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PHP makes it easy to write scripts that access databases, enabling you to create dynamic web pages that
incorporate database content. PHP include®rak specialized database-access interfaces that tiak

form of separate sets of functions for each database system. There is one set for MySQL, another for Inter
Base, another for PostgreSQL, and so foklowever, having a different set of functions for each database

makes PHP scripts non-portable at the lexical (source codd) lEor example, the function for issuing an

SQL statement is named/sqgl _query(),i base_query(), or pg_exec(), depending on whether

you are using MySQL, InterBase, or PostgreSQL.

In PHP 5 and up, you canad this problem by using the PHP Data Objects (PD@gresion. PDGsup-
ports database access in an engine-independent manner based orve drchltecture:

» The top led provides an interface that consists of a set of classes and methods that is the same for all
database engines supported by PDO. The interface hides engine-specific details so that script writers
need not think about which set of functions to use.

» The lower l@el consists of individual dviers. Eachdriver supports a particular database engine and
translates between the topdkinterface seen by script writers and the database-specificaicgerf
required by the engineThis provides you the flexibility of using ydatabase for which a der exists,
without having to consider dr-specific detalils.

This architectural approach has been used successfully with other languagesarfpleeto deelop the
DBI (Perl, Ruby), DB-API (Python), and JDBC Ya@adatabase access intecks. It5 dso been used with
PHP before: PHPLIB, MetaBase, and PEAR DB are older packages thatepaouniform database-inde-
pendent interface across different engines.

| havewritten elsavhere about using the PEAR DB module for writing PHP scripts that perform database
processing in an engine-independent manner {®@esdurces). This document is similar but eers PDO
instead. Thexamples use the awr for MySQL.

Preliminary Requirements
PDO uses object-oriented featurasilable only in PHP 5 and up, so you muswédHP 5 or never

installed to use PDO for writing scripts that access MySQL.

PDO uses classes and objects to present an object-orientedcimteffthisarticle assumes that you are
familiar with PHPS goproach to object-oriented programming. If you are not, you may wislviewréhe
“ Classes and Objectshapter of the PHP Manual.
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Writing PDO Scripts

Scripts that use the PDO interface to access MySQL generally perform the following operations:
1. Connecto the MySQL server by callingewPDQ() to obtain a database handle object.

2. Usethe database handle to issue SQL statements or obtain statement handle objects.

3. Usethe database and statement handles tovetriéormation returned by the statements.

4. Disconnecfrom the server when the database handle is no longer needed.

The next sections discuss these operations in more detail.
Connecting to and Disconnecting from the MySQL Server

To establish a connection to a MySQL servspecify a data source hame (DSN) containing connection
parameters, and optionally the username and password of the MySQL account To asenect to the
MySQL senrer on the local host to access tlest database with a username and passwota et user

andt est pass, the connection sequence lookslikis:

$dbh = new PDQ("nysql : host =l ocal host ; dbname=test", "testuser", "testpass");

For MySQL, the DSN is a string that indicates the databaserdriysql ), and optionally the hostname
where the server is running and the name of the database toypseal syntax for the DSN looks Ekthis:

nysql : host =host _nane; dbnane=db_nane
The default host isocal host . If dbnane is omitted, no default database is selected.

The MySQL drver aso recognizeport anduni x_socket parameters, which specify the TCP/IP port
number and Unix socket file pathname, respelgti If you useuni x_socket , do rot specifyhost or
port.

For other database engines, thevdriname is different (for xample,pgsql for PostgreSQL) and the
parameters following the colon might be different as well.

When you inoke thenew PDQ( ) constructor method to connect to your databases@&®O determines
from the DSN which type of database engine you want to use and acessesldvel Idriver appropriate
for that engine.This is similar to the way that Perl or Ruby DBI scripts reference only the velpEi8l
module; theconnect () method provided by the topvd module looks at the DSN and determines
which particular lower-beel driver to use.

If newPDQ() fails, PHP throws anxeeption. Otherwisethe constructor method returns an object of the
PDO class. Thisobject is a database handle that you use for interacting with the databasausghyou
close the connection.

