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�

Addison Wesley. Posted with permission of the publisher. All
rights reserved.
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book.pdf. These are updated automatically every night.

I am done my �rst draft of chapters 1�3. Parts may not be spell checked, proofread, or critiqued.
You are seeing it as it is being written.
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Preface

This book is about POSTGRESQL, the most advanced open source database. From its origins in
academia, POSTGRESQL has moved to the Internet with explosive growth. It is hard to believe the
advances over the past three years under the guidance of a team of world-wide Internet developers.
This book is a testament to their vision, and to the success POSTGRESQL has become.

The book is designed to lead a person from their �rst database query through the complex queries
needed to solve real-world problems. No knowledge of database theory or practice is required. Basic
operating system capabilities are expected, like the ability to type at an operating system prompt.

The book starts with a short history of POSTGRESQL. It leads the reader through their �rst query,
and teaches the �ve most important database commands. Common problems are covered early. Prob-
lems like adding quotes to quoted strings, or using proper capitalization and punctuation in queries.
This should prevent users from getting stuck with queries that fail. I have seen many bug reports in
the past few years, and try to cover the common pitfalls.

With a �rm foundation and hands-on examples, additional commands are then introduced. Finally
specialty chapters outline complex topics like multi-user control and performance. While coverage of
these complex topics is not exhaustive, I try to show common real-world problems and their solu-
tions. For example, telling someone about multi-user concurrency issues is meaningless unless they
can image user queries misbehaving in an improperly con�gured multi-user application.

I do not shy away from complex topics, like index types and table join methods. For new users
confused by these complex issues, it is suf�cient to skim these chapters and continue. Start using the
database, and return to these topics when you are more comfortable.

At each step, the purpose of the commands is clearly illustrated. I want readers to understand
more than query syntax. I want readers to know why each command is valuable, so they will use the
proper commands in their real-world database applications.

A novice should read the entire book, while skimming over the later chapters. Don’t let the com-
plex nature of database systems prevent you from getting started. Test databases are safe way to try
out your own queries. As you gain more experience, the later chapters will start to make sense. Experi-
enced database user can skip the chapters on basic SQL functionality. The cross-referencing of sections
should allow you to quickly move from general to more speci�c information.

Appendix C contains a copy of the POSTGRESQL reference manual which should be consulted
anytime you have having trouble with query syntax. Also, I should mention the excellent documenta-
tion that is part of POSTGRESQL. The documentation covers many complex topics. It includes much
POSTGRESQL-speci�c functionality that can not be covered in a book of this length. I refer to sections
of the documentation in this text where appropriate.

This book was typeset using LYX, http://www.lyx.org, a powerful document processor linked
to the LATEX typesetting system.
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Chapter 1

History of POSTGRESQL

1.1 Introduction

POSTGRESQL is the most advanced open source database server. In this chapter, you will learn about
databases, open source software, and the history of POSTGRESQL.

There are three basic of�ce productivity applications: word processors, databases, and spreadsheets.
Word processors produce text documents critical to any business. Spreadsheets are used for �nancial
calculations and analysis. Databases primary function is data storage and retrieval. You can use a word
processor or a spreadsheet to store small amounts of data, but with large volumes of data or data that
must be retrieved/updated frequently, databases are the best choice. Databases allow orderly data
storage, rapid data retrieval, and complex data analysis, as you will see in the coming chapters.

1.2 UN I V ERSI TY OF CA LI FORN I A AT BERK ELEY

POSTGRESQL began as INGRES, developed at the UNIVERSITY OF CALIFORNIA AT BERKELEY (1977�
1985). The Ingres code was taken and enhanced by RELATIONAL TECHNOLOGIES/INGRES CORPORA-
TION1, which produced one of the �rst commercially successful relational database servers. Also at
Berkeley, MICHAEL STONEBRAKER lead a team to develop an object-relational database server called
POSTGRES (1986�1994). The Postgres code was taken by ILLUSTRA2 and developed into a commercial
product. Two Berkeley graduate students, JOLLY CHEN and ANDREW YU, added SQL capabilities to
Postgres, and called it POSTGRES95 (1994�1995). They left Berkeley, but Chen continued maintaining
POSTGRES95, which had an active mailing list. POSTGRESQL was now open source software.

1.3 Open Source Software

The term open source software often confuses people. With commercial software, a company hires pro-
grammers, develops a product, and sells it to users. With Internet communication, there are new
possibilities. In open source software, there is no company. Capable programmers with an interest and
some free time get together via the Internet and exchange ideas. Someone writes a program and puts
it in a place everyone can access. Other programmers join and make changes. When the program
is suf�ciently functional, they advertise the program’s availability to other Internet users. Users �nd
bugs or missing features and report them back to the developers, who enhance the program.

1IngresCorp. was later pur chasedby Computer Associates.
2Illustra was later pur chasedby Informix and integrated into Informix's Universal Server.

1
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2 CHAPTER 1. HISTORY OF POSTGRESQL

It sounds like an unworkable cycle, but in fact it has several advantages:

� A company structure is not required, so there is no overhead and no economic restrictions.

� Program development is not limited to a hired programming staff, but taps the capabilities and
experience of a large pool of Internet programmers.

� User feedback is facilitated, allowing program testing by a large number of users in a short period
of time.

� Program enhancements can be rapidly distributed to users.

