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Abstract

This is the MySQL Reference Manual. It documents MySQL 8.2 (8.2.0), as well as NDB Cluster 8.2 (8.2.0-ndb-8.2.0),
respectively. It may include documentation of features of MySQL versions that have not yet been released. For
information about which versions have been released, see the MySQL 8.2 Release Notes.

MySQL 8.2 features.  This manual describes features that are not included in every edition of MySQL 8.2; such
features may not be included in the edition of MySQL 8.2 licensed to you. If you have any questions about the
features included in your edition of MySQL 8.2, refer to your MySQL 8.2 license agreement or contact your Oracle
sales representative.

For notes detailing the changes in each release, see the MySQL 8.2 Release Notes.
For legal information, including licensing information, see the Preface and Legal Notices.

For help with using MySQL, please visit the MySQL Forums, where you can discuss your issues with other MySQL
users.
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The MySQL software delivers a very fast, multithreaded, multi-user, and robust SQL (Structured Query
Language) database server. MySQL Server is intended for mission-critical, heavy-load production systems
as well as for embedding into mass-deployed software. Oracle is a registered trademark of Oracle
Corporation and/or its affiliates. MySQL is a trademark of Oracle Corporation and/or its affiliates, and shall
not be used by Customer without Oracle's express written authorization. Other names may be trademarks
of their respective owners.

The MySQL software is Dual Licensed. Users can choose to use the MySQL software as an Open Source
product under the terms of the GNU General Public License (http://www.fsf.org/licenses/) or can purchase
a standard commercial license from Oracle. See http://www.mysgl.com/company/legal/licensing/ for more
information on our licensing policies.

The following list describes some sections of particular interest in this manual:

» For a discussion of MySQL Database Server capabilities, see Section 1.2.2, “The Main Features of
MySQL".

» For an overview of new MySQL features, see Section 1.3, “What Is New in MySQL 8.2". For information
about the changes in each version, see the Release Notes.

* For installation instructions, see Chapter 2, Installing and Upgrading MySQL. For information about
upgrading MySQL, see Section 2.10, “Upgrading MySQL".

 For atutorial introduction to the MySQL Database Server, see Chapter 3, Tutorial.

» For information about configuring and administering MySQL Server, see Chapter 5, MySQL Server
Administration.

» For information about security in MySQL, see Chapter 6, Security.
» For information about setting up replication servers, see Chapter 17, Replication.

 For information about MySQL Enterprise, the commercial MySQL release with advanced features and
management tools, see Chapter 30, MySQL Enterprise Edition.
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About This Manual

» For answers to a number of questions that are often asked concerning the MySQL Database Server and
its capabilities, see Appendix A, MySQL 8.2 Frequently Asked Questions.

» For a history of new features and bug fixes, see the Release Notes.

Important

A To report problems or bugs, please use the instructions at Section 1.7,
“How to Report Bugs or Problems”. If you find a security bug in MySQL
Server, please let us know immediately by sending an email message to
<secal ert _us@r acl e. conr. Exception: Support customers should report all
problems, including security bugs, to Oracle Support.

1.1 About This Manual

This is the Reference Manual for the MySQL Database System, version 8.2, through release 8.2.0.
Differences between minor versions of MySQL 8.2 are noted in the present text with reference to release
numbers (8.2.x). For license information, see the Legal Notices.

This manual is not intended for use with older versions of the MySQL software due to the many functional
and other differences between MySQL 8.2 and previous versions. If you are using an earlier release of
the MySQL software, please refer to the appropriate manual. For example, MySQL 8.1 Reference Manual
covers the 8.1 series of MySQL software releases.

Because this manual serves as a reference, it does not provide general instruction on SQL or relational
database concepts. It also does not teach you how to use your operating system or command-line
interpreter.

The MySQL Database Software is under constant development, and the Reference Manual is updated
frequently as well. The most recent version of the manual is available online in searchable form at https://
dev.mysqgl.com/doc/. Other formats also are available there, including downloadable HTML and PDF
versions.

The source code for MySQL itself contains internal documentation written using Doxygen. The generated
Doxygen content is available from https://dev.mysqgl.com/doc/index-other.html. It is also possible to
generate this content locally from a MySQL source distribution using the instructions at Section 2.8.10,
“Generating MySQL Doxygen Documentation Content”.

If you have questions about using MySQL, join the MySQL Community Slack. If you have suggestions
concerning additions or corrections to the manual itself, please send them to the http://www.mysql.com/
company/contact/.

Typographical and Syntax Conventions

This manual uses certain typographical conventions:

o Text in this styleisused for SQL statements; database, table, and column names; program
listings and source code; and environment variables. Example: “To reload the grant tables, use the
FLUSH PRI VI LEGES statement.”

« Text in this styl e indicates input that you type in examples.

e Text in this styl eindicates the names of executable programs and scripts, examples being
nysql (the MySQL command-line client program) and nysql d (the MySQL server executable).
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Typographical and Syntax Conventions

e Text in this styl eisused for variable input for which you should substitute a value of your own
choosing.

» Textin this style is used for emphasis.
» Text in this style is used in table headings and to convey especially strong emphasis.

e Text in this styl eisused to indicate a program option that affects how the program is executed,
or that supplies information that is needed for the program to function in a certain way. Example: “The - -
host option (short form - h) tells the mysql client program the hostname or IP address of the MySQL
server that it should connect to”.

» File names and directory names are written like this: “The global my. cnf file is located in the / et ¢
directory.”

» Character sequences are written like this: “To specify a wildcard, use the ‘% character.”

When commands or statements are prefixed by a prompt, we use these:

$> type a command here

#> type a comand as root here

C.\> type a conmand here (W ndows only)
nysqgl > type a nysql statenent here

Commands are issued in your command interpreter. On Unix, this is typically a program such as sh, csh,
or bash. On Windows, the equivalent program is cormand. comor cnd. exe, typically run in a console
window. Statements prefixed by nysql are issued in the nysql command-line client.

Note
@ When you enter a command or statement shown in an example, do not type the
prompt shown in the example.

In some areas different systems may be distinguished from each other to show that commands should be
executed in two different environments. For example, while working with replication the commands might
be prefixed with sour ce and r epl i ca:

source> type a nysqgl statement on the replication source here
replica> type a nysql statenent on the replica here

Database, table, and column names must often be substituted into statements. To indicate that such
substitution is necessary, this manual uses db_nane, t bl _nane, and col _nane. For example, you might
see a statement like this:

nmysql > SELECT col _nanme FROM db_nane. t bl _nane;

This means that if you were to enter a similar statement, you would supply your own database, table, and
column names, perhaps like this:

nmysql > SELECT aut hor _nane FROM bi bl i o_db. aut hor _| i st;
SQL keywords are not case-sensitive and may be written in any lettercase. This manual uses uppercase.

In syntax descriptions, square brackets (“[ " and “] ") indicate optional words or clauses. For example, in the
following statement, | F EXI STSis optional:

DROP TABLE [IF EXI STS] tbl nane




Manual Authorship

When a syntax element consists of a number of alternatives, the alternatives are separated by vertical bars
(“| M- When one member from a set of choices may be chosen, the alternatives are listed within square
brackets (“[ " and “] "):

TRIM[[BOTH | LEADING | TRAILING [renstr] FROM str)

When one member from a set of choices must be chosen, the alternatives are listed within braces (“{ ” and
H} 11):

{DESCRI BE | DESC} thl_nane [col nane | wild]

An ellipsis (. . . ) indicates the omission of a section of a statement, typically to provide a shorter version of
more complex syntax. For example, SELECT ... | NTO QOUTFI LE is shorthand for the form of SELECT
statement that has an | NTO OUTFI LE clause following other parts of the statement.

An ellipsis can also indicate that the preceding syntax element of a statement may be repeated. In
the following example, multiple r eset _opt i on values may be given, with each of those after the first
preceded by commas:

RESET reset _option [,reset_option] ...

Commands for setting shell variables are shown using Bourne shell syntax. For example, the sequence to
set the CC environment variable and run the conf i gur e command looks like this in Bourne shell syntax:

$> CC=gcc ./configure

If you are using csh or t csh, you must issue commands somewhat differently:

$> setenv CC gcc
$> ./configure

Manual Authorship

The Reference Manual source files are written in DocBook XML format. The HTML version and other
formats are produced automatically, primarily using the DocBook XSL stylesheets. For information about
DocBook, see http://docbook.org/

This manual was originally written by David Axmark and Michael “Monty” Widenius. It is maintained by the

MySQL Documentation Team, consisting of Chris Cole, Aijaz Fatima, Edward Gilmore, Stefan Hinz, David
Hollis, Elizabeth Mckee, Philip Olson, Daniel So, and Jon Stephens.

1.2 Overview of the MySQL Database Management System
1.2.1 What is MySQL?

MySQL, the most popular Open Source SQL database management system, is developed, distributed, and
supported by Oracle Corporation.

The MySQL website (http://www.mysqgl.com/) provides the latest information about MySQL software.
* MySQL is a database management system.

A database is a structured collection of data. It may be anything from a simple shopping list to a picture
gallery or the vast amounts of information in a corporate network. To add, access, and process data
stored in a computer database, you need a database management system such as MySQL Server.
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What is MySQL?

Since computers are very good at handling large amounts of data, database management systems play
a central role in computing, as standalone utilities, or as parts of other applications.

* MySQL databases are relational.

A relational database stores data in separate tables rather than putting all the data in one big storeroom.
The database structures are organized into physical files optimized for speed. The logical model,

with objects such as databases, tables, views, rows, and columns, offers a flexible programming
environment. You set up rules governing the relationships between different data fields, such as one-to-
one, one-to-many, unique, required or optional, and “pointers” between different tables. The database
enforces these rules, so that with a well-designed database, your application never sees inconsistent,
duplicate, orphan, out-of-date, or missing data.

The SQL part of “MySQL” stands for “Structured Query Language”. SQL is the most common
standardized language used to access databases. Depending on your programming environment, you
might enter SQL directly (for example, to generate reports), embed SQL statements into code written in
another language, or use a language-specific API that hides the SQL syntax.

SQL is defined by the ANSI/ISO SQL Standard. The SQL standard has been evolving since 1986 and
several versions exist. In this manual, “SQL-92" refers to the standard released in 1992, “SQL:1999”
refers to the standard released in 1999, and “SQL:2003" refers to the current version of the standard. We
use the phrase “the SQL standard” to mean the current version of the SQL Standard at any time.

» MySQL software is Open Source.

Open Source means that it is possible for anyone to use and modify the software. Anybody can
download the MySQL software from the Internet and use it without paying anything. If you wish, you
may study the source code and change it to suit your needs. The MySQL software uses the GPL (GNU
General Public License), http://www.fsf.org/licenses/, to define what you may and may not do with the
software in different situations. If you feel uncomfortable with the GPL or need to embed MySQL code
into a commercial application, you can buy a commercially licensed version from us. See the MySQL
Licensing Overview for more information (http://www.mysqgl.com/company/legal/licensing/).

» The MySQL Database Server is very fast, reliable, scalable, and easy to use.

