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). (Interface library
libpq was named after PostQUEL .) 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.

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

» A new front-end library, | i bpgt cl , supported Tcl-based clients. A sample shell, pgt cl sh, provided
new Tcl commands to interface Tcl programs with the Postgreso5 server.

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

» Theinstance-level rule system was removed. Rules were till available as rewrite rules.

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

* GNU make (instead of BSD make) was used for the build. Also, Postgreso5 could be compiled with an
unpatched GCC (data alignment of doubles was fixed).

2.3. 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 origina 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 al 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 continuesin all areas.

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

3. Conventions

The following conventions are used in the synopsis of a command: brackets ([ and ] ) indicate optional
parts. Braces ({ and } ) and vertical lines (| ) indicate that you must choose one aternative. Dots (. . . )
mean that the preceding element can be repeated. All other symbols, including parentheses, should be
taken literally.

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

XXXV



Preface

not be interpreted too narrowly; this book does not have fixed presumptions about system administration
procedures.

4. Further Information

Besides the documentation, that is, this book, there are other resources about PostgreSQL :

Wiki
The PostgreSQL wiki® contains the project's FAQ® (Frequently Asked Questions) list, TODO' ligt,
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.

Y ourself!

PostgreSQL isan open-source project. Assuch, it dependson 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, writeit up and contribute
it. If you add featuresto the code, contribute them.

5. 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 seeif the bug happensthere. Or we might decide that the bug cannot be fixed before some major
rewrite we might be planning is done. Or perhapsit is simply too hard and there are more important things
on the agenda. If you need help immediately, consider obtaining acommercial support contract.

5.1. Identifying Bugs

Beforeyou report abug, pleaseread and re-read the documentation to verify that you can really do whatever
itisyou aretrying. If it is not clear from the documentation whether you can do something or not, please

S https://wiki.postgresql .org

6 https://wiki.postgresqgl.org/wiki/Frequently_Asked_Questions
! https://wiki.postgresqgl .org/wiki/Todo

8 https://www.postgresqgl.org
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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:

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

* A program produces the wrong output for any given input.
» A program refuses to accept valid input (as defined in the documentation).

» 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.

 PostgreSQL failsto compile, build, or install according to the instructions on supported platforms.
Here “program” refers to any executable, not only the backend process.

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

Before you continue, check on the TODO list and in the FAQ to seeif 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.

5.2. 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 hit.
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 factsisrelatively
straightforward (you can probably copy and paste them from the screen) but al 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:

» 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 abare SELECT statement without the preceding CREATE
TABLE and | NSERT 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.

Thebest format for atest casefor SQL-related problemsisafilethat can be runthrough the psgl frontend
that shows the problem. (Be sure to not have anythinginyour ~/ . psql r ¢ start-up file.) An easy way
to create thisfileisto use pg_dump to dump out the table declarations and data needed to set the scene,
then add the problem query. Y ou are encouraged to minimize the size of your example, but thisis 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 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 thisinformation is too inexact to be of use.
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» 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
theterminal, if possible.

Note

If you are reporting an error message, please obtain the most verbose form of the message. In
psal, say \ set  VERBOSI TY ver bose beforehand. If you are extracting the message from
the server log, set the run-time parameter log_error_verbosity to ver bose so that all details
are logged.

Note

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

» The output you expected is very important to state. If you just write “This command gives me that
output.” or “Thisisnot what | expected.”, we might run it ourselves, scan the output, and think it looks
OK andisexactly what we expected. We should not haveto spend thetimeto decode the exact semantics
behind your commands. Especially refrain from merely saying that “ Thisis not what SQL says/Oracle
does.” Digging out the correct behavior from SQL is not afun 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 thisitem.)

» 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 al differently from the installation instructions.

» The PostgreSQL version. You can run the command SELECT ver si on(); to find out the version
of the server you are connected to. Most executable programs also support a- - ver si on option; at
least post gres --versionandpsql --versi on shouldwork. 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 Git snapshot, mention that, including the commit hash.

If your version is older than 13.6 we will amost 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 sitesusing
older rel eases of PostgreSQL ; if you require more than we can provide, consider acquiring acommercial
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 x86_64. If you have
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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 article’
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. Thiswill
probably not help solving it. If it turns out that the bug cannot be fixed right away, you will still havetime
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 process,
mention that, do not just say “PostgreSQL crashes’. A crash of asingle backend processis quite different
from crash of the parent “postgres’ process; please don't say “the server crashed” when you mean asingle
backend process went down, nor vice versa. Also, client programs such as the interactive frontend “ psgl”
are completely separate from the backend. Please try to be specific about whether the problem is on the
client or server side.

5.3. Where to Report Bugs

In general, send bug reports  to the bug report mailing list at
<pgsql - bugs@i st s. post gresqgl . or g>. 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 site™®. Entering a bug
report thisway causesit to be mailed tothe<pgsql - bugs@i st s. post gr esql . or g> mailinglist.