1.4 Development Leaves BERK ELEY

In the summer of 1996, it became clear that the demand for an open source SQL database server was
great, and a team was formed to continue development. MARC G. FOURNIER, Toronto, Canada, of-
fered to host the mailing list, and provide a server to host the source tree. The 1,000 mailing list sub-
scribers were moved to the new list, and a server was con�gured, giving a few people login accounts
to apply patches to the source code using cvs.3.

JOLLY CHEN had stated, "This project needs a few people with lots of time, not many people with a
little time." With 250,000 lines of C4 code, we understood what he meant. In the early days, there were
four major people involved, Fournier, THOMAS LOCKHART in Pasadena, California, VADIM MIKHEEV

in Krasnoyarsk, Russia, and myself in Philadelphia, Pennsylvania. We all had full-time jobs, so were
doing this in our spare time. It certainly was a challenge.

Our �rst goal was to scour the old mailing list, evaluating patches that had been posted to �x
various problems. The system was quite fragile then, and not easily understood. During the �rst six
months of development, there was fear that a patch would break the system, and we would be unable
to correct the problem. Many bug reports had us scratching our heads, trying to �gure out not only
what was wrong, but how the system even performed many functions.

We inherited a huge installed base. A typical bug report was, "When I do this, it crashes the
database." We had a whole list of them. It became clear that some organization was needed. Most
bug reports required signi�cant research to �x, and many were duplicates, so our TODO list reported
every buggy SQL query. It helped us identify our bugs, and made users aware of them too, cutting
down on duplicate bug reports.

We had many eager developers, but the learning curve in understanding how the back-end worked
was signi�cant. Many developers got involved in the edges of the source code, like language interfaces
or database tools, where things were easier to understand. Other developers focused on speci�c prob-
lem queries, trying to locate the source of the bug. It was amazing to see that many bugs were �xed
with just one line of C code. Postgres had evolved in an academic environment, and had not been ex-
posed to the full spectrum of real-world queries. During that period, there was talk of adding features,
but the instability of the system made bug �xing our major focus.

1.5 POSTGRESQL Global Development Team

In lage 1996, we changed our name from POSTGRES95 to POSTGRESQL. It is a mouthful, but hon-
ors our Berkeley name and touts our SQL capabilities. We started distributing our source code using

3cvs sychronizes accessby developers to shared program �les.
4C is a popular computer language �rst developed in the 1970's.
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1.5. POSTGRESQL GLOBAL DEVELOPMENT TEAM 3

remote cvs, which allowed people to keep up-to-date copies of the development tree without down-
loading an entire set of �les every day.

Releases were every 3�5 months. This consisted of 2�3 months of development, one month of beta
testing, a major release, and a few weeks to issue sub-releases to correct serious bugs. We were never
tempted to do a more aggressive schedule with more releases. A database server is not like a word
processor or a game, where you can easily restart it if there is a problem. Databases are multi-user, and
lock user data inside our servers, so we have to be very careful that released software is as reliable as
possible.

Development of source code of this scale and complexity is not for the novice. We had trouble
getting developers interested in a project with such a steep learning curve. However, our civilized at-
mosphere, and our improved reliability and performance, �nally helped attract the experienced talent
we needed.

Getting our developers the knowledge they needed to assist with POSTGRESQL was clearly a pri-
ority. We had a TODO list that outlined what needed to be done, but with 250,000 lines of code, taking
on any TODO item was a major project. We realized developer education would pay major bene�ts
in helping people get started. We wrote a detailed �owchart of the back-end modules.5 We wrote a
developers FAQ6, to describe some of the common questions of POSTGRESQL developers. With this,
developers became more productive at �xing bugs and adding features.

The source code we inherited from Berkeley was very modular, but suffered from bit rot7, and some
Berkeley coders hadn’t understood the proper way to handle certain tasks. Also, their coding styles
were quite varied. We wrote a tool to format/indent the entire source tree in a consistent manner. We
wrote a script to �nd functions that could be marked as static8, or never-called functions that could
be removed completely. These are run just before each release. A release checklist reminded us of the
things that have to be changed for each release.

As we gained knowledge of the code, we became able to perform more complicated �xes and
feature additions. We started to redesign poorly structured code. We moved into a mode where each
release had major features, instead of just bug �xes. We improved SQL conformance, added sub-selects,
improved locking, and added missing SQL functionality. We added commercial-style phone support
for those that needed it.

The Usenet discussion group archives started touting us. In the previous year, we had searched
for POSTGRESQL, and found that many people were recommending other databases, even though we
were addressing user concerns as rapidly as possible. One year later, many people were recommend-
ing us to users who needed transaction support, complex queries, commercial-grade SQL support,
complex data types, and reliability. This more clearly portrayed our strengths. Other databases were
recommended when speed was the overriding concern. REDHAT’S shipment of POSTGRESQL as part
of their LINUX9 distribution quickly multiplied our user base.

Every release is now a major improvement over the last. Our global development team now has
mastery of the source code we inherited from Berkeley. Finally, every code module is understood
by at least one development team member. We are now easily adding major features, thanks to the
increasing size and experience of our world-wide development team.

5All the �les mentioned in this chapter are available as part of the POSTGRESQL distribution, or at http://www.
postgresql.org/docs .