If that is what you are looking for, you should give it a try. MySQL Server can run comfortably on a
desktop or laptop, alongside your other applications, web servers, and so on, requiring little or no
attention. If you dedicate an entire machine to MySQL, you can adjust the settings to take advantage
of all the memory, CPU power, and I/O capacity available. MySQL can also scale up to clusters of
machines, networked together.

MySQL Server was originally developed to handle large databases much faster than existing solutions
and has been successfully used in highly demanding production environments for several years.
Although under constant development, MySQL Server today offers a rich and useful set of functions.
Its connectivity, speed, and security make MySQL Server highly suited for accessing databases on the
Internet.

» MySQL Server works in client/server or embedded systems.

The MySQL Database Software is a client/server system that consists of a multithreaded SQL server
that supports different back ends, several different client programs and libraries, administrative tools, and
a wide range of application programming interfaces (APIs).

We also provide MySQL Server as an embedded multithreaded library that you can link into your
application to get a smaller, faster, easier-to-manage standalone product.

» Alarge amount of contributed MySQL software is available.
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MySQL Server has a practical set of features developed in close cooperation with our users. It is very
likely that your favorite application or language supports the MySQL Database Server.

MySQL HeatWave.

MySQL HeatWave is a fully managed database service, powered by the HeatWave in-memory query
accelerator. It is the only cloud service that combines transactions, real-time analytics across data
warehouses and data lakes, and machine learning in one MySQL Database; without the complexity,
latency, risks, and cost of ETL duplication. It is available on OCI, AWS, and Azure. Learn more at:
https://www.oracle.com/mysq|l/.

The official way to pronounce “MySQL" is “My Ess Que EIlI” (not “my sequel”), but we do not mind if you
pronounce it as “my sequel” or in some other localized way.

1.2.2 The Main Features of MySQL

This section describes some of the important characteristics of the MySQL Database Software. In most
respects, the roadmap applies to all versions of MySQL. For information about features as they are
introduced into MySQL on a series-specific basis, see the “In a Nutshell” section of the appropriate Manual:

MySQL 8.0: What Is New in MySQL 8.0
MySQL 5.7: What Is New in MySQL 5.7

Internals and Portability

Written in C and C++.
Tested with a broad range of different compilers.

Works on many different platforms. See https://www.mysqgl.com/support/supportedplatforms/
database.html.

For portability, configured using C\Vake.

Tested with Purify (a commercial memory leakage detector) as well as with Valgrind, a GPL tool (https://
valgrind.org/).

Uses multi-layered server design with independent modules.

Designed to be fully multithreaded using kernel threads, to easily use multiple CPUs if they are available.
Provides transactional and nontransactional storage engines.

Uses very fast B-tree disk tables (Myl SAM) with index compression.

Designed to make it relatively easy to add other storage engines. This is useful if you want to provide an
SQL interface for an in-house database.

Uses a very fast thread-based memory allocation system.
Executes very fast joins using an optimized nested-loop join.
Implements in-memory hash tables, which are used as temporary tables.

Implements SQL functions using a highly optimized class library that should be as fast as possible.
Usually there is no memory allocation at all after query initialization.

Provides the server as a separate program for use in a client/server networked environment.
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Data Types

» Many data types: signed/unsigned integers 1, 2, 3, 4, and 8 bytes long, FLOAT, DOUBLE, CHAR,

VARCHAR, Bl NARY, VARBI NARY, TEXT, BLOB, DATE, TI ME, DATETI ME, TI MESTAMP, YEAR, SET, ENUM
and OpenGIS spatial types. See Chapter 11, Data Types.

» Fixed-length and variable-length string types.

Statements and Functions

Security

 Full operator and function support in the SELECT list and WHERE clause of queries. For example:

nmysql > SELECT CONCAT(first_nane, ' ', |ast_nane)
-> FROM citi zen
-> WHERE i ncone/ dependents > 10000 AND age > 30;

 Full support for SQL GROUP BY and ORDER BY clauses. Support for group functions (COUNT( ) , AVE ) ,

STD(), SUM ), MAX() , M N() , and GROUP_CONCAT() ).

e Support for LEFT OUTER JO Nand Rl GHT OUTER JO Nwith both standard SQL and ODBC syntax.
» Support for aliases on tables and columns as required by standard SQL.

» Support for DELETE, | NSERT, REPLACE, and UPDATE to return the number of rows that were changed

(affected), or to return the number of rows matched instead by setting a flag when connecting to the
server.

» Support for MySQL-specific SHOWstatements that retrieve information about databases, storage

engines, tables, and indexes. Support for the | NFORVATI ON_SCHENA database, implemented according
to standard SQL.

« An EXPLAI N statement to show how the optimizer resolves a query.

* Independence of function names from table or column names. For example, ABS is a valid column name.

The only restriction is that for a function call, no spaces are permitted between the function name and
the “( " that follows it. See Section 9.3, “Keywords and Reserved Words”.

* You can refer to tables from different databases in the same statement.

» A privilege and password system that is very flexible and secure, and that enables host-based

verification.

» Password security by encryption of all password traffic when you connect to a server.

Scalability and Limits

» Support for large databases. We use MySQL Server with databases that contain 50 million records. We
also know of users who use MySQL Server with 200,000 tables and about 5,000,000,000 rows.

» Support for up to 64 indexes per table. Each index may consist of 1 to 16 columns or parts of columns.
The maximum index width for | nnoDB tables is either 767 bytes or 3072 bytes. See Section 15.22,
“InnoDB Limits”. The maximum index width for Myl SAMtables is 1000 bytes. See Section 16.2, “The
MyISAM Storage Engine”. An index may use a prefix of a column for CHAR, VARCHAR, BLOB, or TEXT
column types.

Connectivity

» Clients can connect to MySQL Server using several protocols:
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¢ Clients can connect using TCP/IP sockets on any platform.

« On Windows systems, clients can connect using named pipes if the server is started with the
naned_pi pe system variable enabled. Windows servers also support shared-memory connections
if started with the shar ed_nenor y system variable enabled. Clients can connect through shared
memory by using the - - pr ot ocol =nenory option.

* On Unix systems, clients can connect using Unix domain socket files.

» MySQL client programs can be written in many languages. A client library written in C is available for
clients written in C or C++, or for any language that provides C bindings.

» APIs for C, C++, Eiffel, Java, Perl, PHP, Python, Ruby, and Tcl are available, enabling MySQL clients to
be written in many languages. See Chapter 29, Connectors and APIs.

» The Connector/ODBC (MyODBC) interface provides MySQL support for client programs that use ODBC
(Open Database Connectivity) connections. For example, you can use MS Access to connect to your
MySQL server. Clients can be run on Windows or Unix. Connector/ODBC source is available. All ODBC
2.5 functions are supported, as are many others. See MySQL Connector/ODBC Developer Guide.

» The Connector/J interface provides MySQL support for Java client programs that use JDBC connections.
Clients can be run on Windows or Unix. Connector/J source is available. See MySQL Connector/J 8.1
Developer Guide.

» MySQL Connector/NET enables developers to easily create .NET applications that require secure,
high-performance data connectivity with MySQL. It implements the required ADO.NET interfaces and
integrates into ADO.NET aware tools. Developers can build applications using their choice of .NET
languages. MySQL Connector/NET is a fully managed ADO.NET driver written in 100% pure C#. See
MySQL Connector/NET Developer Guide.

Localization

» The server can provide error messages to clients in many languages. See Section 10.12, “Setting the
Error Message Language”.

* Full support for several different character sets, including | at i n1 (cp1252), ger man, bi g5, uj i s,
several Unicode character sets, and more. For example, the Scandinavian characters “a”, “4” and “0” are
permitted in table and column names.

» All data is saved in the chosen character set.

» Sorting and comparisons are done according to the default character set and collation. It is possible
to change this when the MySQL server is started (see Section 10.3.2, “Server Character Set and
Collation”). To see an example of very advanced sorting, look at the Czech sorting code. MySQL Server
supports many different character sets that can be specified at compile time and runtime.

» The server time zone can be changed dynamically, and individual clients can specify their own time
zone. See Section 5.1.15, “MySQL Server Time Zone Support”.

Clients and Tools

* MySQL includes several client and utility programs. These include both command-line programs such as
nysql dunp and nysql adm n, and graphical programs such as MySQL Workbench.

» MySQL Server has built-in support for SQL statements to check, optimize, and repair tables. These
statements are available from the command line through the nysql check client. MySQL also includes
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nyi santhk, a very fast command-line utility for performing these operations on My| SAMtables. See
Chapter 4, MySQL Programs.

» MySQL programs can be invoked with the - - hel p or - ? option to obtain online assistance.

1.2.3 History of MySQL

We started out with the intention of using the nSQL database system to connect to our tables using our
own fast low-level (ISAM) routines. However, after some testing, we came to the conclusion that nSQL was
not fast enough or flexible enough for our needs. This resulted in a new SQL interface to our database but
with almost the same API interface as nSQL. This APl was designed to enable third-party code that was
written for use with nSQL to be ported easily for use with MySQL.

MySQL is named after co-founder Monty Widenius's daughter, My.

The name of the MySQL Dolphin (our logo) is “Sakila,” which was chosen from a huge list of names
suggested by users in our “Name the Dolphin” contest. The winning name was submitted by Ambrose
Twebaze, an Open Source software developer from Eswatini (formerly Swaziland), Africa. According to
Ambrose, the feminine name Sakila has its roots in SiSwati, the local language of Eswatini. Sakila is also
the name of a town in Arusha, Tanzania, near Ambrose's country of origin, Uganda.

1.3 What Is New in MySQL 8.2

This section summarizes what has been added to, deprecated in, and removed from MySQL 8.2. A
companion section lists MySQL server options and variables that have been added, deprecated, or
removed in MySQL 8.2; see Section 1.6, “Server and Status Variables and Options Added, Deprecated, or
Removed in MySQL 8.2".

Note
@ If you are upgrading directly from MySQL 8.0 to MySQL 8.2, you should also
consult Section 1.4, “What Is New in MySQL 8.1", which lists changes in MySQL
8.1 relative to MySQL 8.0.
» Features Added in MySQL 8.2
» Features Deprecated in MySQL 8.2

» Features Removed in MySQL 8.2
Features Added in MySQL 8.2

The following features have been added to MySQL 8.2:

» Additions to server startup and shutdown messages. Added the following types of messages to
the server startup and shutdown processes as noted in this list:

« Start and end messages for server initialization when the server is started with - -ini ti ali ze or - -
initialize-insecure;these are in addition to and distinct from those shown during normal server
startup and shutdown.

« Start and end messages for | nnoDB initialization.
« Start and end messages for init file execution during server initialization.
« Start and end messages for for execution of compiled-in statements during server initialization.

« Start and end mesages for crash recovery during server startup (if crash recovery occurs).
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« Start and end messages for initialization of dynamic plugins during server startup.
« Start and end messages for compoenents initialization step (apparent during server startup).

« Messages for shutdown of replica threads, as well as graceful and forceful shutdown of connection
threads, during server shutdown.

« Start and end messages for shutdown of plugins and components during server shutdown.

« Exit code (return value) information with shutdown messages during initialization or server shutdown
and end)

In addition, if the server was built using W TH_SYSTENMD, the server now includes every syst end
message in the error log.