An alternatve o putting the connection code directly in your script is torenibinto a separate file that you
reference from your main scripEor example, you could create a fitelo testdb_connect.php that looks
like this:

<?php
# pdo_t estdb_connect.php - function for connecting to the "test" database

function testdb_connect ()

$dbh = new PDQ( " nysql : host =l ocal host ; dbnane=test", "testuser", "testpass");
return ($dbh);

}

?>
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Then include the file into your main script and ¢adkst db_connect () to connect and obtain the data-
base handle:

require_once "pdo_testdb_connect. php";
$dbh = testdb_connect ();

This approach makes it easier to use the same connection parameteesaindiféerent scripts without
writing the values literally into very script; if you need to change a parameter |giest change
pdo_testdb_connect.php. Using a separate file also enables you teerioe code that contains the connec-
tion parameters outside of the web seydocument tree. That has the benefit ofvpnéing it from being
displayed literally if the server becomes misconfigured and starts serving PHP scripts as plain text.

Any of the PHP file-inclusion statements can be used, such rad ude or require, but
requi re_once prevents errors from occurring if gnother files that your script uses also reference
pdo_testdb_connect.php.

When you're done using the connection, close it by setting the database hadlé to

$dbh = NULL;
After that,$dbh becomes ivelid as a database handle and can no longer be used as such.
If you do not close the connection explicitBHP does so when the script terminates.

While the database handle is open and you are using it to issue other PDO calls, you should arrange to han-
dle errors if thg occur  You can check for an error after each PDO call, or you can cause exceptions to be
thrown. Thelatter approach is simpler because you need not check for errors expligityyr@amnraises an
exception that terminates your script. If you enable exceptions, you aledh@aoption of catching them

yourself instead of permitting them to terminate your scripy. doing this, you can substitute yourvro

error messages for the defaults, perform cleanup operations, and so on.

To enable exceptions, set the PDO error mode as follows after connecting:
$dbh->set Attribute (PDO : ATTR_ERRMODE, PDO : ERRVMODE_EXCEPTI ON) ;

That statement is something you could add totthet db_connect () function if you want the error
mode to be set automatically wheaeyou connect.

For more information on dealing with errors, see “Handling Erfors.
| ssuing Statements

After obtaining a database handle by calliryv PDQ( ) , use it to &ecute SQL statements:

» For statements that modifyws and produce no result set, pass the statement string to the database han-
dleexec() method, which xecutes the statement and returns an affected-rows count:

$count = $dbh->exec ("sone SQL statement");

» For statements that select rows and produce a result\sake itne database handigier y() method,
which executes the statement and returns an object dPElESt at enent class:

$sth = $dbh->query ("sone SQL statenent");

This object is a statement handle that provides access to the result set. It enables you to fetch the result
set rows and obtain metadata about them, such as the number of columns.

To illustrate hav to handle various types of statements, the foily discussion shows hoto create and
populate a table usinGREATE TABLE and| NSERT (statements that return no result set). Then it uses
SELECT to generate a result set.
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I ssuing Statements That Return No Result Set

The following code uses the database haadlec() method to issue a statement that creates a simple ta-
bleani mal with two columns,name andcat egory:

$dbh- >exec (" CREATE TABLE ani mal (nanme CHAR(40), category CHAR(40))");

After the table has been created, it can be populated. The following exangidesithe exec() method
to issue arh NSERT statement that loads a small data set int@ttieral table:

$count = $dbh->exec ("INSERT |INTO ani nal (nane, category)
VALUES
(’snake', 'reptile’),
("frog’, 'anphibian'),
("tuna’, 'fish),
(’racoon’, 'manmmal’)");

exec() returns a count to indicate Wwamary rows were affected by the statemerfor the preceding
| NSERT statement, the affected-rows count is 4.