6Frequently Asked Questions
7The term bit rot is a programmer 's term used for sourcecode that not beenregularly maintained.
8A staticfunction is a function that is used by only one program �le.
9Linux is a popular UN IX-like, open sourceoperating system.
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Chapter 2

Issuing Database Commands

At this point, the book assumes you have POSTGRESQL installed, the POSTGRESQL server running,
you are a con�gured POSTGRESQL user, and you have created a database called test. If not, please
see appendix B .

In this chapter, you will learn how to connect to the database server, and issues simple commands
to the POSTGRESQL server.

2.1 Starting a Database Session

POSTGRESQL uses a client/server model of communication. That means that a POSTGRESQL server
continually runs, waiting for a client requests. The server then processes the requests and returns
results to the client

Choosing an Interface

Because the POSTGRESQL server runs as a stand alone process on the computer, there is no way for
a user to interact with it directly. Instead, there are client applications designed speci�cally for user
interaction. This chapter shows you how to interact with POSTGRESQL using the psql interface. Ad-
ditional interfaces are covered in Chapter 14.

Choosing a Database

Each POSTGRESQL server controls access to a number of databases. Databases are storage areas used by
the server to partition information. For example, a typical installation may have a production database,
used to keep all information about a company. They may also have a training database, used for
training and testing purposes. They may have private databases, used by individuals to store personal
information. For this exercise, we will assume you have created an empty database called test. If this
is not the case, see the Appendix on in the appendix, section B.5.

Starting a Session

To start a psql session, go to a command prompt, and type psql test. Your output should look
similar to �gure 2.1. Remember, the operating system command prompt is case-sensitive, so you must
type this in all lowercase.1

1A few operating systemsare case-insensitive.

5
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6 CHAPTER 2. ISSUING DATABASE COMMANDS

$ psql test
Welcome to the POSTGRESQL interactive sql monitor:
Please read the file COPYRIGHT for copyright terms of POSTGRESQL

[PostgreSQL 6.6.0 on i386-pc-bsdi4.0.1, compiled by gcc2 ]
type \? for help on slash commands
type \q to quit
type \g or terminate with semicolon to execute query

You are currently connected to the database: test

test=>

Figure 2.1: psql session startup

test=> select user;
getpgusername
-------------
postgres
(1 row)

test=>

Figure 2.2: My �rst SQL query

2.2 Controlling a Session

Congratulations. You have successfully connected to the POSTGRESQL server. You can now issue
commands, and receive replies from the server. Let’s try one. Type SELECT USER; and press Enter
(see �gure 2.2). If you make a mistake, just press Backspace and retype. This should show your login
name underneath the dashed line. In the example, the login name postgres is shown. The word
getpgusername is a column label. The server is also reporting that it has returned one row of data.
The line test=> tells you that the server is done and is waiting for your next database query.

Let’s try another one. At the test=> prompt, type SELECT CURRENT_TIME; and press Enter. It
should show the current time. Each time you execute the query, the server will report the current time
to you.

Typing in the Query Buf fer

Typing in the query buffer is similar to typing at a operating system command prompt. However,
at a operating system command prompt, Enter completes each command. In psql, commands are
completed only when you enter a semicolon (;) or backslash-g (\g). Here’s a good example. Let’s do
SELECT 1 + 3; but in a different way (see �gure 2.3). Notice how the query is spread the over three
lines. The semicolon was the thing that told psql to send the query to the server. We could easily
have replaced the semicolon with backslash-g. I don’t recommend you type queries as ugly as this one,
but longer queries will bene�t from the ability to spread them over multiple lines. You may notice
that part of the query is in uppercase, and some of it is in lowercase. Unless you are typing a string in
quotes, the POSTGRESQL server doesn’t care whether words are uppercase or lowercase. For stylistic
reasons, I recommend words special to POSTGRESQL be entered in all uppercase, and user-supplied
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2.2. CONTROLLING A SESSION 7

test=> SELECT
test-> 1 + 3
test-> ;
?column?
--------

4
(1 row)

test=>

Figure 2.3: Multi-line query

test=> SELECT
test-> 2 * 10 + 1;
test-> \p
SELECT
2 * 10 + 1
test-> \g
?column?
---------

21
(1 row)

test=>

Figure 2.4: Backslash-p demo

words in lowercase.
If you have readline2 installed, psqlwill even allow you to use your arrow keys. Your left and right

arrow keys allow you to move around, and the up and down arrows retrieve previously typed query
strings.

Displaying the Query Buf fer

You can continue typing inde�nitely, until you use a semicolon or backslash-g. Everything you type
will be kept by psql until you are ready to send the query. If you use backslash-p (\p), you can even
see everything that accumulated in the query buffer. In �gure 2.4, three lines of text are accumulated
and displayed by the user using backslash-p. After display, we use backslash-g to execute the query and
return the value 21. This comes in handy with long queries.

Erasing the Query Buf fer

Don’t want what you have typed? Use backslash-r (\r) to reset or erase the buffer.

2Readlineis a GN U library that allows powerful command-line editing.
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8 CHAPTER 2. ISSUING DATABASE COMMANDS

2.3 Exiting a Session

This chapter would not be complete without showing you how to exit psql. Use backslash-q (\q) to
quit the session.

2.4 Getting Help

You may ask, �Are these backslash commands documented anywhere?� If you look at �gure 2.1, you
will see the answer is printed every time psql starts. Backslash-? prints all valid backslash commands.
Backslash-q exits psql. Backslash g (go), p (print), r (reset), and q (quit) should be all you need for a
while. Section 14.11 has more information about psql.
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Chapter 3

Five Basic SQL Commands

SQL stands for Structured Query Language. It is the most common way of communicating with database
servers, and is supported by almost all database systems. In this chapter, you will learn about relational
database systems and how to issue the �ve most important SQL commands.

