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The behavior of the auto-increment mechanism is not defined if a user assigns a negative value to the column or if the value be-
comes bigger than the maximum integer that can be stored in the specified integer type.

When accessing the auto-increment counter, TnnoDB uses a special table-level AUTO- INC lock that it keeps to the end of the cur-
rent SQL statement, not to the end of the transaction. The special lock release strategy was introduced to improve concurrency for
inserts into atable containing an AUTO_INCREMENT column. Nevertheless, two transactions cannot have the AUTO- INC lock on
the same table simultaneously, which can have a performance impact if the AUTO- INC lock is held for along time. That might be
the case for a statement such as INSERT INTO tl1 ... SELECT ... FROM t2 thatinsertsall rowsfrom onetableinto an-
other.

InnoDB uses the in-memory auto-increment counter as long as the server runs. When the server is stopped and restarted, InnoDB
reinitializes the counter for each table for the first INSERT to the table, as described earlier.

Beginning with MySQL 5.0.3, InnoDB supportsthe AUTO INCREMENT = Ntableoptionin CREATE TABLE and ALTER
TABLE statements, to set the initial counter value or ater the current counter value. The effect of this option is canceled by a server
restart, for reasons discussed earlier in this section.

FOREIGN KEY Constraints

InnoDB aso supportsforeign key constraints. The syntax for aforeign key constraint definition in InnoDB looks like this:

[CONSTRAINT symbol] FOREIGN KEY [id] (index col_name, ...)
REFERENCES tbl name (index col name, ...)
[ON DELETE {RESTRICT CASCADE SET NUL NO ACTION}]
[ON UPDATE {RESTRICT CASCADE SET NULL NO ACTION}]

Foreign keys definitions are subject to the following conditions:

e Both tables must be InnoDB tables and they must not be TEMPORARY tables.

e Corresponding columnsin the foreign key and the referenced key must have similar internal datatypesinside InnoDB so that
they can be compared without a type conversion. The size and sign of integer types must be the same. The length of string types
need not be the same. For non-binary (character) string columns, the character set and collation must be the same.

* Inthereferencing table, there must be an index where the foreign key columns are listed as the first columns in the same order.
Such an index is created on the referencing table automatically if it does not exist.

* |nthereferenced table, there must be an index where the referenced columns are listed as the first columns in the same order.

* Index prefixes on foreign key columns are not supported. One consequence of thisisthat BLOB and TEXT columns cannot be
included in aforeign key, because indexes on those columns must always include a prefix length.

e If the CONSTRAINT symbol clauseisgiven, the symbol value must be unique in the database. If the clause is not given,
InnoDB creates the name automatically.

InnoDB rejectsany INSERT or UPDATE operation that attempts to create aforeign key valuein achild tableif thereisno a
matching candidate key value in the parent table. The action InnoDB takes for any UPDATE or DELETE operation that attempts to
update or delete a candidate key value in the parent table that has some matching rows in the child table is dependent on the refer-
ential action specified using ON UPDATE and ON DELETE subclauses of the FOREIGN KEY clause. When the user attempts to
delete or update arow from a parent table, and there are one or more matching rows in the child table, InnoDB supports five op-
tions regarding the action to be taken:

e CASCADE: Delete or update the row from the parent table and automatically delete or update the matching rowsin the child ta-
ble. Both ON DELETE CASCADE and ON UPDATE CASCADE are supported. Between two tables, you should not define
several ON UPDATE CASCADE clauses that act on the same column in the parent table or in the child table.

e SET NULL: Delete or update the row from the parent table and set the foreign key column or columnsin the child table to
NULL. Thisisvalid only if the foreign key columns do not havethe NOT NULL qualifier specified. BothON DELETE SET
NULL and ON UPDATE SET NULL clauses are supported.

If you specify aSET NULL action, make sure that you have not declared the columns in the child table as NOT NULL.

e NO ACTION: Instandard SQL, NO ACTION means no action in the sense that an attempt to delete or update a primary key
valueis not allowed to proceed if thereis arelated foreign key value in the referenced table. InnoDB rejects the delete or up-
date operation for the parent table.

e RESTRICT: Rejects the delete or update operation for the parent table. NO ACTION and RESTRICT are the same as omitting
theON DELETE or ON UPDATE clause. (Some database systems have deferred checks, and NO ACTION isadeferred check.
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In MySQL, foreign key constraints are checked immediately, so NO ACTION and RESTRICT arethe same.)

e SET DEFAULT: Thisaction isrecognized by the parser, but InnoDB rejects table definitions containing ON DELETE SET
DEFAULT Of ON UPDATE SET DEFAULT clauses.