Hash table optimization for set operations.  MySQL 8.2 improves performance of statements using
the set operations EXCEPT and | NTERSECT by means of a new hash table optimization which is enabled
automatically for such statements, and controlled by setting the hash_set oper ati ons optimizer
switch; to disable this optimization and cause the optimizer to used the old temporary table optimization
from previous versions of MySQL, set this flag to of f .

The amount of memory allocated for this optimization can be controlled by setting the value of the
set _operations_buffer_size server system variable; increasing the buffer size can further
improve execution times of some statements using these operations.

See Section 8.9.2, “Switchable Optimizations”, for more information.

MySQL Enterprise Audit. Addedtheaudit log filter _uninstall.sql scriptto simplify
removing MySQL Enterprise Audit.

Pluggable authentication.  Added support for authentication to MySQL Server using devices such

as smart cards, security keys, and biometric readers in a WebAuthn context. The new WebAuthn
authentication method is based on the FIDO and FIDO2 standards. It uses a pair of plugins,

aut henti cat i on_webaut hn on the server side and aut henti cati on_webaut hn_cl i ent onthe
client side. The server-side WebAuthn authentication plugin is included only in MySQL Enterprise Edition
distributions.

MySQL Enterprise Firewall. = These enhancements were added:

* MySQL Enterprise Firewall now permits its memory cache to be reloaded periodically with data stored
in the firewall tables. The nysql _firewal | rel oad_i nterval seconds system variable sets the
periodic-reload schedule to use at runtime or it disables reloads by default. Previous implementations
reloaded the cache only at server startup or when the server-side plugin was reinstalled.

« Added the nysql firewal |l dat abase server system variable to enable storing internal tables,
functions, and stored procedures in a custom schema.

e Added the uni nstal |l _firewall.sqgl scriptto simplify removing an installed firewall.

MySQL Privileges. Added the SET_ANY_DEFI NER privilege for definer object creation and the
ALLOW NONEXI STENT _DEFI NER privilege for orphan object protection. Together these privileges
coexist with the deprecated SET_USER | D privilege.

EXPLAIN FOR SCHEMA. Added a FOR SCHENA option to the EXPLAI N statement. The syntax is as
shown here, where st nt is an explainable statement:

EXPLAI N [options] FOR SCHEMA schema_name stnt
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This causes st nt to be run as if in the named schema.

FOR DATABASE is also supported as a synonym.

This option is not compatible with FOR CONNECTI ON.

See Obtaining Execution Plan Information, for more information.

* mysql_native_password. Thenysql _native_passwor d plugin, which was deprecated
previously, now is no longer mandatory and can be disabled at server startup.

If the server-side mysql _nati ve_passwor d authentication method is disabled, older client accounts
that use the client-side plugin (prior to MySQL 5.5 and possibly MySQL 5.6) are no longer able to
connect and the server writes an “Access denied” message to the error log. These connections are

no longer possible because, although the protocol remains compatible, the authentication method
supported by the client is missing.

* Replication: SQL_AFTER_GTIDS and MTA. The START REPLI CA statement option
SQL_AFTER_GTI DS is now compatible with the multi-threaded applier. (Previously, when
MTA was enabled and the user attempted to use this option, the statement raised the warning
ER_MI'S_FEATURE_I S_NOT_SUPPORTED, and the replica was switched to single-threaded mode.) This
means that a replica which needs to catch up with missing transactions can now do so without losing the
performance advantage from multithreading.

For more information, see Section 13.4.2.6, “START REPLICA Statement”, as well as the documentation
forthereplica parall el workers system variable. See also Section 17.2.3.2, “Monitoring
Replication Applier Worker Threads”, and Section 23.7.11, “NDB Cluster Replication Using the
Multithreaded Applier”.

» Replication terminology backwards compatibility.  This release adds the - - out put - as- ver si on
option for nysql dunp. This option allows you to create a dump from a MySQL 8.2 server that is
compatible with older versions of MySQL,; its value, one of those listed here, determines the compatibility
of replication terminology used in the dump:

« SERVER: Gets the version of the server and uses the latest versions of replication statements and
variable names compatible with that MySQL version.

¢ BEFORE 8 2 0: Output is compatible with MySQL servers running versions 8.0.23 through 8.1.0,
inclusive.

« BEFORE 8 0_23: Output is compatible with MySQL servers running versions prior to 8.0.23.
See the description of this option for more information.

In addition a new value is added to those already allowed for the t er ni nol ogy_use_previ ous
system variable. BEFORE_8 2 0 causes the server to print DI SABLE ON SLAVE (now deprecated)

instead of DI SABLE ON REPLI CA in the output of SHOW CREATE EVENT. The existing value
BEFORE_8 0_26 now also has this effect in addition to those it already had previously.

Features Deprecated in MySQL 8.2

The following features are deprecated in MySQL 8.2 and may be removed in a future series. Where
alternatives are shown, applications should be updated to use them.

For applications that use features deprecated in MySQL 8.2 that have been removed in a higher MySQL
series, statements may fail when replicated from a MySQL 8.2 source to a higher-series replica, or may
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have different effects on source and replica. To avoid such problems, applications that use features
deprecated in 8.2 should be revised to avoid them and use alternatives when possible.

Wildcard characters in database grants.  The use of the characters %and _ as wildcards in
database grants is deprecated in MySQL 8.2.0 and later MySQL Innovation releases. You should expect
for the wildcard functionality to removed in a future MySQL release and for these characters always to
be treated as literals, as they are already whenever the value of the parti al _revokes server system
variable is ON.

In addition, the treatment of %y the server as a synonym for | ocal host when checking privileges is
now also deprecated as of MySQL 8.2.0 and thus subject to removal in a future version of MySQL.

old and new (server system variables). The ol d and new server system variables and related
server options are deprecated in MySQL 8.2.0 and later Innovation releases, and a warning is now
issued whenever either of these variables is set or read. Because these variables are destined for
removal in a future version of MySQL, applications which depend on them should begin migration away
from them as soon as possible.

--character-set-client-handshake option.  The - - char act er - set - cl i ent - handshake server
option, originally intended for use with upgrades from very old versions of MySQL, is now deprecated in
MySQL 8.2.0 and later MySQL Innovation releases, where a warning is issued whenever it is used. You
should expect this option to be removed in a future version of MySQL; applications depending on this
option should begin migration away from it as soon as possible.

binlog_transaction_dependency_tracking. The

bi nl og_transacti on_dependency_tracki ng server system variable is deprecated in MySQL
8.2.0 and later Innovation releases, and is subject to removal in a future version of MySQL. Referencing
this variable or the equivalent mysql d startup option - - bi nl og-transacti on- dependency-

t racki ng now triggers a warning. There are no plans to replace this variable or its functionality, which
is expected later to be made internal to the server.

Replication SQL.  MySQL 8.2 continues work begun in previous releases to update terminology used
in SQL statements relating to MySQL Replication. This release deprecates the following statements,
listed with their replacements:

o RESET MASTER: Use RESET BI NARY LOGS AND GTI DS instead.
* SHOW MASTER STATUS: Use SHOW Bl NARY LOG STATUS instead.
¢ SHOW MASTER LOGS: Use SHOW BI NARY LOGS instead.

* PURCE MASTER LOGS: Use PURGE Bl NARY LOGS instead.

As part of this work, the DI SABLE ON SLAVE option for CREATE EVENT and ALTER EVENT

is now deprecated, and is superseded by DI SABLE ON REPLI CA. The corresponding term

SLAVESI DE_DI SABLED is also now deprecated,and no longer used in event descriptions such as in the
Information Schema EVENTS table; REPLI CA SI DE_DI SABLED is nhow shown instead.

In addition, the Com show_mast er _st at us system status variable is renamed to
Com show bi nary_| og_st at us. The previous name is still supported for backwards compatibility, but
is now deprecated and subject to removal in a future version of MySQL.

SET_USER_ID privilege.  The SET_USER | D privilege is deprecated and is subject to removal in a
future version of MySQL. When SET_USER | Dis granted using GRANT, a SQL warning informs you of
the deprecation status. It is now superseded by these new privileges:

« SET_ANY_DEFI NER for definer object creation.
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e ALLOW NONEXI STENT DEFI NER for orphan object protection.

Both privileges are required to produce orphaned SQL objects using CREATE PROCEDURE, CREATE
FUNCTI ON, CREATE TRI GGER, CREATE EVENT, or CREATE VI EW

Features Removed in MySQL 8.2

The following items are obsolete and have been removed in MySQL 8.2. Where alternatives are shown,
applications should be updated to use them.

For MySQL 8.1 applications that use features removed in MySQL 8.2, statements may fail when replicated
from a MySQL 8.1 source to a MySQL 8.2 replica, or may have different effects on source and replica. To
avoid such problems, applications that use features removed in MySQL 8.2 should be revised to avoid
them and use alternatives when possible.

* WAIT_UNTIL_SQL_THREAD_AFTER_GTIDS() function.  The
WAI T_UNTI L_SQL_THREAD AFTER GTI DS() SQL function was deprecated in MySQL 8.0, and is no
longer supported in MySQL 8.2. Attempting to invoke this function now causes a syntax error.

Instead of WAI T_UNTI L_SQL_ THREAD AFTER GTI DS() , it is recommended that you use

WAI T_FOR_EXECUTED_GTI D_SET( ) , which allows you to wait for specific GTIDS. This works
regardless of the replication channel or the user client through which the specified transactions arrive on
the server.

» expire_logs_days system variable. The expi re_| ogs_days server system variable, deprecated
in MySQL 8.0, has been removed. Attempting to get or set this variable at runtime, or to start mysql d
with the equivalent option (- - expi r e- | ogs- days), now results in an error.

In place of expi re_| ogs_days, use bi nl og_expi re_| ogs_seconds, which allows you to specify
expiration periods other than (only) in an integral number of days.

» --abort-slave-event-count and --disconnect-slave-event-count server options.  The MySQL
server startup options - - abort - sl ave- event - count and - - di sconnect - sl ave- event - count,
formerly used in testing, were deprecated in MySQL 8.0, and have been removed in this release.
Attempting to start nysql d with either of these options now results in an error.

1.4 What Is New in MySQL 8.1

This section summarizes what has been added to, deprecated in, and removed from MySQL 8.1 as
compared to MySQL 8.0. A companion section lists MySQL server options and variables that have been
added, deprecated, or removed in MySQL 8.1; see Section 1.5, “Server and Status Variables and Options
Added, Deprecated, or Removed in MySQL 8.1".

e Features Added in MySQL 8.1
» Features Deprecated in MySQL 8.1
» Features Removed in MySQL 8.1

Features Added in MySQL 8.1

The following features not found in MySQL 8.0 were added to MySQL 8.1:

» Capturing EXPLAIN FORMAT=JSON output.  The 8.1 release extended EXPLAI N FORVAT=JSON
with an | NTO option, which provides the ability to store JISON-formatted EXPLAI N output in a user
variable where it can be worked with using MySQL JSON functions, like this:
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mysql > EXPLAI N FORVAT=JSON | NTO @ryex SELECT name FROM a WHERE id = 2;
Query OK, O rows affected (0.00 sec)

nysql > SELECT JSON _EXTRACT( @wyex, "$.query_bl ock.table. key");

o o C OO CE OO COCOCOCCOOOCOC 0000 C000C0C0000C0000000a 0 +
| JSON_EXTRACT( @yex, "$.query_bl ock.table. key") |
o o C OO CE OO COCOCOCCOOOCOC 0000 C000C0C0000C0000000a 0 +
| " PRI MARY" |
o o C OO CE OO COCOCOCCOOOCOC 0000 C000C0C0000C0000000a 0 +

1 rowin set (0.01 sec)

This option can be used only if the EXPLAI N statement also contains FORVAT=J SON; otherwise, a
syntax error results. This requirement is not affected by the value of expl ai n_f or mat .

| NTOcan be used with any explainable statement with the exception of EXPLAI N FOR CONNECTI ON. It
cannot be used with EXPLAI N ANALYZE.