3.1 Relational Databases

As I mentioned in section 1.1, the purpose of a database is rapid data storage and retrieval. Today,
most database systems are relational databases. While the term relational database has a mathematical
foundation, practically it means that all data stored in the database is arranged in a uniform structure.

In �gure 3.1, you see the database server with access to three databases, test, demo, and �nance. You
could issue the command psql finance and be connected to the �nance database. You have already
dealt with this in chapter 2. Using psql, you chose to connect to database test with the command
psql test. To see a list of database available at your site, type psql -l. The �rst column lists the
database names. However, you may not have permission to connect to them.

You may ask, �What are those black rectangles in the databases?� Good question. Those are tables.
Tables are the foundation of a relational database management system (RDBMS). As I mentioned earlier,
databases store data. Those tables are where all the data is stored in a database. Each table has a name
de�ned by the person who created it.

Let’s look at a single table called friends in table 3.1. You can easily see how tables are used to store
data. Each friend is listed as a separate row in the table. The table records �ve pieces of information
about each friend, �rstname, lastname, city, state, and age.

Each friend is on their own row. Each column contains the same type of information. This is the
type of structure that makes relational databases successful. Relational databases allow you to select
certain rows of data, certain columns of data, or certain cells. You could select the entire row for Mike,
the entire column for City, or a speci�c cell like Fort Worth. There are synonyms for the terms table, row,
and column. Table is more properly referred to as a relation or class, row as record or tuple, and column as
�eld or attribute.

FirstName LastName City State Age
Mike Nichols Tampa FL 19
Cindy Anderson Fort Worth TX 23
Sam Jackson Allentown PA 22

Table 3.1: Table friends

9
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Database Finance

Figure 3.1: Databases

test=> CREATE TABLE friends (
test-> firstname CHAR(15),
test-> lastname CHAR(20),
test-> city CHAR(15),
test-> state CHAR(2),
test-> age INTEGER
test-> )\g
CREATE

Figure 3.2: Create table

3.2 Creating Tables

Let’s create our own table and call it friends. The psql query to create the table is shown in �gure 3.2.
You don’t have to type it exactly like that. You could have used all lowercase, or you could have failed
to indent the column names, and it would have worked just the same.

Let’s look at it from the top down. The wordsCREATE TABLEhave special meaning to the database
server. They indicate that the next request from the user is to create a table. You will �nd most SQL

requests can be quickly identi�ed by the �rst few words. The rest of the request has a speci�c format
that is understood by the database server. While capitalization and spacing is optional, the format for a
query must be followed, or the database server will issue an error such as parser: parse error at or near "pencil",
meaning the database got confused near the word pencil. In such a case, the manual page for the com-
mand should be consulted and the query reissued in the proper format. A copy of the POSTGRESQL
manual pages appear in appendix C.

The CREATE TABLE command follows a speci�c format. First, the two words CREATE TABLE, then
an open parentheses, then a list of column names and their types, followed by a close parentheses. The
important part of this query is between the parentheses. You will notice there are �ve lines there. The
�rst line, firstname CHAR(15), represents the �rst column of the table to create. The word �rstname
is the name of the �rst column, and the text CHAR(15) tells the column type. The �rst column of every
row holds up to 15 characters. That’s what CHAR(15) means. The second column is called lastname
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3.3. ADDING DATA WITH INSERT 11

test=> INSERT INTO friends VALUES (
test-> ’Mike Nichols’,
test-> ’Tampa’,
test-> ’FL’,
test-> 19
test-> );
INSERT 18720 1

Figure 3.3: Insert

and holds up to 20 characters. Columns of type char hold characters with a speci�ed limit to their
length. Columns city and state are similar. The �nal column, age, is different. It is not a CHAR() column.
It is an INTEGER column. It holds whole numbers, not characters. Even if there were 5,000 friends in
the table, you can be certain that there are no names appearing in the age column, only whole numbers.
It is this structure that helps databases be fast and reliable.

Why not create some tables yourself now. Keep in mind that all table names and column names
should be made up of only letters, numbers, and the underscore (_) character. Each name has to start
with a letter and not a number. For example, address, of�ce, zipcode9 are all valid names, while 2pair
is not Don’t use punctuation in your names either. However, you can use punctuation in table and
column names if you surround the name with double quotes (�) when you create it, and every time
you reference the name in a query. This also allows you to preserve capitalization.

You can use the \d command to see the tables you created. If you type \d and press Enter, you
will see the names of all the tables in the current tables. To see information about a speci�c table, type
\d followed by the name of the table. To see the column names and types of your new friends table in
psql, type \d friends. As you create tables, view your new tables with \d.

3.3 Adding Data with IN SERT

Let’s continue toward the goal of making a table exactly like the friends table in table 3.1. We have the
table created, but there is no data (friends) in it. You add data into a table with the INSERT command
. CREATE TABLE had a speci�c format that had to be followed. INSERT has a speci�c format too. You
can see the format in �gure 3.3. First, you have to use single quotes. Double quotes will not work.
Spacing and capitalization are optional, except inside the single quotes. Inside them, the text is taken
as literal, so any capitalization will be stored in the database exactly as you specify. If you type too
many quotes, you can get to a point where your backslash commands don’t work anymore, and your
prompt will appear as test’>. Notice the single-quote before the greater-than sign. Just type another
single quote to get out of this mode, use \r to clear the query buffer and start again. Notice that the
19 doesn’t have quotes. It doesn’t need them because the column is a numeric column, not a character
column. When you do your inserts, be sure to match each piece of data to the receiving column. Use
the INSERT query in �gure 3.3 as a sample and complete the insertion the three friends.