Note that InnoDB supports foreign key references within atable. In these cases, “child table records’ really refersto dependent re-
cords within the same table.

InnoDB requires indexes on foreign keys and referenced keys so that foreign key checks can be fast and not require a table scan.
Theindex on the foreign key is created automatically. Thisisin contrast to some older versions, in which indexes had to be created
explicitly or the creation of foreign key constraints would fail.

If MySQL reports an error number 1005 from a CREATE TABLE statement, and the error message refersto errno 150, table cre-
ation failed because aforeign key constraint was not correctly formed. Similarly, if an ALTER TABLE failsand it refersto errno
150, that means aforeign key definition would be incorrectly formed for the altered table. You can use SHOW ENGINE INNODB
STATUS to display adetailed explanation of the most recent InnoDB foreign key error in the server.

Note: ITnnoDB does not check foreign key constraints on those foreign key or referenced key values that contain a NULL column.
Note: Currently, triggers are not activated by cascaded foreign key actions.

Deviation from SQL standards: If there are several rowsin the parent table that have the same referenced key value, InnoDB
actsin foreign key checks asif the other parent rows with the same key value do not exist. For example, if you have defined aRE -
STRICT type constraint, and thereis achild row with several parent rows, InnoDB does not allow the deletion of any of those
parent rows.

InnoDB performs cascading operations through a depth-first algorithm, based on records in the indexes corresponding to the for-
eign key constraints.

Deviation from SQL standards: A FOREIGN KEY constraint that references a non-UNIQUE key is not standard SQL. It isan
InnoDB extension to standard SQL.

Deviation from SQL standards: If ON UPDATE CASCADE or ON UPDATE SET NULL recurses to update the same table it
has previously updated during the cascade, it acts like RESTRICT. This means that you cannot use self-referential ON° UPDATE
CASCADE or ON UPDATE SET NULL operations. Thisisto prevent infinite loops resulting from cascaded updates. A self-
referentidl ON DELETE SET NULL, on the other hand, is possible, asis a self-referential ON DELETE CASCADE. Cascading
operations may not be nested more than 15 levels deep.

Deviation from SQL standards: Like MySQL in general, in an SQL statement that inserts, deletes, or updates many rows, In-
noDB checks UNIQUE and FOREIGN KEY constraints row-by-row. According to the SQL standard, the default behavior should
be deferred checking. That is, constraints are only checked after the entire SQL statement has been processed. Until InnoDB im-
plements deferred constraint checking, some things will be impossible, such as deleting arecord that refersto itself viaaforeign

key.
Hereisasimple example that relates parent and child tablesthrough a single-column foreign key:

CREATE TABLE parent (id INT NOT NULL,
PRIMARY KEY (id)
) ENGINE=INNODB;
CREATE TABLE child (id INT, parent_id INT,
INDEX par_ind (parent_id),
FOREIGN KEY (parent_id) REFERENCES parent (id)
ON DELETE CASCADE
) ENGINE=INNODB;

A more complex example in which aproduct order table hasforeign keys for two other tables. One foreign key references a
two-column index in the product table. The other references a single-column index in the customer table:

CREATE TABLE product (category INT NOT NULL, id INT NOT NULL,
price DECIMAL,
PRIMARY KEY (category, id)) ENGINE=INNODB;
CREATE TABLE customer (id INT NOT NULL,
PRIMARY KEY (id)) ENGINE=INNODB;
CREATE TABLE product_ order (no INT NOT NULL AUTO INCREMENT,
product_category INT NOT NULL,
product id INT NOT NULL,
customer_id INT NOT NULL,
PRIMARY KEY (no) ,
INDEX (product_category, product_id),
FOREIGN KEY (product_category, product_id)
REFERENCES product (category, id)
ON UPDATE CASCADE ON DELETE RESTRICT,
INDEX (customer id),
FOREIGN KEY (customer_id)
REFERENCES customer (id)) ENGINE=INNODB;
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InnoDB alowsyou to add a new foreign key constraint to atable by using ALTER TABLE:

ALTER TABLE tbl name
ADD [CONSTRAINT symbol] FOREIGN KEY [id] (index col_ name, ...)
REFERENCES tbl name (index col name, ...)
[ON DELETE {RESTRICT CASCADE SET NUL: NO ACTION;]
[ON UPDATE {RESTRICT CASCADE SET NULL NO ACTION}]

Remember to createtherequired indexesfirst. You can also add a self-referential foreign key constraint to atable using ALTER
TABLE.

InnoDB also supportsthe use of ALTER TABLE to drop foreign keys:

ALTER TABLE tbl name DROP FOREIGN KEY fk symbol;

If the FOREIGN KEY clauseincluded a CONSTRAINT name when you created the foreign key, you can refer to that name to drop
the foreign key. Otherwise, the £k _symbol vaueisinternaly generated by InnoDB when the foreign key is created. To find out
the symbol value when you want to drop aforeign key, usethe SHOW CREATE TABLE statement. For example:

mysgl> SHOW CREATE TABLE ibtestllc\G
khkkkkkkhhhkkhhhkhhhkdhhkhddkkddx ] pow Frrxdkrkrkkkhkhkkhhkhkdhkdrkrkrrhdrx

Table: ibtestllc
Create Table: CREATE TABLE ~ibtestllc™ (
AT int(11) NOT NULL auto_increment,
DT int(11) NOT NULL default '0',
"B° varchar (200) NOT NULL default '',
“C~ varchar(175) default NULL,
PRIMARY KEY (°A%,°D", BY),
KEY B> ("B, CY),
KEY “C~ (°CY),
CONSTRAINT ~0_38775° FOREIGN KEY (A~, "D7)
REFERENCES “ibtestlla™ (TA~, DY)
ON DELETE CASCADE ON UPDATE CASCADE,
CONSTRAINT \0_38776\ FOREIGN KEY ("B~, °CY)
REFERENCES “ibtestlla™ ("B~, “C7)
ON DELETE CASCADE ON UPDATE CASCADE
) ENGINE=INNODB CHARSET=latinl
1 row in set (0.01 sec)

mysgl> ALTER TABLE ibtestllc DROP FOREIGN KEY ~0 387757 ;

Y ou cannot add aforeign key and drop aforeign key in separate clauses of asingle ALTER TABLE statement. Separate statements
arerequired.

The InnoDB parser alows table and column identifiersina FOREIGN KEY ... REFERENCES ... clauseto be quoted with-
in backticks. (Alternatively, double quotes can be used if the ANST QUOTES SQL mode is enabled.) The InnoDB parser also
takes into account the setting of the Lower case table names System variable.

InnoDB returns atable's foreign key definitions as part of the output of the SHOW CREATE TABLE statement:

SHOW CREATE TABLE tbl name;

mysqgldump also produces correct definitions of tables to the dump file, and does not forget about the foreign keys.

Y ou can also display the foreign key constraints for atable like this:

SHOW TABLE STATUS FROM db name LIKE 'tbl name';

The foreign key constraints are listed in the Comment column of the outpuit.

When performing foreign key checks, ITnnoDB sets shared row-level locks on child or parent records it hasto look at. InnoDB
checks foreign key constraints immediately; the check is not deferred to transaction commit.

To makeit easier to reload dump files for tables that have foreign key relationships, mysgldump automatically includes a state-
ment in the dump output to set FOREIGN KEY CHECKS to 0. This avoids problems with tables having to be reloaded in a particu-
lar order when the dump is reloaded. It is also possible to set this variable manually:

mysgl> SET FOREIGN KEY CHECKS = 0;
mysql> SOURCE dump file name;
mysgl> SET FOREIGN KEY CHECKS = 1;

This alows you to import the tablesin any order if the dump file contains tables that are not correctly ordered for foreign keys. It

also speeds up the import operation. Setting FOREIGN KEY CHECKS to 0 can also be useful for ignoring foreign key constraints
during LOAD DATA and ALTER TABLE operations. However, even if FOREIGN KEY CHECKS=0, InnoDB does not alow the
creation of aforeign key constraint where a column references a non-matching column type. Also, if an InnoDB table has foreign
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key constraints, ALTER TABLE cannot be used to change the table to use another storage engine. To alter the storage engine, you
must drop any foreign key constraints first.