For more information and examples, see Obtaining Execution Plan Information.

Client comments preserved. In MySQL 8.0, the stripping of comments from the nysql client was
the default behavior; in MySQL 8.1, the default was changed to preserving such comments.

To enable the stripping of comments as was performed in MySQL 8.0 and earlier, start the nysqgl client
with - - ski p- conmrent s.

MySQL Replication: SOURCE_RETRY_COUNT change. The default value for the
SOURCE_RETRY_COUNT option of the CHANGE REPLI CATI ON SOURCE TOstatement was changed to
10. This means that, using the default values for this option and for SOURCE_CONNECT _RETRY (60), the
replica waits 60 seconds between reconnection attempts, and keeps attempting to reconnect at this rate
for 10 minutes before timing out and failing over.

This change also applies to the default value of the deprecated - - nast er-r et ry- count server
option. (You should use SOURCE_RETRY_COUNT, instead.)

For more information, see Section 17.4.9.1, “Asynchronous Connection Failover for Sources”.

group_replication_set_as_primary() and DDL statements. The
group_replication_set as prinary() function waits for ongoing DDL statements such as
ALTER TABLE when waiting for all transactions to complete, prior to electing a new primary.

For more information, see the description of this function.

The MySQL version number used in version-specific comments supports a major version consisting

of one or two digits; this means that the entire version can be either five or six digits long. For more
information about how this change affects handling of versioned comments in MySQL, see Section 9.7,
“Comments”.

Logging of the shutdown process was enhanced, with the addition of startup and shutdown messages
for the MySQL server, plugins, and components. Such messages are now also logged for closing
connections. These additions should facilitate troubleshooting and debugging problems, particularly in
the event that the server takes an excessively long time to shut down.

For more information, see Section 5.4.2, “The Error Log".

Added the SHOW PARSE_TREE statement, which shows the JSON-formatted parse tree for a
SELECT statement. This statement is intended for testing and development use only, and not in
production. It is available only in debug builds, or if MySQL was built from source using the CMake -
DW TH_SHOW PARSE_TREE option, and is not included or supported in release builds.
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e Addedthetl s-certificates-enforced-validati on system variable, which permits a DBA
to enforce certificate validation at server startup or when using the ALTER | NSTANCE RELOAD TLS
statement to reload certificates at runtime. With enforcement enabled, discovering an invalid certificate
halts server invocation at startup, prevents loading invalid certificates at runtime, and emits warnings.
For more information, see Configuring Certificate Validation Enforcement.

» Added a number of status variables specific to the Group Replication plugin that improve diagnosis and
troubleshooting of network instabilities, providing statistics about network usage, control messages, and
data messages for each group member.

See Section 18.9.2, “Group Replication Status Variables”, for more information.

As part of this work, a new MEMBER_FAI LURE_SUSPI Cl ONS_COUNT column was added to the
Performance Schemar epl i cati on_group_comuni cati on_i nf or mati on table. The contents of
this column are formatted as a JSON array whose keys are group members ID and whose values are
the number of times the group member has been considered suspect. See the description of this table
for more information.

» Added server system variables to control the amount of time MySQL accounts that connect to a MySQL
server using LDAP pluggable authentication must wait when the LDAP server is down or unresponsive.
The default timeout became 30 seconds for the following simple and SASL-based LDAP authentication
variables:

e authentication_| dap_si npl e_connect _ti meout
e« authentication_| dap_si npl e_response_ti nmeout
e authentication_|l dap_sasl connect ti meout

e authentication_| dap_sasl _response_ti neout

Connection and response timeouts are configurable through the system variables on Linux platforms
only. For more information, see Setting Timeouts for LDAP Pluggable Authentication.

Features Deprecated in MySQL 8.1

The following features were deprecated in MySQL 8.1 and may be removed in a future series. Where
alternatives are shown, applications should be updated to use them.

For applications that use features deprecated in MySQL 8.1 that have been removed in a higher MySQL
series, statements may fail when replicated from a MySQL 8.1 source to a replica using a later version,
or may have different effects on source and replica. To avoid such problems, applications that use
deprecated features should be revised to avoid them and use alternatives when possible.

e Deprecations in 8.0.34 and 8.1.0.  Features deprecated in both 8.0.34 and 8.1.0 are documented in
the MySQL 8.0 manual. See MySQL 8.0 Deprecations.

Features Removed in MySQL 8.1

The following items are obsolete and were removed in MySQL 8.1. Where alternatives are shown,
applications should be updated to use them.

For MySQL 8.0 applications that use features removed in MySQL 8.1 or later, statements may fail when
replicated from a MySQL 8.0 source to a replica running MySQL 8.1 or later, or may have different effects
on source and replica. To avoid such problems, applications that use such removed features should be
revised to avoid them and use alternatives when possible.
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Features Removed in MySQL 8.1

System variables and NULL. Itis not intended or supported for a MySQL server startup option to be
setto NULL (- - ny- opt i on=NULL) and have it interpreted by the server as SQL NULL, and should not
be possible. MySQL 8.1 (and later) specifically disallows setting startup options to NULL in this fashion,
and rejects an attempt to do with an error. Attempts to set the corresponding server system variables to
NULL using SET or similar in the nysql client are also rejected.

The server system variables in the following list are excepted from the restriction just described:
e adm n_ssl _ca

e adm n_ssl _capath

e admi n_ssl _cert

e adm n_ssl _ci pher

e admi n_tls_ciphersuites
e adm n_ssl _key

e adm n_ssl _crl

e adm n_ssl _crlpath

e basedir

e character_sets_dir

« ft_stopword file

e group_replication_recovery tls_ciphersuites
«init _file

e I c_messages_dir

e plugin_dir

e relay_log
erelay log_ info file

e replica_load_tnpdir

e ssl _ca

e ssl _capath

e ssl _cert

e ssl _ci pher

e ssl _crl

e ssl _crlpath

e ssl _key
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* socket

e tls_ciphersuites

e tnpdir

See also Section 5.1.8, “Server System Variables”.

Identifiers with an initial dollar sign.  The use of the dollar sign ($) as the initial character of an
unquoted identifier was deprecated in MySQL 8.0, and is restricted in MySQL 8.1 and later; using an
unquoted identifier beginning with a dollar sign and containing one or more dollar signs (in addition to the
first one) now generates a syntax error.

Unquoted identifiers starting with $ are not affected by this restriction if they do not contain any additional
$ characters.

See Section 9.2, “Schema Object Names”.

1.5 Server and Status Variables and Options Added, Deprecated, or
Removed in MySQL 8.1

Options and Variables Introduced in MySQL 8.1
Options and Variables Deprecated in MySQL 8.1

Options and Variables Removed in MySQL 8.1

This section lists server variables, status variables, and options that were added for the first time,
deprecated, or removed in MySQL 8.1.

Options and Variables Introduced in MySQL 8.1

The following system variables, status variables, and server options were added in MySQL 8.1.

Audit | og_direct_wites: Number of direct writes to the audit log file. Added in MySQL 8.1.0.

G _all _consensus_proposal s_count : Sum of all proposals that were initiated and terminated in
this node. Added in MySQL 8.1.0.

G _all _consensus_ti me_sum The sum of elapsed time of all consensus rounds started and finished
in this node. Togheter with count_all_consensus_proposals, we can identify if the individual consensus
time has a trend of going up, thus signaling a possible problem. Added in MySQL 8.1.0.

G _certification_garbage_col | ect or _count: Number of times certification garbage collection
did run. Added in MySQL 8.1.0.

G _certification_garbage collector _tinme_sum Sum of the time in micro-seconds that
certification garbage collection runs took. Added in MySQL 8.1.0.

Gr_consensus_byt es_recei ved_sum The sum of all socket-level bytes that were received to from
group nodes having as a destination this node. Added in MySQL 8.1.0.

G _consensus_byt es_sent _sum Sum of all socket-level bytes that were sent to all group nodes
originating on this node. Socket-level bytes mean that we will report more data here than in the sent
messages, because they are multiplexed and sent to each member. As an example, if we have a group
with 3 members and we send a 100 bytes message, this value will account for 300 bytes, since we send
100 bytes to each node. Added in MySQL 8.1.0.
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Gr_control _nessages_sent byt es_sum Sum of bytes of control messages sent by this member.
The size is the on-the-wire size. Added in MySQL 8.1.0.

Gr_control _nmessages_sent _count : Number of control messages sent by this member. Added in
MySQL 8.1.0.

G _control _nmessages_sent _roundtri p_ti me_sum Sum of the roundtrip time in micro-seconds
of control messages sent by this member. The time is measured between the send and the delivery of
the message on the sender member. This time will measure the time between the send and the delivery
of the message on the majority of the members of the group (that includes the sender). Added in MySQL
8.1.0.

G _dat a_nessages_sent byt es_sum Sum of bytes of data messages sent by this member. The
size is the on-the-wire size. Added in MySQL 8.1.0.

G _dat a_messages_sent _count : Number of data messages sent by this member. Counts the
number of transaction data messages sent. Added in MySQL 8.1.0.

Gr _data_nessages_sent _roundtri p_ti me_sum Sum of the roundtrip time in micro-seconds of
data messages sent by this member. The time is measured between the send and the delivery of the
message on the sender member. This time will measure the time between the send and the delivery of
the message on the majority of the members of the group (that includes the sender). Added in MySQL
8.1.0.

G _enpty_consensus_proposal s_count : Sum of all empty proposal rounds that were initiated and
terminated in this node. Added in MySQL 8.1.0.

G _ext ended_consensus_count : The number of full 3-Phase PAXOS that this node initiated. If this
number grows, it means that at least of the node is having issues answering to Proposals, either by
slowliness or network issues. Use togheter with count_member_failure_suspicions to try and do some
diagnose. Added in MySQL 8.1.0.

G _|ast_consensus_end_ti nest anp: The time in which our last consensus proposal was
approved. Reported in a timestamp format. This is an indicator if the group is halted or making slow
progress. Added in MySQL 8.1.0.

G _total _nessages_sent count: The number of high-level messages that this node sent to the
group. These messages are the ones the we receive via the API to be proposed to the group. XCom has
a batching mechanism, that will gather these messages and propose them all togheter. This will acocunt
the number of message before being batched. Added in MySQL 8.1.0.

G _transactions_consi stency_after_sync_count : Number of transactions on secondaries
that waited to start, while waiting for transactions from the primary with group_replication_consistency=
AFTER and BEFORE_AND_AFTER to be committed. Added in MySQL 8.1.0.