POSTGRESQL supports more column types than just char() and integer. It supports a wide variety
of column types, but for this chapter, we will use only these two.
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test=> SELECT * FROM friends;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Mike |Nichols |Tampa |FL | 19
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
(3 rows)

Figure 3.4: My �rst SELECT

3.4 Viewing Data with SELECT

You have seen how to store data in the database. Let’s show you how to retrieve data. Surprisingly,
there is only one command to get data out of the database, and that command is SELECT. You have
already used SELECT in your �rst database query in �gure 2.2 on page 6. SELECT has many variations.
We are going to use it to show the rows in the table friends. The query is in shown in �gure 3.4. In this
case, I put the entire query on one line. That’s �ne. As queries get longer, breaking it into multiple
lines helps make things clearer.

Let’s look at this in detail. First, we have the word SELECT, followed by a asterisk (*), then the
word FROM, and our table name friends, and a semicolon to execute the query. The SELECT starts
our command, and tells the database server what is coming next. The * tells the server we want all
the column from the table. The FROM friends tells which table we want to see. So, we have said we
want all (*) rows from our table friends, and indeed, that is what is displayed. It should have the same
data as table 3.1 on page 9.

As I mentioned, SELECT has a large number of variations, and we will look at a few of them now.
First, suppose you wanted to retrieve only one of the columns from the friends table. You may al-
ready suspect that the asterisks (*) has to be changed in the query. If you replace the asterisks (*) with
one of the column names, you will see only that column. Try SELECT city FROM friends. You
can choose any of the columns. You can even choose multiple columns, by separating the names with a
comma. For example, to see �rst and last names only, useSELECT firstname, lastname FROM friends.
Try a few more until you get comfortable. If you specify a name that is not a valid column name, you
will get an error message, ERROR: attribute ’badcolname’ not found. If you try selecting
from a table that does not exist, you will get an error message, ERROR: Relation ’badtablename’
does not exist. POSTGRESQL is using the proper relational database terms relation and attribute
in these error messages.

3.5 WH ERE Clause

Let’s take the next step in controlling the output of SELECT. In the previous section, we showed how
to select only certain columns from the table. Now, we will show how to select only certain rows.
The additional thing needed to do this is the WHERE clause. Without a WHERE clause, every row is
returned.

The WHERE clause goes right after the FROM clause. In the WHERE clause, you specify the rows
you want returned. For example, see �gure 3.5. The query requests to return the rows that have an
age column equal to 23. Figure 3.6 shows a more complex example that returns two rows. You can
combine the column restrictions and the row restrictions in a single query, allowing you to select any
single cell, or a block of cells. See �gures 3.7 and 3.8. Try using one of the other columns in the WHERE
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test=> SELECT * FROM friends WHERE age = 23;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Cindy |Anderson |Fort Worth |TX | 23
(1 row)

Figure 3.5: My �rst WHERE

test=> SELECT * FROM friends WHERE age <= 22;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Mike |Nichols |Tampa |FL | 19
Sam |Jackson |Allentown |PA | 22
(2 rows)

Figure 3.6: More complex WHERE clause

test=> SELECT lastname FROM friends WHERE age = 22;
lastname
--------------------
Jackson
(1 row)

Figure 3.7: A single cell

test=> SELECT city, state FROM friends WHERE age >= 21;
city |state
---------------+-----
Fort Worth |TX
Allentown |PA
(2 rows)

Figure 3.8: A block of cells
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test=> SELECT * FROM friends WHERE firstname = ’Sam’;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Sam |Jackson |Allentown |PA | 22
(1 row)

Figure 3.9: Comparing string �elds

clause. Up to this point, we have made only comparisons on the age column. The age column is integer.
The only tricky part about the other columns that they are char() columns, so you have to put the
comparison value in single quotes. You also have to match the capitalization exactly. See �gure 3.9. If
you compared the �rstname column to ’SAM’ or ’sam’, it would have returned no rows.

Try a few more until you are comfortable.

3.6 Removing Data with DELETE

We know how to add data to the database. Now we learn how to remove it. Removal is quite
simple. The DELETE command can quickly remove any or all rows from a table. The command
DELETE FROM friendswill delete all rows from the table friends. The queryDELETE FROM friends WHERE age
= 19 will remove only those rows that have an age column equal to 19.

Here is a good exercise. INSERT a row into the friends table, use SELECT to verify the row has been
properly added, then use DELETE to remove the row. This combines the things learned in the previous
sections. Figure 3.10 shows an example.

3.7 Modifying Data with UPD ATE

How do you modify data already in the database? You could use DELETE to remove the row, then
INSERT to insert an new row, but that is quite inef�cient. The UPDATE command allows you to update
data already in the database. It follows a format similar to the previous commands.

Mike had a birthday, so we want to update his age in this table. Figure 3.11 shows how to do that.
The example shows the word UPDATE, the table name friends, followed by SET, then the column name,
equals sign (=), and the new value. The WHERE clause restricts the number of rows affected by the
update, just like in DELETE. Without a WHERE clause, all rows are updated.