Issuing Statements That Return a Result Set

Now that the table exists and contains & fecords,SELECT can be used to retkie rows from it. To
issue statements that return a result set, use the databasegiueidié) method:

$sth = $dbh->query ("SELECT nane, category FROM aninal");

printf ("Number of colums in result set: %\ n", $sth->columCount ());
$count = 0;

while ($row = $sth->fetch ())

{
printf ("Name: %, Category: %\n", $row 0], $rowf1]);
$count ++;

}

printf ("Nunber of rows in result set: %\ n", $count);

A successfulquer y() call returns &PDOSt at enent statement-handle object that is used for all opera-
tions on the result seSome of the informationvailable from aPDOSt at enent object includes the vo
contents and the number of columns in the result set:

* Thef et ch() method returns eachwdn succession, oFALSE when there are no more rows.
* Thecol umCount () methods returns the number of columns in the result set.

Note: A statement handle also has@vCount () method, but for statements that return a result set, it
cannot be assumed to reliably return the numberves.rdnsteadfetch the rows and count them, aswho
in the preceding example.

Other Ways To Fetch Result Set Rows

fet ch() accepts an optional fetch-mode argument indicating what typelaé vo return. This section
describes some common moddues. Assum@ each case that the foling query has just been issued to
produce a result set:

$sth = $dbh->query ("SELECT nane, category FROM animal");

« PDO : FETCH_NUM

Return each mo of the result set as an array containing elements that correspond to the columns named

in the SELECT statement and that are accessed by numeric indices beginning at O:
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while ($row = $sth->fetch (PDO : FETCH NUM )
printf ("Name: %, Category: %\n", $rowf 0], $rowf1]);

e« PDO : FETCH ASSCC
Return each w as an aay containing elements that are accessed by column name:

while ($row = $sth->fetch (PDO : FETCH ASSCC))
printf ("Name: %, Category: %\n", $row "name"], $row "category"]);

« PDO : FETCH _BOTH

Return each W as an aray containing elements that can be accessed either by numexioirmeol-
umn name:

while ($row = $sth->fetch (PDO : FETCH_BOTH))

{

printf ("Name: %, Category: %\n", $rowf 0], $rowf1]);

printf ("Nane: %, Category: %\n", $row "nane"], $row "category"]);
}

« PDO : FETCH _OBJ

Return each m as an dject. Inthis case, you access column values as object properties vhahéa
same names as columns in the result set:

while ($row = $sth->fetch (PDO : FETCH OBJ))
printf ("Nane: %, Category: %\n", $row >nane, $row >category);

If you invoke f et ch() with no agument, the default fetch mode RO, : FETCH_BOTH unless you
change the default before fetching the rows:

» Thequery() method accepts an optional fetch-mode argument following the statement string:

$sth = $dbh->query ("SELECT nane, category FROM ani mal", PDO. : FETCH OBJ);
while ($row = $sth->fetch ())
printf ("Nane: %, Category: %\n", $row >nane, $row >category);

» Statement handles i@ aset Fet chMbde() method to set the mode for subsequesttch() calls:

$st h- >set Fet chbde (PDO : FETCH OBJ);
while ($row = $sth->fetch ())
printf ("Nane: %, Category: %\n", $row >nane, $row >category);

Another way to fetch results is to bind variables to the result set column®imitiCol urm() . Then you
fetch each nev using thePDG;. : FETCH _BOUND fetch mode. PDO stores the column values in @ v
ables, and et ch() returnsTRUE instead of a nv value while rows remain in the result set:

$sth = $dbh->query ("SELECT nane, category FROM aninal");
$st h- >bi ndCol um (1, $nane);
$st h- >bi ndCol um (2, $category);
while ($sth->fetch (PDO : FETCH _BOUND))
printf ("Name: %, Category: %\n", $nane, $category);

Using Prepared Statements

exec() andquery() arePDOobject methods: & use them with a database handle ang ¢kecute a
statement immediately and return its result. It is also possible to prepare a statematutarewithout
executing it immediately The pr epar e() method takes an SQL statement as its argument and returns a
PDOst at enent statement-handle object. The statement handle ha&xaout e() method that »ee-

cutes the statement:

$sth = $dbh->prepare ($stnt);
$st h- >execute ();
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Fdlowing theexecut e() call, other statement-handle methods provide information about the statement
result:

» For a statement that modifies rowsjdke r owCount () to get the rows-affected count:

$sth = $dbh->prepare ("DELETE FROM ani mal WHERE category = 'manmmal '");
$st h- >execute ();
printf ("Nunmber of rows affected: %\ n", $sth->rowCount ());

» For a statement that produces a result setf ttech() method retriges them and thecol um-
Count () method indicates o mary columns there areTo determine ha mary rows there are,
count them as you fetch thenfAs mentioned prgously, r owCount () returns a rev count, hut
should be used only for statements that modify rows.)