G _transactions_consi stency_after_sync_tine_sum Sum of the time in micro-seconds

that transactions on secondaries waited to start, while waiting for transactions from the primary with
group_replication_consistency= AFTER and BEFORE_AND_AFTER to be committed. Added in MySQL
8.1.0.

G _transactions_consi stency_after_term nati on_count: Number of transactions executed
with group_replication_consistency= AFTER and BEFORE_AND_AFTER. Added in MySQL 8.1.0.

Gr _transactions_consistency_after_term nation_tinme_sum Sum of the

time in micro-seconds spent between the delivery of the transaction executed with
group_replication_consistency=AFTER and BEFORE_AND_AFTER, and the acknowledge of the other
group members that the transaction is prepared. It does not include the transaction send roundtrip time.
Added in MySQL 8.1.0.
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Gr _transactions_consi stency_before_begi n_count : Number of transactions executed with
group_replication_consistency= BEFORE and BEFORE_AND_AFTER. Added in MySQL 8.1.0.

G _transactions_consi stency_before_begi n_ti me_sum Sum of the time in micro-seconds
that the member waited until its group_replication_applier channel was consumed before execute the
transaction with group_replication_consistency= BEFORE and BEFORE_AND_AFTER. Added in
MySQL 8.1.0.

Tl s_sni _server _nane: Server name supplied by the client. Added in MySQL 8.1.0.

aut henti cati on_| dap_sasl _connect _ti neout : SASL-Based LDAP server connection timeout.
Added in MySQL 8.1.0.

aut henti cation_| dap_sasl _response_ti neout : Simple LDAP server response timeout. Added
in MySQL 8.1.0.

aut henti cati on_| dap_si npl e_connect _ti meout : Simple LDAP server connection timeout.
Added in MySQL 8.1.0.

aut henti cation_| dap_si npl e_response_ti neout : Simple LDAP server response timeout.
Added in MySQL 8.1.0.

telemetry.live_sessi ons: Displays the current number of sessions instrumented with telemetry.
Added in MySQL 8.1.0.

telenmetry.otel bsp nax_export_batch_si ze: Maximum batch size. Added in MySQL 8.1.0.
telemetry. otel _bsp_nmax_queue_si ze: Maximum queue size. Added in MySQL 8.1.0.

telenmetry. otel bsp _schedul e_del ay: Delay interval between two consecutive exports in
milliseconds. Added in MySQL 8.1.0.

telemetry.otel exporter_otlp_traces_certificates:Unused at this time.. Added in MySQL
8.1.0.

telemetry.otel _exporter otlp traces client _certificates:Unused at this time.. Added
in MySQL 8.1.0.

telemetry.otel exporter_otlp_traces_client_key: Unused at this time.. Added in MySQL
8.1.0.

telemetry.otel _exporter_otlp_traces_conpressi on: Compression used by exporter. Added
in MySQL 8.1.0.

telenetry. otel _exporter_otl p_traces_endpoi nt: Target URL to which the exporter sends
traces. Added in MySQL 8.1.0.

telemetry.otel _exporter_otlp_traces_headers: Key-value pairs to be used as headers
associated with HTTP requests. Added in MySQL 8.1.0.

telenmetry.otel _exporter_otlp _traces_protocol : OTLP transport protocol. Added in MySQL
8.1.0.

telemetry.otel _exporter_otlp_traces_timeout: Time OLTP exporter waits for each batch
export. Added in MySQL 8.1.0.

telenetry. otel | og | evel : Controls which opentelemetry logs are printed in the server logs (Linux
only). Added in MySQL 8.1.0.
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e telenetry. otel _resource_attributes: See corresponding OpenTelemetry variable
OTEL_RESOURCE_ATTRIBUTES.. Added in MySQL 8.1.0.

e telenmetry. query_text enabl ed: Controls whether the SQL query text is included in the trace
(Linux only). Added in MySQL 8.1.0.

 telenetry. trace_enabl ed: Controls whether telemetry traces are collected or not (Linux only).
Added in MySQL 8.1.0.

« tls_certificates_enforced_validation: Whether to validate server and CA certificates. Added
in MySQL 8.1.0.

Options and Variables Deprecated in MySQL 8.1

No system variables, status variables, or server options were deprecated in MySQL 8.1.

Options and Variables Removed in MySQL 8.1

No system variables, status variables, or options were removed in MySQL 8.1.

1.6 Server and Status Variables and Options Added, Deprecated, or
Removed in MySQL 8.2

» Options and Variables Introduced in MySQL 8.2

» Options and Variables Deprecated in MySQL 8.2

» Options and Variables Removed in MySQL 8.2

This section lists system variables, status variables, and options that were added for the first time, have
been deprecated, or have been removed in MySQL 8.2.

“Server and Status Variables and Options Added, Deprecated, or Removed in
MySQL 8.1", for information about system variables, status variables, and options

Note
@ If you are upgrading directly to MySQL 8.2 from MySQL 8.0, see Section 1.5,
that were added for the first time, deprecated, or removed in MySQL 8.1.

Options and Variables Introduced in MySQL 8.2

The following system variables, status variables, and server options have been added in MySQL 8.2.

» Com show bi nary_| og_st at us: Count of SHOW BINARY LOG STATUS statements; use instead of
Com_show_master_status. Added in MySQL 8.2.0.

» Performance_schenma_net er | ost: Number of meter instruments that failed to be created. Added in
MySQL 8.2.0.

» Performance_schema_netric_| ost: Number of metric instruments that failed to be created. Added
in MySQL 8.2.0.

 Telenmetry_netrics_support ed: Whether server telemetry metrics is supported. Added in MySQL
8.2.0.

» aut henticati on_webaut hn_r p_i d: Relying party ID for multifactor authentication. Added in MySQL
8.2.0.
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 nysql _firewal | dat abase: The database from which MySQL Enterprise Firewall sources its tables
and stored procedures. Added in MySQL 8.2.0.

« nysql _firewall reload_interval seconds: Reload data at specified intervals. Added in MySQL
8.2.0.

e performance_schema_max_net er _cl asses: Maximum number of meter instruments which can be
created. Added in MySQL 8.2.0.

» performance_schenma_max_netri c_cl asses: Maximum number of metric instruments which can
be created. Added in MySQL 8.2.0.

e set _operations_buffer_size: Amount of memory available for hashing of set operations. Added in
MySQL 8.2.0.

Options and Variables Deprecated in MySQL 8.2

The following system variables, status variables, and options have been deprecated in MySQL 8.2.

» Com show nast er st at us: Count of SHOW MASTER STATUS statements. Deprecated in MySQL
8.2.0.

e authentication_fido_rp_id:Relying party ID for FIDO multifactor authentication. Deprecated in
MySQL 8.2.0.

* binlog transacti on_dependency_tracki ng: Source of dependency information (commit
timestamps or transaction write sets) from which to assess which transactions can be executed in
parallel by replica's multithreaded applier. Deprecated in MySQL 8.2.0.

» character-set-client-handshake: Do not ignore client side character set value sent during
handshake. Deprecated in MySQL 8.2.0.

* new: Use very new, possibly 'unsafe' functions. Deprecated in MySQL 8.2.0.
» ol d: Cause server to revert to certain behaviors present in older versions. Deprecated in MySQL 8.2.0.

» performance_schenma_show processli st: Select SHOW PROCESSLIST implementation.
Deprecated in MySQL 8.2.0.

» ski p-character-set-client-handshake: Ignore client side character set value sent during
handshake. Deprecated in MySQL 8.2.0.

» ski p- new: Do not use new, possibly wrong routines. Deprecated in MySQL 8.2.0.

Options and Variables Removed in MySQL 8.2

The following system variables, status variables, and options have been removed in MySQL 8.2.

e abort-sl ave-event - count : Option used by mysql-test for debugging and testing of replication.
Removed in MySQL 8.2.0.

e di sconnect - sl ave- event - count : Option used by mysql-test for debugging and testing of
replication. Removed in MySQL 8.2.0.

* expire_| ogs_days: Purge binary logs after this many days. Removed in MySQL 8.2.0.

1.7 How to Report Bugs or Problems
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How to Report Bugs or Problems

Before posting a bug report about a problem, please try to verify that it is a bug and that it has not been
reported already:

 Start by searching the MySQL online manual at https://dev.mysgl.com/doc/. We try to keep the manual
up to date by updating it frequently with solutions to newly found problems. In addition, the release
notes accompanying the manual can be particularly useful since it is quite possible that a newer version
contains a solution to your problem. The release notes are available at the location just given for the
manual.

 If you get a parse error for an SQL statement, please check your syntax closely. If you cannot find
something wrong with it, it is extremely likely that your current version of MySQL Server doesn't support
the syntax you are using. If you are using the current version and the manual doesn't cover the syntax
that you are using, MySQL Server doesn't support your statement.

If the manual covers the syntax you are using, but you have an older version of MySQL Server, you
should check the MySQL change history to see when the syntax was implemented. In this case, you
have the option of upgrading to a newer version of MySQL Server.

» For solutions to some common problems, see Section B.3, “Problems and Common Errors”.

» Search the bugs database at http://bugs.mysqgl.com/ to see whether the bug has been reported and
fixed.

* You can also use http://www.mysqgl.com/search/ to search all the Web pages (including the manual) that
are located at the MySQL website.

If you cannot find an answer in the manual, the bugs database, or the mailing list archives, check with your
local MySQL expert. If you still cannot find an answer to your question, please use the following guidelines
for reporting the bug.

The normal way to report bugs is to visit http://bugs.mysqgl.com/, which is the address for our bugs
database. This database is public and can be browsed and searched by anyone. If you log in to the
system, you can enter new reports.

Bugs posted in the bugs database at http://bugs.mysql.com/ that are corrected for a given release are
noted in the release notes.

If you find a security bug in MySQL Server, please let us know immediately by sending an email message
to <secal ert _us@r acl e. conm. Exception: Support customers should report all problems, including
security bugs, to Oracle Support at http://support.oracle.com/.

To discuss problems with other users, you can use the MySQL Community Slack.

Writing a good bug report takes patience, but doing it right the first time saves time both for us and for
yourself. A good bug report, containing a full test case for the bug, makes it very likely that we will fix the
bug in the next release. This section helps you write your report correctly so that you do not waste your
time doing things that may not help us much or at all. Please read this section carefully and make sure that
all the information described here is included in your report.

Preferably, you should test the problem using the latest production or development version of MySQL
Server before posting. Anyone should be able to repeat the bug by just using nysql test <
script_fil e onyourtestcase or by running the shell or Perl script that you include in the bug report.
Any bug that we are able to repeat has a high chance of being fixed in the next MySQL release.

It is most helpful when a good description of the problem is included in the bug report. That is, give a good
example of everything you did that led to the problem and describe, in exact detail, the problem itself.

The best reports are those that include a full example showing how to reproduce the bug or problem. See
Section 5.9, “Debugging MySQL".
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How to Report Bugs or Problems

Remember that it is possible for us to respond to a report containing too much information, but not to one
containing too little. People often omit facts because they think they know the cause of a problem and
assume that some details do not matter. A good principle to follow is that if you are in doubt about stating
something, state it. It is faster and less troublesome to write a couple more lines in your report than to wait
longer for the answer if we must ask you to provide information that was missing from the initial report.