Notice that the Mike row has moved to the end of the list. The next section will show you how to
control the order of the row display.

3.8 Sorting Data with ORD ER BY

In a SELECT query, rows are displayed in an undermined order. If you want to guarantee that the rows
are returned from a SELECT in a speci�c order, you need to add the ORDER BY clause to the end of the
SELECT. Figure 3.12 shows the use of ORDER BY. You can reverse the order by adding DESC, as seen in
�gure 3.13. If the query were to use a WHERE clause too, the ORDER BY would appear after the WHERE

clause, as in �gure 3.14.
You can ORDER BY more than one column by specifying multiple column names or labels, separated

by commas. It would sort by the �rst column, and for rows with equal values in the �rst column, it
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test=> SELECT * FROM friends;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Mike |Nichols |Tampa |FL | 19
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
(3 rows)

test=> INSERT INTO friends VALUES (’Jim’, ’Barnes’, ’Ocean City’,’NJ’, 25);
INSERT 18880 1
test=> SELECT * FROM friends;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Mike |Nichols |Tampa |FL | 19
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
Jim |Barnes |Ocean City |NJ | 25
(4 rows)

test=> DELETE FROM friends WHERE lastname = ’Barnes’;
DELETE 1
test=> SELECT * FROM friends;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Mike |Nichols |Tampa |FL | 19
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
(3 rows)

Figure 3.10: DELETE example

test=> UPDATE friends SET age = 20 WHERE firstname = ’Mike’;
UPDATE 1
test=> SELECT * FROM friends;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
Mike |Nichols |Tampa |FL | 20
(3 rows)

Figure 3.11: My �rst UPDATE
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test=> SELECT * FROM friends ORDER BY state;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Mike |Nichols |Tampa |FL | 20
Sam |Jackson |Allentown |PA | 22
Cindy |Anderson |Fort Worth |TX | 23
(3 rows)

Figure 3.12: Use of ORDER BY

test=> SELECT * FROM friends ORDER BY age DESC;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
Mike |Nichols |Tampa |FL | 20
(3 rows)

Figure 3.13: Reverse ORDER BY

test=> SELECT * FROM friends WHERE age >= 21 ORDER BY firstname;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
(2 rows)

Figure 3.14: Use of ORDER BY and WHERE
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3.9. DESTROYING TABLES 17

would sort based on the second column speci�ed. Of course, this does not make sense in the the friends
example because all columns are unique.

3.9 Destroying Tables

This chapter would not be complete without showing how to destroy tables. Destruction is simple.
Use the DROP TABLE command. Just type DROP TABLE friends. Both the table structure and the
data contained in the table will be erased. Remember, to remove only the data in the table, without
removing the table structure itself, use DELETE.

3.10 Summary

In this chapter, we have shown you the basic operations of any database, table creation and destruction,
adding, removing, and replacing data in the database.
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Chapter 4

Intermediate SQL

This chapter will illustrate the additional capabilities of the �ve basic SQL commands. We will continue
to use the friends table in our examples.

4.1 Using NULL Values

Let’s return to the INSERT statement described in section 3.3 on page 11. In �gure 3.3 on page 11, we
speci�ed a value for every column. Suppose you wanted to insert a new row, but did not want to
supply data for all the columns, i.e. you want to insert information about Mark, but you don’t know
Mark’s age. Figure 4.1 shows this. Notice after the table name, I am specifying the columns to receive
the data in parentheses. If I were supplying data for all columns, I wouldn’t need to name them like
this. In this case, I have to name the columns, or the database server wouldn’t know which four
column to �ll with the four pieces of data. The interesting question is, �What is in the age cell for
Mark?�. The answer is that the age cell contains a NULL value. NULL is a special database value that
is used when a valid entry for a �eld is not possible. NULL has a special behavior in comparisons.
Look at �gure 4.2. Notice �rst that the age column for Mark is blank. It is really a NULL. Look at the
next query. Because the NULL value is unknown, the NULL row does not appear in the output. The
third query really confuses people.1 Why doesn’t the Mark row appear? The age is NULL or unknown,
meaning the database doesn’t know if it equals 99 or not, so it doesn’t guess. It refuses to print it.
In fact, there is no comparison that will produce the NULL row, except in the last query shown. The
test IS NULL and IS NOT NULL are designed speci�cally to test for the existence of NULL values. Nulls
often confuse new users. Just keep in mind that if you are making comparisons on columns that could
contain NULL values, you will have to test for them specially.

1The <> meansnot equal.

test=> INSERT INTO friends (firstname, lastname, city, state)
test-> VALUES (’Mark’, ’Middleton’, ’Denver’, ’CO’);
INSERT 18881 1

Figure 4.1: Insertion of speci�c columns
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test=> SELECT * FROM friends;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
Mike |Nichols |Tampa |FL | 20
Mark |Middleton |Denver |CO |
(4 rows)

test=> SELECT * FROM friends WHERE age > 0;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
Mike |Nichols |Tampa |FL | 20
(3 rows)

test=> SELECT * FROM friends WHERE age <> 99;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Cindy |Anderson |Fort Worth |TX | 23
Sam |Jackson |Allentown |PA | 22
Mike |Nichols |Tampa |FL | 20
(3 rows)

test=> SELECT * FROM friends WHERE age IS NULL;
firstname |lastname |city |state|age
---------------+--------------------+---------------+-----+---
Mark |Middleton |Denver |CO |
(1 row)

Figure 4.2: NULL handling
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test=> SELECT firstname AS buddy FROM friends;
buddy
---------------
Cindy
Sam
Mike
Mark
(4 rows)

Figure 4.3: Controlling column labels

test=> SELECT 1 + 3 AS total;
total
-----

4
(1 row)

Figure 4.4: Computation using a column label

4.2 NULLS and Empty Strings

There is one more unusual thing with NULLS.