$sth = $dbh->prepare ("SELECT nane, category FROM aninal");

$st h->execute ();

printf ("Nunber of columms in result set: %\ n", $sth->col umCount ());
$count = O;

while ($row = $sth->fetch ())

{
printf ("Name: %, Category: %\n", $rowf 0], $rowf1]);
$count ++;

}

printf ("Nunber of rows in result set: %\ n", $count);

If you are not sure whether avgn SQL statement modifies or returns nows, the statement handle itself
enables you to determine the proper mode of processing. See “Determining the Type of a Statement.

As just shown, prepared statements appear to offer rantad)e ver exec() andquery() because
using them introduces an extra step into statement processing. But there are indeed some benefits to them:

e Prepared statements can be parameterized with placeholders that indicate where data values should
appear You can bind specific values to these placeholders and PDO takes careudtarg or escap-
ing issues for alues that contain special charactérBlaceholders and Quotingliscusses these topics
further.

e Separating statement preparation frorecaition can be more efficient for statements to xewed
multiple times because the preparation phase need be done onlyFenaxample, if you need to
insert a bunch of rows, you can preparé BIBERT statement once and thexeeute it repeated)ybind-
ing successe row vdues to it for eachxecution.

Placeholder s and Quoting

A prepared statement can contain placeholders to indicate whereatlgga should appeaAfter you pre-
pare the statement, bind specifaues to the placeholders (either before or at statemectteon time),
and PDO substitutes the values into the statement before sending it to the database server.

PDO supports named and positional placeholders:

» A named placeholder consists of a name preceded by a colon. After you prepare the statement, use
bi ndVal ue() to provide a value for each placeholdard then gecute the statementTo insert
another rav, bind newv values to the placeholders anddke execut e() again:

$sth = $dbh->prepare ("I NSERT | NTO ani nal (nane, category)
VALUES (:nane, :cat)");

$st h- >bi ndval ue (":nane", "ant");
$st h- >bi ndval ue (":cat", "insect");
$st h- >execute ();

$st h->bi ndval ue (":nane", "snail");

$st h- >bi ndval ue (":cat", "gastropod");
$st h- >execute ();
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As an alternatie © binding the data values before calliexecut e(), you can pass thealues
directly toexecut e() using an array that associates placeholder names with the values:

$st h->execute (array (":name" => "black w dow', ":cat" => "spider"));

» Positional placeholders are characters within the statement st¥mgcan bind the values prior to call-
ingexecut e(), similar to the previous example, or pass an array of values dire@keout e() :

$sth = $dbh->prepare ("I NSERT | NTO ani mal (nane, category)
VALUES (?, ?)");

# use bindValue() to bind data val ues

$st h->bi ndval ue (1, "ant");

$st h- >bi ndval ue (2, "insect");

$st h- >execute ();

# pass values directly to execute() as an array

$st h->execute (array ("snail", "gastropod"));

Positional placeholder numbers begin with 1.

An alternatve  bi ndVal ue() is bi ndPar am(), which adds a leel of indirection to alue-binding.
Instead of passing a data value as the second argumamddar an( ) , pass a variable to associate the
variable with the placeholdeiTo supply a value for the placeholdessign a value to the variable:

$sth = $dbh->prepare ("I NSERT INTO ani nal (nane, category)
VALUES (?, ?2)");

$st h- >bi ndParam (1, $nane);

$st h- >bi ndParam (2, $category);

$nane = "ant";
$category = "insect";
$st h- >execute ();
$nanme = "snail";

$category = "gastropod”;
$st h- >execute ();

The preceding examples UsBISERT statements, but placeholder techniques are applicabley ty@m of
statement, such &4°DATE or SELECT.