The most common errors made in bug reports are (a) not including the version number of the MySQL
distribution that you use, and (b) not fully describing the platform on which the MySQL server is installed
(including the platform type and version number). These are highly relevant pieces of information, and in
99 cases out of 100, the bug report is useless without them. Very often we get questions like, “Why doesn't
this work for me?” Then we find that the feature requested wasn't implemented in that MySQL version,

or that a bug described in a report has been fixed in newer MySQL versions. Errors often are platform-
dependent. In such cases, it is next to impossible for us to fix anything without knowing the operating
system and the version number of the platform.

If you compiled MySQL from source, remember also to provide information about your compiler if it is
related to the problem. Often people find bugs in compilers and think the problem is MySQL-related.
Most compilers are under development all the time and become better version by version. To determine
whether your problem depends on your compiler, we need to know what compiler you used. Note that
every compiling problem should be regarded as a bug and reported accordingly.

If a program produces an error message, it is very important to include the message in your report. If we try
to search for something from the archives, it is better that the error message reported exactly matches the
one that the program produces. (Even the lettercase should be observed.) It is best to copy and paste the
entire error message into your report. You should never try to reproduce the message from memory.

If you have a problem with Connector/fODBC (MyODBC), please try to generate a trace file and send it with
your report. See How to Report Connector/ODBC Problems or Bugs.

If your report includes long query output lines from test cases that you run with the nysql command-
line tool, you can make the output more readable by using the - - ver t i cal option or the \ G statement
terminator. The EXPLAI N SELECT example later in this section demonstrates the use of \ G

Please include the following information in your report:

e The version number of the MySQL distribution you are using (for example, MySQL 5.7.10). You can find
out which version you are running by executing mysql adm n ver si on. The nysql adni n program can
be found in the bi n directory under your MySQL installation directory.

» The manufacturer and model of the machine on which you experience the problem.

» The operating system name and version. If you work with Windows, you can usually get the name and
version number by double-clicking your My Computer icon and pulling down the “Help/About Windows”
menu. For most Unix-like operating systems, you can get this information by executing the command
uname - a.

» Sometimes the amount of memory (real and virtual) is relevant. If in doubt, include these values.

» The contents of the docs/ | NFO_BI Nfile from your MySQL installation. This file contains information
about how MySQL was configured and compiled.

* If you are using a source distribution of the MySQL software, include the name and version number of
the compiler that you used. If you have a binary distribution, include the distribution name.

« If the problem occurs during compilation, include the exact error messages and also a few lines of
context around the offending code in the file where the error occurs.
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« If nysql d died, you should also report the statement that caused nysql d to unexpectedly exit. You can

usually get this information by running nysql d with query logging enabled, and then looking in the log
after nysql d exits. See Section 5.9, “Debugging MySQL".

If a database table is related to the problem, include the output from the SHOW CREATE TABLE
db_nane. t bl _nane statement in the bug report. This is a very easy way to get the definition of
any table in a database. The information helps us create a situation matching the one that you have
experienced.

The SQL mode in effect when the problem occurred can be significant, so please report the value of

the sql _node system variable. For stored procedure, stored function, and trigger objects, the relevant
sql _node value is the one in effect when the object was created. For a stored procedure or function,
the SHOW CREATE PROCEDURE or SHOW CREATE FUNCTI ON statement shows the relevant SQL mode,
or you can query | NFORVATI ON_SCHENA for the information:

SELECT ROUTI NE_SCHEMA, ROUTI NE_NAME, SQL_MODE
FROM | NFORVATI ON_SCHENMA. ROUTI NES;

For triggers, you can use this statement:

SELECT EVENT_OBJECT_SCHEMA, EVENT_OBJECT TABLE, TRI GGER NAME, SQL_MODE
FROM | NFORMATI ON_SCHEMA. TRI GGERS;

For performance-related bugs or problems with SELECT statements, you should always include the
output of EXPLAI N SELECT . . ., and at least the number of rows that the SELECT statement produces.
You should also include the output from SHON CREATE TABLE t bl _nane for each table that is
involved. The more information you provide about your situation, the more likely it is that someone can
help you.

The following is an example of a very good bug report. The statements are run using the mysq|l
command-line tool. Note the use of the \ G statement terminator for statements that would otherwise
provide very long output lines that are difficult to read.

nysql > SHOW VARI ABLES;
nysqgl > SHOW COLUWS FROM ...\ G
<out put from SHOW COLUVNS>
nysql > EXPLAIN SELECT ...\G
<out put from EXPLAI N>
nysqgl > FLUSH STATUS;
nysql > SELECT .. .;
<A short version of the output from SELECT,
including the time taken to run the query>
nysql > SHOW STATUS;
<out put from SHOW STATUS>

If a bug or problem occurs while running nysql d, try to provide an input script that reproduces the
anomaly. This script should include any necessary source files. The more closely the script can
reproduce your situation, the better. If you can make a reproducible test case, you should upload it to be
attached to the bug report.

If you cannot provide a script, you should at least include the output from nysql admi n vari abl es
ext ended- st at us processl i st inyour report to provide some information on how your system is
performing.

If you cannot produce a test case with only a few rows, or if the test table is too big to be included in the
bug report (more than 10 rows), you should dump your tables using mysql dunp and create a READVE
file that describes your problem. Create a compressed archive of your files using t ar and gzi p or zi p.
After you initiate a bug report for our bugs database at http://bugs.mysql.com/, click the Files tab in the
bug report for instructions on uploading the archive to the bugs database.
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« If you believe that the MySQL server produces a strange result from a statement, include not only the
result, but also your opinion of what the result should be, and an explanation describing the basis for
your opinion.

* When you provide an example of the problem, it is better to use the table names, variable names, and
so forth that exist in your actual situation than to come up with new names. The problem could be related
to the name of a table or variable. These cases are rare, perhaps, but it is better to be safe than sorry.
After all, it should be easier for you to provide an example that uses your actual situation, and it is by all
means better for us. If you have data that you do not want to be visible to others in the bug report, you
can upload it using the Files tab as previously described. If the information is really top secret and you do
not want to show it even to us, go ahead and provide an example using other names, but please regard
this as the last choice.

« Include all the options given to the relevant programs, if possible. For example, indicate the options that
you use when you start the nysql d server, as well as the options that you use to run any MySQL client
programs. The options to programs such as nysql d and nysql , and to the conf i gur e script, are often
key to resolving problems and are very relevant. It is never a bad idea to include them. If your problem
involves a program written in a language such as Perl or PHP, please include the language processor's
version number, as well as the version for any modules that the program uses. For example, if you have
a Perl script that uses the DBl and DBD: : mysqgl modules, include the version numbers for Perl, DBI ,
and DBD: : nysql .

* If your question is related to the privilege system, please include the output of mnysql admi n rel oad,
and all the error messages you get when trying to connect. When you test your privileges, you should
execute nysql admi n rel oad versi on and try to connect with the program that gives you trouble.

« If you have a patch for a bug, do include it. But do not assume that the patch is all we need, or that we
can use it, if you do not provide some necessary information such as test cases showing the bug that
your patch fixes. We might find problems with your patch or we might not understand it at all. If so, we
cannot use it.

If we cannot verify the exact purpose of the patch, we will not use it. Test cases help us here. Show that
the patch handles all the situations that may occur. If we find a borderline case (even a rare one) where
the patch will not work, it may be useless.

» Guesses about what the bug is, why it occurs, or what it depends on are usually wrong. Even the
MySQL team cannot guess such things without first using a debugger to determine the real cause of a
bug.

* Indicate in your bug report that you have checked the reference manual and mail archive so that others
know you have tried to solve the problem yourself.

« If your data appears corrupt or you get errors when you access a particular table, first check your tables
with CHECK TABLE. If that statement reports any errors:

« The | nnoDB crash recovery mechanism handles cleanup when the server is restarted after being
killed, so in typical operation there is no need to “repair” tables. If you encounter an error with
I nnoDB tables, restart the server and see whether the problem persists, or whether the error
affected only cached data in memory. If data is corrupted on disk, consider restarting with the
i nnodb_f orce_recovery option enabled so that you can dump the affected tables.

» For non-transactional tables, try to repair them with REPAI R TABLE or with myi santhk. See
Chapter 5, MySQL Server Administration.

If you are running Windows, please verify the value of | ower _case_t abl e_nanes using the SHOWV
VARI ABLES LI KE '| ower case_tabl e _nanes' statement. This variable affects how the server
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handles lettercase of database and table names. Its effect for a given value should be as described in
Section 9.2.3, “Identifier Case Sensitivity”.

« If you often get corrupted tables, you should try to find out when and why this happens. In this case,
the error log in the MySQL data directory may contain some information about what happened. (This
is the file with the . er r suffix in the name.) See Section 5.4.2, “The Error Log”. Please include any
relevant information from this file in your bug report. Normally mysql d should never corrupt a table if
nothing killed it in the middle of an update. If you can find the cause of nysql d dying, it is much easier
for us to provide you with a fix for the problem. See Section B.3.1, “How to Determine What Is Causing a
Problem”.

« If possible, download and install the most recent version of MySQL Server and check whether it solves
your problem. All versions of the MySQL software are thoroughly tested and should work without
problems. We believe in making everything as backward-compatible as possible, and you should be able
to switch MySQL versions without difficulty. See Section 2.1.2, “Which MySQL Version and Distribution
to Install”.

1.8 MySQL Standards Compliance

This section describes how MySQL relates to the ANSI/ISO SQL standards. MySQL Server has many
extensions to the SQL standard, and here you can find out what they are and how to use them. You can
also find information about functionality missing from MySQL Server, and how to work around some of the
differences.

The SQL standard has been evolving since 1986 and several versions exist. In this manual, “SQL-92"
refers to the standard released in 1992. “SQL:1999", “SQL:2003", “SQL:2008", and “SQL:2011" refer to the
versions of the standard released in the corresponding years, with the last being the most recent version.
We use the phrase “the SQL standard” or “standard SQL” to mean the current version of the SQL Standard
at any time.

One of our main goals with the product is to continue to work toward compliance with the SQL standard,
but without sacrificing speed or reliability. We are not afraid to add extensions to SQL or support for non-
SQL features if this greatly increases the usability of MySQL Server for a large segment of our user base.
The HANDLER interface is an example of this strategy. See Section 13.2.5, “HANDLER Statement”.

We continue to support transactional and nontransactional databases to satisfy both mission-critical 24/7
usage and heavy Web or logging usage.

MySQL Server was originally designed to work with medium-sized databases (10-100 million rows,
or about 100MB per table) on small computer systems. Today MySQL Server handles terabyte-sized
databases.

We are not targeting real-time support, although MySQL replication capabilities offer significant
functionality.

MySQL supports ODBC levels 0 to 3.51.

MySQL supports high-availability database clustering using the NDBCLUSTER storage engine. See
Chapter 23, MySQL NDB Cluster 8.2.

We implement XML functionality which supports most of the W3C XPath standard. See Section 12.11,
“XML Functions”.

MySQL supports a native JSON data type as defined by RFC 7159, and based on the ECMAScript
standard (ECMA-262). See Section 11.5, “The JSON Data Type”. MySQL also implements a subset of the
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SQL/JSON functions specified by a pre-publication draft of the SQL:2016 standard; see Section 12.17,
“JSON Functions”, for more information.