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@ostgresql.org>.

Do not send bug reports to any of the user maling lists, such as
<pgsql -sqgl @i sts. postgresql . org> or
<pgsql -general @i sts. postgresqgl.org>. These mailing lists are for answering user
guestions, 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
<pgsql - hackers@i sts. post gresql . 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
adiscussion about your bug report on pgsqgl - hacker s, 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
<pgsql -docs@i st s. post gresqgl . or g>. 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 mall to
<pgsql - hackers@i st s. post gresql . or g>, sowe (and you) can work on porting PostgreSQL
to your platform.

° https://www.chiark.greenend.org.uk/~sgtatham/bugs.html
10 https:/iwww. postgresal.org/
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Note

Due to the unfortunate amount of spam going around, all of the above lists will be moderated
unless you are subscribed. That means there will be some delay before the email is delivered. If
you wish to subscribe to the lists, please visit https://lists.postgresql.org/ for instructions.
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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 experienceis
required. Thispartismainly 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 topicsit covers.

After you have worked through this tutorial you might want to move on to reading Part |1 to gain a more formal
knowledge of the SQL language, or Part IV for information about devel oping applications for PostgreSQL . Those who
set up and manage their own server should also read Part 111.
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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) accessis required.

If you are installing PostgreSQL yourself, then refer to Chapter 16 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 thingsup in the default way, you might have some morework to do. For
example, if the database server machineisaremote 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 lineisthis: 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 usesaclient/server model. A PostgreSQL session consistsof thefollowing
cooperating processes (programs):

» 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
caled post gres.

» The user's client (frontend) application that wants to perform database operations. Client applications
can bevery diversein nature: aclient could be atext-oriented tool, agraphical application, aweb 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.

Asistypical 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. Y ou should keep thisin mind, because the files that
can be accessed on aclient 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 thisit 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 post gr es process. Thus, the master server processis
always running, waiting for client connections, whereas client and associated server processes come and
go. (All of thisis of courseinvisible to the user. We only mention it here for completeness.)
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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. 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 nydb

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:

creat edb: command not found

then PostgreSQL was not installed properly. Either it was not installed at al or your shell's search path
was not set to includeit. Try calling the command with an absol ute path instead:

$ /usr/local/pgsql/bin/createdb nmydb

The path at your site might be different. Contact your site administrator or check the instalation
instructions to correct the situation.

Another response could be this:

creat edb: could not connect to database postgres: could not connect to
server: No such file or directory

I's the server running locally and accepting

connections on Unix domain socket "/tnp/.s.PGSQ.5432"?

This means that the server was not started, or it was not started where cr eat edb 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 exi st

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 arethe administrator, see Chapter 21 for help creating accounts. Y ou will need to become
the operating system user under which PostgreSQL was installed (usually post gr es) 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.
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If you have a user account but it does not have the privileges required to create a database, you will see
the following:

creat edb: database creation failed: ERROR  permnission denied to
create dat abase

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 thistutorial under the user account that you started the server as. 1

Y ou can also create databases with other names. PostgreSQL allows you to create any number of databases
at agiven site. Database names must have an alphabetic first character and are limited to 63 bytesin 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 ny db, you can destroy it using the following command:

$ dropdb nydb

(For this command, the database name does not default to the user account name. You aways need to
specify it.) Thisaction 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 cr eat edb and dr opdb can be found in createdb and dropdb respectively.

1.4. Accessing a Database

Once you have created a database, you can accessit by:

* Running the PostgreSQL interactive terminal program, called psgl, which alows you to interactively
enter, edit, and execute SQL commands.

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

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

Y ou probably want to start up psql to try the examplesin thistutorial. It can be activated for the nydb
database by typing the command:

$ psql nydb

Lasan explanation for why thisworks: PostgreSQL user names are separate from operating system user accounts. When you connect to a database,
you can choose what PostgreSQL user hame to connect as; if you don't, it will default to the same name as your current operating system account.
Asit happens, there will always be aPostgreSQL 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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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 cr eat edb.

Inpsql , you will be greeted with the following message:

psql (13.6)
Type "hel p* for help.

mydb=>

Thelast line could also be:

nydb=#

That would mean you are a database superuser, which is most likely the case if you installed the
PostgreSQL instance 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
creat edb and psql aresimilar, and if the former worked the latter should work as well.

Thelast line printed out by psql isthe prompt, and it indicatesthat psql islistening to you and that you
can type SQL queriesinto awork space maintained by psql . Try out these commands:

nydb=> SELECT version();
ver si on

Post greSQ@. 13.6 on x86_64-pc-|inux-gnu, conpiled by gcc (Debian
4.9.2-10) 4.9.2, 64-bit
(1 row

nmydb=> SELECT current _date;
dat e

2016- 01- 07
(1 row

nydb=> SELECT 2 + 2;
?col um?