4.3 Quotes Inside Text

Suppose you want to insert the name O’Donnell. You may be tempted to enter this in psql as ’O’Donnell’,
but this will not work. The presence of a single quote inside a single-quoted string generates a parse
error. One way to place a single quote inside a single-quoted string is to use two quotes together
like this, ’O�Donnell’.2 Two single quotes inside a single-quoted string cause one single quote to
be generated. Another way is to use a backslash like this, ’O\’Donnell’. The backslash escapes the
single quote character.

4.4 Column Labels

You may have noticed the text that appears at the top of each column in the SELECT output. That is
called the column label. Usually, the label is the name of the column being selected. However, you can
control what text appears at the top of each column using the AS keyword.. For example, �gure 4.3
shows the use of AS so the column label buddy appears at the top of the column. You may have noticed
that the query in �gure 2.3 on page 7 has the column label ?column?. The database server returns this
label when there is no suitable label. In that case, the result of an addition doesn’t have an appropriate
label. Figure 4.4 shows the same query with an appropriate label added.

2That is not a double qoute between the O and D. That is two single quotes.
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Category Type Description
character string char(length) blank-padded string, �xed storage length

varchar(length) non-blank-padded string, variable storage length
number integer -2 billion to 2 billion integer, 4-byte storage

�oat double-precision �oating point number, 8-byte storage
numeric(precision, decimal) arbitrary precision number

date/time date date
time time
datetime date and time

Table 4.1: Common data types

4.5 Data types

Table 4.1 shows a list of the most common column data types. Figure 4.5 shows queries using these
types. It does the creation of a table, an INSERT, then a SELECT. There are a few things of interest in
this example. First, notice how the numbers did not require quotes, while the character strings, dates,
and times require them. Also note the datetime column displays its value in the standard UNIX date
format. It also keeps track of the timezone. Finally, notice the last SELECT query. When you select too
much information to �t on one line, the display wraps around, making it hard to read. The columns
still line up, but there is other data in the way. There is no good solution to this except selecting fewer
columns or using psql’s expanded output option, \x, which displays one �eld per line.3

4.6 AN D /OR usage

Up to this point, there have been only simple WHERE clause tests. In the next few sections, we will
show how to more complex WHERE clause testing. In this section, we will show how to do multiple
tests in a WHERE clause.

Multiple WHERE clause tests are done by connecing simple tests using the words AND and OR.

4.7 LI K E Clause

4.8 Regular Expressions

4.9 CA SE Clause

4.10 SET, SH OW, and RESET

3Seesection 14.11 for a full list of psql backslashcommands.
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CREATE TABLE alltypes (
state CHAR(2),
name CHAR(30),
children INTEGER,
distance FLOAT,
budget NUMERIC(16,2),
born DATE,
checkin TIME,
started DATETIME

);
CREATE
test=> INSERT INTO alltypes
test=> VALUES (
test-> ’PA’,
test-> ’Hilda Blairwood’,
test-> 3,
test-> 10.7,
test-> 4308.20,
test-> ’9/21/74’,
test-> ’2:00p’,
test-> ’07/03/1996 10:30:00’);
INSERT 18544 1
test=> SELECT state, name, children, distance, budget FROM alltypes;
state|name |children|distance| budget
-----+------------------------------+--------+--------+-------
PA |Hilda Blairwood | 3| 10.7|4308.20
(1 row)

test=> SELECT born, checkin, started FROM alltypes;
born|checkin |started

----------+--------+----------------------------
09-21-1974|03:00:00|Wed Jul 03 10:30:00 1996 EDT
(1 row)

test=> SELECT * FROM alltypes;
state|name |children|distance| budget| born|checki
n |started
-----+------------------------------+--------+--------+-------+----------+------
-----+-------------------------------
PA |Hilda Blairwood | 3| 10.7|4308.20|09-21-1974|
03:00:00|Wed Jul 03 00:00:00 1996 EDT
(1 row)

Figure 4.5: Example of common data types
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Chapter 5

SQL Aggregates

5.1 Aggregates: COUN T, SUM , . . .

5.2 GROUP BY with Aggregates

5.3 HAV I N G With Aggregates
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Chapter 6

Joining Tables

6.1 Joining Tables

6.2 Using Table Aliases

6.3 SELECT DI STI N CT

6.4 UN I ON Clause

6.5 Subqueries

Returning a Single Row

Returning Multiple Rows

Correlated Subqueries

6.6 Inserting Data Using SELECT

6.7 UPD ATE with FROM

6.8 Object ID ’S (OI D ’S)

Unique Row Assignment

Join usage
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SQL Data Management