One of the benefits of using placeholders is that PDO handfeguating or escaping of special characters
or NULL values. Fr example, if you bind the string'a’ b’ c" to a placeholder PDO inserts
"“a\"b\’'c'" into the statementTo hind the SQLNULL value to a placeholdebind the PHPNULL
value. Inthis case, PDO inserts theokd “NULL" i nto the statement without surrounding quot@&ere
guotes to be added, thalwe inserted into the statement would be the stringULL’ ", which is incof
rect.)

PDO also provides a database hamplet e() method to which you can pass a string and veckack a

guoted string with special characters escapdowever, | find this method deficient-or example, if you

pass itNULL, it returns an empty string, which if inserted into a statement string does not correspond to the
SQLNULL value. Usequot e() with care if you use it.

Deter mining the Type of a Statement

When you issue a statement using a database handle, you musvhkether the statement modifiesvo

or produces a result set, so that you canke whichever of exec() orquery() is appropriate.How-

eve, under certain circumstances, you might notwrbe statement type, such as when you write a script
to execute arbitrary statements that it reads from a flle.handle such cases, upeepar e() with the
database handle to get a statement handlexedut e() to execute the statement. Then check the state-
ments mlumn count:

e If col umCount () is zero, the statement did not produce a resultlastead, it modified rows and
you can iroker owCount () to determine the number of affected rows.
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» If col u/mCount () is greater than zero, the statement produced a result set and you can fetch the
rows. To determine har mary rows there are, count them as you fetch them.

The following example determines whether a statement modifies @o produces a result set, and then
processes it accordingly:

$sth = $dbh->prepare ($stnt);
$st h- >execute ();

if ($sth->columCount () == 0)
{

# there is no result set, so the statenent nodifies rows
printf ("Nunber of rows affected: %\ n", $sth->rowCount ());

}

el se

{

# there is a result set

printf ("Nunber of colums in result set: %\ n", $sth->columCount ());
$count = 0;

while ($row = $sth->fetch (PDO : FETCH NUM )

{

# display colum val ues separated by conmas
print (join (", ", $row) . "\n");
$count ++;

}

printf ("Nunmber of rows in result set: %\ n", $count);

}
Handling Errors

When you inoke new PDQ( ) to create a database handle, occurrance of an error caBBeEecep-
ti on to be threvn. If you dont catch the exception, PHP terminates your scrijat.nandle the ception
yourself, use dry block to perform the connection attempt andad ch block to catch anerror that
occurs:

try
{

$dbh = new PDO( " nysql : host =l ocal host ; dbnane=test", "testuser", "testpass");

}
catch (PDOException $e)

{

print ("Could not connect to server.\n");
print ("getMessage(): " . $e->getMessage () . "\n");
}

A PDCExcept i on is an extension of the PHBxcept i on class, so it haget Code() andget Mes-
sage() methods that return an error code and deseeptiessage, respeedy. (However, | find that

get Code() always returns O for connection errors and is meaningful only for PDO exceptions that occur
after the connection has been established.)

After you successfully obtain a database handle, PDO handles subsequent calls that use it according to the
PDO error mode. There are three modes:

* PDO : ERRMODE_SI LENT

When an error occurs in silent or warning mode forvargobject method, PDO sets up error informa-
tion that you can access when the method returns. This is the default error mode.

*  PDO : ERRMODE_WARNI NG

This is like dlent mode but PDO also displays a warning message in addition to setting up error infor
mation when an error occurs.
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* PDO : ERRMODE_EXCEPTI ON

PDO sets up error information when an error occurs and thr@R&Except i on.

PDO sets error information for the object to which the error appliga;diess of the error modeThis
information is aailable via the objecs err or Code() anderror | nfo() methods.error Code()
returns an SQLSATE value (a fie-character string)err or I nf o() returns a three-element array con-
taining the SQLSATE value, and a dver-specific error code and error messager MySQL, the dner-
specific values are a numeric error code and a desergitor message.