Selecting SQL Modes

The MySQL server can operate in different SQL modes, and can apply these modes differently for different
clients, depending on the value of the sql _node system variable. DBAs can set the global SQL mode to
match site server operating requirements, and each application can set its session SQL mode to its own
requirements.

Modes affect the SQL syntax MySQL supports and the data validation checks it performs. This makes it
easier to use MySQL in different environments and to use MySQL together with other database servers.

For more information on setting the SQL mode, see Section 5.1.11, “Server SQL Modes".

Running MySQL in ANSI Mode

To run MySQL Server in ANSI mode, start mysql d with the - - ansi option. Running the server in ANSI
mode is the same as starting it with the following options:

--transaction-i sol ati on=SERI ALI ZABLE - - sql - rode=ANSI

To achieve the same effect at runtime, execute these two statements:

SET GLOBAL TRANSACTI ON | SOLATI ON LEVEL SERI ALI ZABLE:
SET GLOBAL sql _node = 'ANSI' ;

You can see that setting the sql _node system variable to ' ANSI ' enables all SQL mode options that are
relevant for ANSI mode as follows:

nmysqgl > SET GLOBAL sql _node='" ANS| ' ;

nmysql > SELECT @aELOBAL. sql _node;
-> ' REAL_AS FLQAT, Pl PES_AS_CONCAT, ANSI _QUOTES, | GNORE_SPACE, ANS|

Running the server in ANSI mode with - - ansi is not quite the same as setting the SQL mode to ' ANSI '
because the - - ansi option also sets the transaction isolation level.

See Section 5.1.7, “Server Command Options”.

1.8.1 MySQL Extensions to Standard SQL

MySQL Server supports some extensions that you are not likely to find in other SQL DBMSs. Be warned
that if you use them, your code is most likely not portable to other SQL servers. In some cases, you can
write code that includes MySQL extensions, but is still portable, by using comments of the following form:

/*! MySQL-specific code */

In this case, MySQL Server parses and executes the code within the comment as it would any other SQL
statement, but other SQL servers should ignore the extensions. For example, MySQL Server recognizes
the STRAI GHT_JO N keyword in the following statement, but other servers should not:

SELECT /*! STRAIGHT_JO N */ col1l FROM tabl el, t abl e2 WHERE . ..

If you add a version number after the ! character, the syntax within the comment is executed only if the
MySQL version is greater than or equal to the specified version number. The KEY BLOCK_ S| ZE clause in
the following comment is executed only by servers from MySQL 5.1.10 or higher:

CREATE TABLE t1(a INT, KEY (a)) /*!50110 KEY_BLOCK S| ZE=1024 */;
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The following descriptions list MySQL extensions, organized by category.

» Organization of data on disk

MySQL Server maps each database to a directory under the MySQL data directory, and maps tables
within a database to file names in the database directory. Consequently, database and table names are
case-sensitive in MySQL Server on operating systems that have case-sensitive file names (such as most
Unix systems). See Section 9.2.3, “Identifier Case Sensitivity”.

» General language syntax

By default, strings can be enclosed by " as well as ' . If the ANSI _ QUOTES SQL mode is enabled,
strings can be enclosed only by ' and the server interprets strings enclosed by " as identifiers.

\ is the escape character in strings.

In SQL statements, you can access tables from different databases with the db_nane. t bl _nane
syntax. Some SQL servers provide the same functionality but call this User space. MySQL
Server doesn't support tablespaces such as used in statements like this;: CREATE TABLE

ral ph.nmy_table ... I N ny_tabl espace.

* SQL statement syntax

The ANALYZE TABLE, CHECK TABLE, OPTI M ZE TABLE, and REPAI R TABLE statements.

The CREATE DATABASE, DROP DATABASE, and ALTER DATABASE statements. See Section 13.1.12,
“CREATE DATABASE Statement”, Section 13.1.24, “DROP DATABASE Statement”, and
Section 13.1.2, “ALTER DATABASE Statement”.

The DO statement.

EXPLAI N SELECT to obtain a description of how tables are processed by the query optimizer.
The FLUSH and RESET statements.

The SET statement. See Section 13.7.6.1, “SET Syntax for Variable Assignment”.

The SHOWSstatement. See Section 13.7.7, “SHOW Statements”. The information produced by many of
the MySQL-specific SHOWstatements can be obtained in more standard fashion by using SELECT to
query | NFORVATI ON_SCHEMA. See Chapter 26, INFORMATION_SCHEMA Tables.

Use of LOAD DATA. In many cases, this syntax is compatible with Oracle LOAD DATA. See
Section 13.2.9, “LOAD DATA Statement”.

Use of RENAVE TABLE. See Section 13.1.36, “RENAME TABLE Statement”.
Use of REPLACE instead of DELETE plus | NSERT. See Section 13.2.12, “REPLACE Statement”.

Use of CHANGE col _nane, DROP col _nane, or DROP | NDEX, | GNORE or RENAME in ALTER TABLE
statements. Use of multiple ADD, ALTER, DROP, or CHANGE clauses in an ALTER TABLE statement.
See Section 13.1.9, “ALTER TABLE Statement”.

Use of index names, indexes on a prefix of a column, and use of | NDEX or KEY in CREATE TABLE
statements. See Section 13.1.20, “CREATE TABLE Statement”.

Use of TEMPORARY or | F NOT EXI STS with CREATE TABLE.
Use of | F EXI STS with DROP TABLE and DROP DATABASE.
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The capability of dropping multiple tables with a single DROP TABLE statement.

The ORDER BY and LI M T clauses of the UPDATE and DELETE statements.

I NSERT | NTO tbl _nane SET col _nane = ... syntax.

The DELAYED clause of the | NSERT and REPLACE statements.

The LOW PRI ORI TY clause of the | NSERT, REPLACE, DELETE, and UPDATE statements.

Use of | NTO OUTFI LE or | NTO DUMPFI LE in SELECT statements. See Section 13.2.13, “SELECT
Statement”.

Options such as STRAI GHT_JO Nor SQL_SVALL_ RESULT in SELECT statements.

You don't need to name all selected columns in the GROUP BY clause. This gives better performance
for some very specific, but quite normal queries. See Section 12.19, “Aggregate Functions”.

You can specify ASC and DESC with GROUP BY, not just with ORDER BY.

The ability to set variables in a statement with the : = assignment operator. See Section 9.4, “User-
Defined Variables”.

Data types

The MEDI UM NT, SET, and ENUMdata types, and the various BLOB and TEXT data types.

The AUTO_| NCREMENT, Bl NARY, NULL, UNSI GNED, and ZERCFI LL data type attributes.

Functions and operators

To make it easier for users who migrate from other SQL environments, MySQL Server supports
aliases for many functions. For example, all string functions support both standard SQL syntax and
ODBC syntax.

MySQL Server understands the | | and && operators to mean logical OR and AND, as in the

C programming language. In MySQL Server, | | and OR are synonyms, as are && and AND.

Because of this nice syntax, MySQL Server doesn't support the standard SQL | | operator for string
concatenation; use CONCAT( ) instead. Because CONCAT( ) takes any number of arguments, it is easy
to convert use of the | | operator to MySQL Server.

Use of COUNT( DI STI NCT val ue_| i st) where val ue | i st has more than one element.

String comparisons are case-insensitive by default, with sort ordering determined by the collation
of the current character set, which is ut f 8nb4 by default. To perform case-sensitive comparisons
instead, you should declare your columns with the Bl NARY attribute or use the Bl NARY cast, which
causes comparisons to be done using the underlying character code values rather than a lexical
ordering.

The %operator is a synonym for MOD( ) . That is, N % Mis equivalent to MOD( N, M) . %is supported
for C programmers and for compatibility with PostgreSQL.

The =, <>, <=, <, >=, >, <<, >>, <=> AND, OR, or LI KE operators may be used in expressions in the
output column list (to the left of the FROM) in SELECT statements. For example:

nysqgl > SELECT col 1=1 AND col 2=2 FROM ny_t abl e;
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e The LAST | NSERT | D() function returns the most recent AUTO | NCREMVENT value. See
Section 12.15, “Information Functions”.

e LI KE is permitted on numeric values.
e The REGEXP and NOT REGEXP extended regular expression operators.

e CONCAT() or CHAR() with one argument or more than two arguments. (In MySQL Server, these
functions can take a variable number of arguments.)

e The BI T_COUNT( ), CASE, ELT(), FROM DAYS() , FORVAT(), | F(), MD5(), PERI OD_ADI(),
PERI OD_DI FF(), TO_DAYS() , and VEEKDAY( ) functions.

e Use of TRI M) to trim substrings. Standard SQL supports removal of single characters only.

« The GROUP BY functions STD(), BI T_OR(), BI T_AND(), Bl T_XOR() , and GROUP_CONCAT() . See
Section 12.19, “Aggregate Functions”.

1.8.2 MySQL Differences from Standard SQL

We try to make MySQL Server follow the ANSI SQL standard and the ODBC SQL standard, but MySQL
Server performs operations differently in some cases:

» There are several differences between the MySQL and standard SQL privilege systems. For example, in
MySQL, privileges for a table are not automatically revoked when you delete a table. You must explicitly
issue a REVOKE statement to revoke privileges for a table. For more information, see Section 13.7.1.8,
“REVOKE Statement”.

e The CAST() function does not support cast to REAL or Bl G NT. See Section 12.10, “Cast Functions and
Operators”.

1.8.2.1 SELECT INTO TABLE Differences

MySQL Server doesn't support the SELECT ... | NTO TABLE Sybase SQL extension. Instead, MySQL
Server supports the | NSERT | NTO ... SELECT standard SQL syntax, which is basically the same thing.
See Section 13.2.7.1, “INSERT ... SELECT Statement”. For example:

I NSERT I NTO tbl _tenp2 (fld_id)

SELECT thbl _tenpl.fld_order _id
FROM t bl _tenpl WHERE tbl _tenpl.fld _order_id > 100;

Alternatively, you can use SELECT ... | NTO OUTFI LE or CREATE TABLE ... SELECT.

You can use SELECT ... | NTOwith user-defined variables. The same syntax can also be used inside
stored routines using cursors and local variables. See Section 13.2.13.1, “SELECT ... INTO Statement”.

1.8.2.2 UPDATE Differences

If you access a column from the table to be updated in an expression, UPDATE uses the current value of
the column. The second assignment in the following statement sets col 2 to the current (updated) col 1

value, not the original col 1 value. The result is that col 1 and col 2 have the same value. This behavior
differs from standard SQL.

UPDATE t1 SET coll = coll + 1, col2 = col 1;

1.8.2.3 FOREIGN KEY Constraint Differences
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The MySQL implementation of foreign key constraints differs from the SQL standard in the following key
respects:

« If there are several rows in the parent table with the same referenced key value, | nnoDB performs a
foreign key check as if the other parent rows with the same key value do not exist. For example, if you
define a RESTRI CT type constraint, and there is a child row with several parent rows, | nnoDB does not
permit the deletion of any of the parent rows.