(1 row

The psqgl program has a number of internal commands that are not SQL commands. They begin with
the backslash character, “\ ”. For example, you can get help on the syntax of various PostgreSQL SQL
commands by typing:

mydb=> \ h

To get out of psql , type:
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nydb=> \q

and psql will quit and return you to your command shell. (For more internal commands, type\ ? at the
psql prompt.) Thefull capabilitiesof psqgl are documented in psgl. In thistutorial wewill not use these
features explicitly, but you can use them yourself when it is helpful.




Chapter 2. The SQL Language

2.1. Introduction

This chapter provides an overview of how to use SQL to perform simple operations. This tutorial is only
intended to give you an introduction and is in no way a complete tutorial on SQL. Numerous books
have been written on SQL, including [melt93] and [date97]. Y ou should be aware that some PostgreSQL
language features are extensions to the standard.

In the examplesthat follow, we assume that you have created a database named ny db, as described in the
previous chapter, and have been able to start psql.

Examples in this manual can also be found in the PostgreSQL source distribution in the directory sr c/
tutorial /. (Binary distributions of PostgreSQL might not provide thosefiles.) To use thosefiles, first
change to that directory and run make:

$ cd .../src/tutorial
$ nake

This creates the scripts and compiles the C files containing user-defined functions and types. Then, to start
the tutorial, do the following:

$ psqgl -s nydb

nydb=> \i basi cs. sql

The\i command reads in commands from the specified file. psql 's- s option puts you in single step
mode which pauses before sending each statement to the server. The commands used in this section are
inthefilebasi cs. sql .

2.2. Concepts

PostgreSQL is a relational database management system (RDBMS). That means it is a system for
managing data stored in relations. Relation is essentially a mathematical term for table. The notion of
storing data in tables is so commonplace today that it might seem inherently obvious, but there are a
number of other ways of organizing databases. Files and directories on Unix-like operating systems form
an example of ahierarchical database. A more modern development is the object-oriented database.

Each table is a named collection of rows. Each row of a given table has the same set of named columns,
and each column is of aspecific datatype. Whereas columns have afixed order in each row, it isimportant
to remember that SQL does not guarantee the order of the rows within the tablein any way (although they
can be explicitly sorted for display).

Tables are grouped into databases, and a collection of databases managed by a single PostgreSQL server
instance constitutes a database cluster.

2.3. Creating a New Table

Y ou can create a new table by specifying the table name, along with all column names and their types:
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CREATE TABLE weat her (

city var char ( 80),

temp_lo int, -- low tenperature
t enmp_hi int, -- high tenperature
prcp real, -- precipitation
dat e dat e

)

Y ou can enter thisintopsql withthelinebreaks. psql will recognizethat the command isnot terminated
until the semicolon.

White space (i.e., spaces, tabs, and newlines) can be used freely in SQL commands. That means you can
type the command aligned differently than above, or even all on one line. Two dashes (“- - ) introduce
comments. Whatever follows them isignored up to the end of the line. SQL is case insensitive about key
words and identifiers, except when identifiers are double-quoted to preserve the case (not done above).

var char ( 80) specifiesadatatypethat can store arbitrary character strings up to 80 charactersin length.
i nt isthe normal integer type. r eal isatype for storing single precision floating-point numbers. dat e
should be self-explanatory. (Y es, the column of typedat e isalso named dat e. This might be convenient
or confusing — you choose.)

PostgreSQL  supports the standard SQL types i nt, smal lint, real, doubl e precision,
char (N),varchar (N),dat e,ti me,ti mestanp,andi nt er val , aswell asother types of general
utility and arich set of geometric types. PostgreSQL can be customized with an arbitrary number of user-
defined data types. Consequently, type names are not key words in the syntax, except where required to
support special cases in the SQL standard.

The second example will store cities and their associated geographical location:

CREATE TABLE cities (
nane var char ( 80),
| ocation poi nt

)
Thepoi nt typeisan example of a PostgreSQL -specific data type.
Finally, it should be mentioned that if you don't need a table any longer or want to recreate it differently

you can remove it using the following command:

DROP TABLE t abl enane;

2.4. Populating a Table With Rows

The | NSERT statement is used to popul ate a table with rows:

I NSERT | NTO weat her VALUES (' San Franci sco', 46, 50, 0.25,
'1994-11-27");

Note that all data types use rather obvious input formats. Constants that are not simple numeric values
usually must be surrounded by singlequotes(* ), asintheexample. Thedat e typeisactually quiteflexible
in what it accepts, but for this tutorial we will stick to the unambiguous format shown here.
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Thepoi nt type requires a coordinate pair as i