InnoDB does not alow you to drop atable that is referenced by a FOREIGN KEY constraint, unlessyou do SET FOR-
EIGN KEY CHECKS=0.Whenyou drop atable, the constraints that were defined in its create statement are also dropped.

If you re-create atable that was dropped, it must have a definition that conforms to the foreign key constraints referencing it. It
must have the right column names and types, and it must have indexes on the referenced keys, as stated earlier. If these are not sat-
isfied, MySQL returns error number 1005 and refers to errno 150 in the error message.

InnoDB and MySQL Replication

MySQL replication works for InnoDB tables asit does for My ISAM tables. It is also possible to use replication in away where the
storage engine on the slave is not the same as the original storage engine on the master. For example, you can replicate modifica-
tionsto an InnoDB table on the master to aMy I SAM table on the slave.

To set up anew slave for amaster, you have to make a copy of the InnoDB tablespace and the log files, aswell asthe . frm files
of the InnoDB tables, and move the copiesto the slave. If the innodb_file per table variableisenabled, you must aso
copy the . ibd filesas well. For the proper procedure to do this, see Section 14.2.8, “Backing Up and Recovering an InnoDB
Database”.

If you can shut down the master or an existing slave, you can take a cold backup of the InnoDB tablespace and log files and use
that to set up aslave. To make a new slave without taking down any server you can also use the non-free (commercial) InnoDB
Hot Backup tool.

Y ou cannot set up replication for InnoDB using the LOAD TABLE FROM MASTER statement, which works only for My ISAM
tables. There are two possible workarounds:

* Dump the table on the master and import the dump file into the lave.

e UseALTER TABLE tbl name ENGINE=MyISAM onthe master before setting up replication with LOAD TABLE
tbl name FROM MASTER, and then use ALTER TABLE to convert the master table back to InnoDB afterward. However,
this should not be done for tables that have foreign key definitions because the definitions will be lost.

Transactions that fail on the master do not affect replication at all. MySQL replication is based on the binary log where MySQL
writes SQL statements that modify data. A transaction that fails (for example, because of aforeign key violation, or because it is
rolled back) is not written to the binary log, so it is not sent to slaves. See Section 13.4.1, “START TRANSACTION, COMMIT, and
ROLLBACK Syntax”.

14.2.7. Adding and Removing InnoDB Data and Log Files

This section describes what you can do when your ITnnoDB tablespace runs out of room or when you want to change the size of the
log files.

The easiest way to increase the size of the InnoDB tablespace is to configure it from the beginning to be auto-extending. Specify
the aut oextend attribute for the last data file in the tablespace definition. Then InnoDB increases the size of that file automatic-
aly in 8MB increments when it runs out of space. The increment size can be changed by setting the value of the in-

nodb autoextend increment system variable, whichis measured in MB.

Alternatively, you can increase the size of your tablespace by adding another datafile. To do this, you have to shut down the
MySQL server, change the tablespace configuration to add a new datafileto theend of innodb _data file path, and start
the server again.

If your last data file was defined with the keyword aut oextend, the procedure for reconfiguring the tablespace must take into ac-
count the size to which the last data file has grown. Obtain the size of the data file, round it down to the closest multiple of 1024 x
1024 bytes (= IMB), and specify the rounded size explicitly in innodb_data file path. Thenyou can add another datafile.
Remember that only the last datafileinthe innodb data file path can be specified as auto-extending.

As an example, assume that the tablespace has just one auto-extending datafile ibdatal:
innodb_data home dir =

innodb_data_file path = /ibdata/ibdatal:10M:autoextend

Suppose that this data file, over time, has grown to 988MB. Here is the configuration line after modifying the original datafileto
not be auto-extending and adding another auto-extending data file:

innodb_data home dir =
innodb_data file path = /ibdata/ibdatal:988M;/disk2/ibdata2:50M:autoextend
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