To handle errors in silent mode, you must check the result of each PDQ lealfollowing example shves
how to test for errors during an operation that uses a database Hgdhlglle,and a statement handigst h
(you would not necessarily print all theadable information as the example does):

if (!($sth = $dbh->prepare ("INSERT | NTO no_such_table")))
{

print ("Could not prepare statenent.\n");
print ("errorCode: " . $dbh->errorCode () . "\n");
print ("errorinfo: " . join (", ", $dbh->errorinfo ()) . "\n");

}

else if (!$sth->execute ())

{

print ("Could not execute statenent.\n");
print ("errorCode: " . $sth->errorCode () . "\n");
print ("errorinfo: " . join (", ", $sth->errorinfo ()) . "\n");

}

Testing the result ofwery call can become messy quickbinother way to deal with failures is to set the
error handling mode so thatyaerror raises an exception:

$dbh->set Attribute (PDO : ATTR_ERRMODE, PDO : ERRMODE_EXCEPTI ON) ;

In this case, you can assume that if yowoke a nethod and it returns, it succeedetbu can either leae
exceptions uncaught or catch and handle them yourself. If yoa team uncaught, exceptions cause PHP
to print a backtrace and terminate your scripb catch exceptions, perform PDO operations using a
t ry/ cat ch construct. The ry block contains the operations and t&t ch block handles anxecption

if one occurs.

try

$sth = $dbh->prepare ("I NSERT I NTO no_such_table");
$st h- >execute ();

}
catch (PDOException $e)

{

print ("The statenent failed.\n");

print ("getCode: ". $e->getCode () . "\n");

print ("getMessage: ". $e->getMessage () . "\n");
}

By usingt ry andcat ch, you can substitute youmm error messages if you like, perform cleanup opera-
tions, and so on.

As shown in the preceding example, tlrey block can contain operations on multiple handldswever,

if an exception occurs in that case, yoont be @le to use the handle-specifér r or Code() or
errorlnfo() methods in theat ch block very easily because yowwt know which handle caused
the error You'll need to use the informationalable from the exception methods, as shown.
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Using Transactions

In MySQL, some storage engines are transactional (including InnoDB, the default storage engine as of
MySQL 5.5). A transactional engine enables you to perform an operation and then commit it permanently
if it succeeded or roll it back to cancel it$eets if an error occurred. PDO provides a mechanism fer per
forming transactions that is based on the following database-handle methods:

« To dart a transaction, woke begi nTransact i on() to disable autocommit mode so that database
changes do not takdfect immediately.

e To commit a successful transaction or roll back an unsuccessful mokeioconmi t() orrol |l -
back() , respectiely.

The easiest way to use these methods is to enable PDO exceptions ang @s®l cat ch to handle
errors:

$dbh->set Attribute (PDO : ATTR_ERRMODE, PDQO : ERRMODE_EXCEPTI ON) ;

try
$dbh- >begi nTransaction (); # start the transaction
# ... perform database operation ...
$dbh->commit (); # success

}
catch (PDOCException $e)

{

print ("Transaction failed: " . $e->getMessage () . "\n");
$dbh- >rol | back (); # failure

}

For additional paranoia, you can place thel | back() call within a nested r y/ cat ch construct so
that ifr ol | back() itself fails and raises another exception, the script dogshterminated.

Resour ces

* The home sites for MySQL and MySQL documentation are:

http://ww. nysql . conl
http://dev. nysql.conl doc

e The home site for PHP is:
http://ww. php. net/

* The bookMySQL discusses at length Wwdo use PDO for PHP programming. See Chapteiv@riting
Programs using PHP A ppendix | provides a reference for PDO classes and methods. The Web site
for this book has sample code fovaml PDO applications that you can examine:

http://ww ki tebird. com nysql - book/

(The first and second editionsveo the interface provided by the nati FHP MySQL functions, the
third edition ceers the PEAR DB intedce. Editiongrom the fourth up ceer PDO.)

« Other documents similar to the one you are readingwaikalle that sha how to access MySQL using
interfaces for other programming languages:

http://ww. kitebird.confarticles/
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Revision History

* 1.00—Original version.

« 1.01, 2008-05-07—Renved my mistaken statement that the PDO i for MySQL requires the
mysql i extension. Itdoes not. The drer usesl i brrysql cl i ent directly.

» 1.02, 2013-08-11—Minor revisions and updates.