7.1 Cursors

D ECLA RE

FETCH

CLOSE
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7.2 LI M I T

7.3 Views

Creation

Limitations

7.4 Rules

Creation

Limitations

7.5 Triggers

7.6 Column defaults

7.7 Referential Integrity

Primary Keys

Foreign Keys

7.8 Temporary Tables

Purpose

Creation

7.9 ALTER TA BLE
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Chapter 8

Multi-User SQL

8.1 Transactions

BEGI N . . . EN D

A BORT transaction

8.2 Multi-Version Concurrency Control

Write Locks

Read Locks

Concurrency

Solutions

8.3 Locking and Deadlocks

Need for Locking

Deadlocks

8.4 SELECT FOR UPD ATE

8.5 LOCK

8.6 Sequences

Purpose

Creation

Management

8.7 NOTI FY and LI STEN
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Importing and Exporting Data

10.1 COPY

Import

Export

D ELI M I TERS

BI N A RY

Frontend COPY
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11.2 Large Objects(BLOBS)

Applications
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Management
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Chapter 14

Interfacing to the POSTGRESQL Database

14.1 C Language API (LI BPQ)

14.2 Embedded C (ECPG)

14.3 C++ (LI BPQ++)

14.4 JAVA (JD BC)

14.5 OD BC

14.6 PERL (PGSQL_PERL5)

14.7 TCL /TK (LI BPGTCL)

14.8 PYTH ON (PYGRESQL)

14.9 Web Access

PH P

CGI

14.10 Server-side Programming

PLPGSQL

PL /TCL

SPI

14.11 User Applications

PSQL

The following sections describe advanced psql features. See chapter 2 for an introduction to psql.
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Function psql Command
Print \p
Execute \g or semicolon
Quit \q
Edit \e
Edit and execute \E
Backslash help \?
SQL help \h command
Include �le \i
Output to command/�le \o �le/ |command
Print/Save query history \s �le
Write buffer to �le \w �le
Run subshell \!

Table 14.1: psql query buffer commands

14.12 Controlling Query Buffer

You can easily control the psql query buffer. Table 14.1 summarizes the commands. See the psql
manual page for a full description of each item. There is one item of particular interest, edit (\e). This
allows you to use your default editor to edit the query buffer. Type \e, and the current contents of the
query buffer are loaded into your editor. Exit the editor, and the editor contents are reloaded into your
query buffer, ready for execution.1

14.13 Additional PSQL Commands

You can generate a variety of information about the current database from psql. Table 14.2 summa-
rizes them. See the psql manual page for a full description of each item. You can generate a control
the way psql displays output. Table 14.3 summarizes them. See the psql manual page for a full
description of each item. You can access special psql capabilities. Table 14.1 summarizes them. See
the psql manual page for a full description of each item.

14.14 PSQL command-line arguments

You can change the behavior of psql in other ways. You normally start psql from the command
line as psql test. However, you can add extra arguments between psql and the database name to
modify psql behavior. For example, psql -f file test will read commands from file, rather
than from your keyboard. There is a summary of the options in table 14.5. Consult the psql manual
page for more detailed information.

1Here is how to set your default editor. At the operating system prompt, try typing:

EDITOR=vi
export EDITOR

This setsthe default editor to vi . If that doesn't work, try:

setenv EDITOR vi

Do this at the operating system command prompt, not inside psql .
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Listing Type psql Command
All tables \dt
A single table \d tablename
A single index \d indexname
Indexes \di
Tables and indexes \d
Functions \df
Operators \do
Aggregates \da
Sequences \ds
System tables \dS
Comments \dd object
Databases \l
Grant permissions \z

Table 14.2: psql listing commands

Modi�es psql Command
Field alignment \a
Field separator \f separator
Expanded output \x
No table headings or row count \t
Compatibility display \m
Enable HTML \H
HTML3 options \T html
HTML caption \C caption

Table 14.3: psql output commands

Capability psql Command
Connect to another database \connect dbname
Copy data�le into database \copy tablename to|from �lename

Table 14.4: psql special capabilities
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Option Capability psql Argument
Field justi�cation -A
Field separator -F separator
No column titles and row counts -t
Extended output format -x
Echo query -e

Controlling Output Echo \d query -E
Quiet mode -q
HTML output -H
HTML table options -T options
List databases -l
Disable readline -n
Execute query -c query
Get queries from �le -f �le

Automation Output to �le -o �le
Single-step mode -s
Single-step with newline termination -S
Hostname -h hostname

Connection Port -p port
Password -u

Table 14.5: psql command-line arguments
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Chapter 15

POSTGRESQL Administration

15.1 Creating Users and Databases

15.2 Backup and Restore

15.3 Performance

15.4 Troubleshooting

15.5 Customization

15.6 System Tables

15.7 Access Con�guration

Server Access- �ags, pg_hba.conf

Database Accesscreateuser

Table Access- GRA N T

15.8 Internationalization

National Character Encodings

Date Formats
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Appendix A

Additional Resources

A.1 Frequently Asked Questions (FA Q ’S)

A.2 Mailing List Support

A.3 Supplied Documentation

A.4 Commercial Support

A.5 Modifying the Source Code
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Appendix B

Installation

B.1 Getting POSTGRESQL

B.2 Compiling

B.3 Initialization

B.4 Starting the Server

B.5 Creating a Database
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Appendix C

Reference Manual

The following is a copy of the reference manual pages (man pages) as they appeared in a pre-release
version of POSTGRESQL 7.0.

The manual pagesgo here. They are in SGM L/Docbook format. Approximately 100pages.
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