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

* Inan SQL statement that inserts, deletes, or updates many rows, foreign key constraints (like unique
constraints) are checked row-by-row. When performing foreign key checks, | nnoDB sets shared row-
level locks on child or parent records that it must examine. MySQL checks foreign key constraints
immediately; the check is not deferred to transaction commit. 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. This means that it is not possible to delete a row that refers to itself
using a foreign key.

* No storage engine, including | nnoDB, recognizes or enforces the MATCH clause used in referential-
integrity constraint definitions. Use of an explicit MATCH clause does not have the specified effect, and it
causes ON DELETE and ON UPDATE clauses to be ignored. Specifying the MATCH should be avoided.

The MATCH clause in the SQL standard controls how NULL values in a composite (multiple-column)
foreign key are handled when comparing to a primary key in the referenced table. MySQL essentially
implements the semantics defined by MATCH SI MPLE, which permits a foreign key to be all or partially
NULL. In that case, a (child table) row containing such a foreign key can be inserted even though it does
not match any row in the referenced (parent) table. (It is possible to implement other semantics using
triggers.)

» MySQL requires that the referenced columns be indexed for performance reasons. However, MySQL
does not enforce a requirement that the referenced columns be UNI QUE or be declared NOT NULL.

A FOREI GN KEY constraint that references a non-UNI QUE key is not standard SQL but rather an
| nnoDB extension. The NDB storage engine, on the other hand, requires an explicit unique key (or
primary key) on any column referenced as a foreign key.

The handling of foreign key references to nonunique keys or keys that contain NULL values is not well
defined for operations such as UPDATE or DELETE CASCADE. You are advised to use foreign keys that
reference only UNI QUE (including PRI MARY) and NOT NULL keys.

» For storage engines that do not support foreign keys (such as Myl SAM), MySQL Server parses and
ignores foreign key specifications.

* MySQL parses but ignores “inline REFERENCES specifications” (as defined in the SQL standard) where
the references are defined as part of the column specification. MySQL accepts REFERENCES clauses
only when specified as part of a separate FORElI GN KEY specification.

Defining a column to use a REFERENCES t bl _nane(col _nane) clause has no actual effect and
serves only as a memo or comment to you that the column which you are currently defining is intended
to refer to a column in another table. It is important to realize when using this syntax that:
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* MySQL does not perform any sort of check to make sure that col _nane actually exists int bl _nane
(or even that t bl _nane itself exists).

¢ MySQL does not perform any sort of action on t bl _namne such as deleting rows in response to
actions taken on rows in the table which you are defining; in other words, this syntax induces no ON
DELETE or ON UPDATE behavior whatsoever. (Although you can write an ON DELETE or ON UPDATE
clause as part of the REFERENCES clause, it is also ignored.)

« This syntax creates a column; it does not create any sort of index or key.

You can use a column so created as a join column, as shown here:

CREATE TABLE person (
id SMALLI NT UNSI GNED NOT NULL AUTO_| NCREMENT,
name CHAR(60) NOT NULL,
PRI MARY KEY (i d)

IE

CREATE TABLE shirt (
id SVALLI NT UNSI GNED NOT NULL AUTO | NCREMENT,
style ENUM't-shirt', 'polo', 'dress') NOT NULL,
color ENUM'red', 'blue', 'orange', 'white', 'black') NOT NULL,
owner SMALLI NT UNSI GNED NOT NULL REFERENCES person(id),
PRI MARY KEY (i d)

IE

I NSERT | NTO person VALUES (NULL, 'Antonio Paz');

SELECT @ast := LAST_I NSERT I DX();

I NSERT | NTO shirt VALUES

(NULL, 'polo', 'blue', @ast),

(NULL, 'dress', '"white', @ast),

(NULL, "t-shirt', 'blue', @ast);

I NSERT | NTO person VALUES (NULL, 'Lilliana Angel ovska');

SELECT @ast := LAST_I NSERT I DX();

I NSERT | NTO shirt VALUES

(NULL, 'dress', 'orange', @ast),

(NULL, '"polo', 'red', @ast),

(NULL, 'dress', 'blue', @ast),

(NULL, "t-shirt', "white', @ast);

SELECT * FROM per son;

dhecccodmcoccccoccccccoocoococoo +
| id | name |
dhecccodmcoccccoccccccoocoococoo +
| 1| Antonio Paz |
| 2| Lilliana Angel ovska |
dhecccodmcoccccoccccccoocoococoo +

SELECT * FROM shirt;

drmccodmococcoooo dhmcccccoo drmccccoo +
| id | style | color | owner |
drmccodmococcoooo dhmcccccoo drmccccoo +
| 1| polo | blue | 1|
| 2| dress | white | 1|
| 3| t-shirt | blue | 1|
| 4 | dress | orange | 2 |
| 5| polo | red | 2 |
| 6 | dress | blue | 2 |
| 7| t-shirt | white | 2 |
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SELECT s.* FROM person p INNER JON shirt s
ON s.owner = p.id

WHERE p. nanme LIKE 'Lilliana%
AND s.color <> "white';

o ee e e e e +---ee- oo +---e-- +
| id| style | color | owner |
o ee e e e e +---ee- oo +---e-- +
| 4 | dress | orange | 2 |
| 5| polo | red | 2 |
| 6| dress | blue | 2 |
o ee e e e e +---ee- oo +---e-- +

When used in this fashion, the REFERENCES clause is not displayed in the output of SHOW CREATE
TABLE or DESCRI BE:

SHOW CREATE TABLE shirt\G

EEEEEEEEEEEEEEEEEEEEEEEESESESE] 1 r ow R R R R R EEEEEEEEEEEEEEEEESESESE]

Tabl e: shirt

Create Tabl e: CREATE TABLE “shirt® (

“id smallint(5) unsigned NOT NULL auto_increnent,

“style’ enun('t-shirt','polo',"'dress') NOT NULL,

“color® enun('red','blue','orange', ' white','black') NOTI NULL,
“owner® smallint(5) unsigned NOT NULL,

PRI MARY KEY ("id")

) ENG NE=My| SAM DEFAULT CHARSET=ut f 8nb4

For information about foreign key constraints, see Section 13.1.20.5, “FOREIGN KEY Constraints”.
1.8.2.4'--" as the Start of a Comment

Standard SQL uses the Csyntax/* this is a coment */ for comments, and MySQL Server
supports this syntax as well. MySQL also support extensions to this syntax that enable MySQL-specific
SQL to be embedded in the comment, as described in Section 9.7, “Comments”.

Standard SQL uses “- - " as a start-comment sequence. MySQL Server uses # as the start comment
character. MySQL Server also supports a variant of the - - comment style. That is, the - - start-comment
sequence must be followed by a space (or by a control character such as a newline). The space is required
to prevent problems with automatically generated SQL queries that use constructs such as the following,
where we automatically insert the value of the payment for paynent :

UPDATE account SET credit=credit-paynent

Consider about what happens if paynent has a negative value such as - 1:

UPDATE account SET credit=credit--1

credit--1isavalid expression in SQL, but - - is interpreted as the start of a comment, part of the
expression is discarded. The result is a statement that has a completely different meaning than intended:

UPDATE account SET credit=credit

The statement produces no change in value at all. This illustrates that permitting comments to start with - -
can have serious consequences.

Using our implementation requires a space following the - - for it to be recognized as a start-comment
sequence in MySQL Server. Therefore, credi t - - 1 is safe to use.

1.8.3 How MySQL Deals with Constraints
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MySQL enables you to work both with transactional tables that permit rollback and with nontransactional
tables that do not. Because of this, constraint handling is a bit different in MySQL than in other DBMSs. We
must handle the case when you have inserted or updated a lot of rows in a nontransactional table for which
changes cannot be rolled back when an error occurs.

The basic philosophy is that MySQL Server tries to produce an error for anything that it can detect while
parsing a statement to be executed, and tries to recover from any errors that occur while executing the
statement. We do this in most cases, but not yet for all.

The options MySQL has when an error occurs are to stop the statement in the middle or to recover as well
as possible from the problem and continue. By default, the server follows the latter course. This means, for
example, that the server may coerce invalid values to the closest valid values.

Several SQL mode options are available to provide greater control over handling of bad data values

and whether to continue statement execution or abort when errors occur. Using these options, you can
configure MySQL Server to act in a more traditional fashion that is like other DBMSs that reject improper
input. The SQL mode can be set globally at server startup to affect all clients. Individual clients can

set the SQL mode at runtime, which enables each client to select the behavior most appropriate for its
requirements. See Section 5.1.11, “Server SQL Modes”.

The following sections describe how MySQL Server handles different types of constraints.

1.8.3.1 PRIMARY KEY and UNIQUE Index Constraints

Normally, errors occur for data-change statements (such as | NSERT or UPDATE) that would violate
primary-key, unique-key, or foreign-key constraints. If you are using a transactional storage engine such
as | nnoDB, MySQL automatically rolls back the statement. If you are using a nontransactional storage
engine, MySQL stops processing the statement at the row for which the error occurred and leaves any
remaining rows unprocessed.

MySQL supports an | GNORE keyword for | NSERT, UPDATE, and so forth. If you use it, MySQL ignores
primary-key or unique-key violations and continues processing with the next row. See the section for the
statement that you are using (Section 13.2.7, “INSERT Statement”, Section 13.2.17, “UPDATE Statement”,
and so forth).

You can get information about the number of rows actually inserted or updated with the nysql _i nfo() C
API function. You can also use the SHON WARNI NGS statement. See mysql_info(), and Section 13.7.7.44,
“SHOW WARNINGS Statement”.

| nnoDB and NDB tables support foreign keys. See Section 1.8.3.2, “FOREIGN KEY Constraints”.

1.8.3.2 FOREIGN KEY Constraints

Foreign keys let you cross-reference related data across tables, and foreign key constraints help keep this
spread-out data consistent.

MySQL supports ON UPDATE and ON DELETE foreign key references in CREATE TABLE and ALTER
TABLE statements. The available referential actions are RESTRI CT, CASCADE, SET NULL, and NO
ACTI ON (the default).

SET DEFAULT is also supported by the MySQL Server but is currently rejected as invalid by | nnoDB.
Since MySQL does not support deferred constraint checking, NO ACTI ONis treated as RESTRI CT. For the
exact syntax supported by MySQL for foreign keys, see Section 13.1.20.5, “FOREIGN KEY Constraints”.

MATCH FULL, MATCH PARTI AL, and MATCH SI MPLE are allowed, but their use should be avoided,
as they cause the MySQL Server to ignore any ON DELETE or ON UPDATE clause used in the same
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statement. MATCH options do not have any other effect in MySQL, which in effect enforces MVATCH SI MPLE
semantics full-time.

MySQL requires that foreign key columns be indexed; if you create a table with a foreign key constraint but
no index on a given column, an index is created.

You can obtain information about foreign keys from the Information Schema KEY COLUMN_USAGE table.
An example of a query against this table is shown here:

nysql > SELECT TABLE SCHEMA, TABLE NAME, COLUMN _NAME, CONSTRAI NT_NAVE
> FROM | NFORVMATI ON_SCHEMA. KEY_COLUWN_USAGE
> WHERE REFERENCED TABLE SCHEMA | S NOT NULL;

L LT e L E T LT +
| TABLE_SCHEMA | TABLE NAVE | COLUMN NAME | CONSTRAI NT_NAME |
L LT