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Chapter 23. MySQL Architecture

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

Name a utility program that accesses database tables directly, without communicating with the server.
Why do you have to use this type of program with extra care?

Question 2:

Name two character-based programs and two graphical programs that access tables by communicating
with the server.

Question 3:

Consider the following list of ways to connect to the MySQL server. Which are operating system-de-
pendent? Which will work only for connections to the local server, and which will also work for remote
connections to aremote server?

a TCPIP

b. ODBC

c. Shared memory

d. Named pipe

e.  Unix socket file

Question 4:
MySQL uses atwo-tier processing model. What are those two tiers?
Question 5:

Which of the following are implications that arise out of MySQL's two-tier model?

a. Someindex types are available only for particular storage engines.

b. Tran&actions that consist of more than one SQL statement are available only for particular storage
engines.

Question 6:

For what kinds of files and directories does MySQL use disk space?

Question 7:

For what kinds of information does the MySQL server allocate memory?

Answersto Exercises
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Answer 1.

nyi santhk isone example of a utility program that accesses table data directly. Y ou have to take care
when using programs that access tables directly, which usually means you have to make sure that the
server won't access those tables at the same time. If two or more programs access the same tables at the
same time, this could lead to incorrect results or even table damage.

Answer 2:

nmysqgl and nysql i nport are two examples of programs that access tables by communicating with
the server. MySQL Query Browser and MySQL Administrator are graphical tools that communicate
with the server and access tables that way.

Answer 3:

Shared memory and named pipes are available only under Windows, and Unix socket files are available
only under Unix-like operating systems. TCP/IP is not operating system-dependent. ODBC is not oper-
ating system-dependent in itself, but is available for MySQL only on operating systems where MySQL
Connector/ODBC is supported. Any of the connection methods can be used to connect to a local server.
TCP/IP and ODBC can be used to connect to aremote server.

Answer 4:

MySQL has an upper tier that includes the SQL parser and the optimizer. The lower tier comprises a set
of storage engines such as Myl SAMor | nnoDB.

Answer 5:

Some index types, for example FULLTEXT or SPATI AL, are available only for the Myl SAM storage
engine. This means that you cannot create those index types for other storage engines; in other words:
Y ou cannot use the FULLTEXT and SPATI AL keywords in an SQL statement like CREATE TABLE or
ALTER TABLE for a storage engine other than Myl SAM (If you do, you get an error.)

It doesn't make sense to use some SQL statements for storage engines that don't support the concepts
which those statements are for. For example, you might use the transactional commands COMM T and
ROLLBACK for Myl SAMtables (without getting an error), but they make sense only for storage engines
that support multi-statement transactions, like | nnoDB.

Apart from SQL statements that refer to properties or behavior of particular storage engines, SQL state-
ments generally are not bound to particular storage engines.

Answer 6:

MySQL uses disk space to store the following:

» The server and client programs, and their libraries
e Logfilesand status files
e Databases

e Tableformat (. f r m) files for al storage engines, and data files and index files for some storage en-
gines

* |1 nnoDB tablespace files (if the | nnoDB storage engine is enabled)

» Internal temporary tables that have crossed the size threshold for being converted from in-memory
tables to on-disk tables
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Answer 7.

MySQL allocates memory for the following:

» Connection handlers (every connection uses memory)
+ Buffersand caches
* A copy of the grant tables

* Internal temporary tables that are below the size threshold for being converted from in-memory
tables to on-disk tables

* The host cache and the table cache
* Thequery cache

» MEMORY table contents (note that each MEMORY table also requires disk space to storeits. f r mfile)




Chapter 24. Starting, Stopping, and
Configuring MySQL

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

How would you start the server so that it logs errors? How do you access the information in the error
log?

Question 2:

What's the explanation for the following error?

ERROR 1251: dient does not support authentication protocol
requested by server; consider upgrading MySQL client
Question 3:

How would you start the server so that it logs two things. queries that take longer than 10 seconds to
perform and queries that use no indexes? How can you access the information logged this way?

Question 4:

How would you start the server so that it logs all operations that change data in tables? How can you ac-
cess the information logged this way?

Question 5:

Asther oot login user on a Linux host, how can you start the MySQL server so that it doesn't run as
r oot , without having to log in as another user? How can you make sure that the server will always run
as auser different fromr oot ?

Question 6:

Suppose that you used RPM files on a Linux host to install the MySQL server and clients. Can you start
working with MySQL right away, or are there any further steps you must perform first?

Question 7:

After installing MySQL on Linux from at ar file, the server cannot be started. Looking in the error log,
you find that the server wrote this error message before terminating: Can't find file:

".Inysqgl/host.frm (errno: 13).What isthe reason for thiserror, and how could you solve
the problem?

Question 8:

Name some reasons why you would compile MySQL from source, rather than using a binary distribu-
tion provided by MySQL AB.

Question 9:

Y ou want to see the errors reported by the server at startup. Under Windows, how would you direct that
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output to your terminal rather than to the error log?
Question 10:

Y ou want to see the errors reported by the server at startup. Under Unix, how would you direct that out-
put to your terminal rather than to the error log?

Question 11:

Suppose that you want to use an option file for the server. The fileisnamed nmy_confi g. i ni andis

located inthe C: \ Pr ogr amme\ MySQ.\ MySQL Server 5. 0 directory.

a  How would you instruct the server to read that option file when you start it from the command line?

b. How would you instruct the server to read that option file when you install a Windows service that
starts the server?

Question 12;

To enable support for named time zones, what do you have to do?

Question 13:

What must you do to make the server behave more like other “traditional” database servers? What is the
effect of altering the server's behavior that way?

Question 14:

After installing MySQL, the server fails to start properly. How can you find out what prevented the serv-
er from starting?

Question 15:
What options are mandatory for the server to be able to start? How could you specify these options?
Question 16:

Suppose that the MySQL installation directory is C: \ Pr ogr amme\ MySQ.\ MySQL Server 5.0.
How do you let the server know this when it starts? Isit necessary to specify that directory at all?

Answers to Exercises

Answer 1:

On Windows, the server logs errors to afile by default. Y ou need do nothing to enable the error log. If
you want to indicate a gspecific filename for the log, start the server with the
--log-error=fil e_namne option.

On Unix, the server writes errors to the standard error output. Normally, this is the terminal. You can
write error output to a given file instead by starting the server with the - -1 og- error=fil e_nane
option.

To see the error log, look for afile with an . er r suffix in the data directory (unless you've specified a
filename of your own). The error log is written in text format and can be viewed using any program that
displaystext files. It can also be viewed using MySQL Administrator.

Answer 2:
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Servers for MySQL 4.1 and up use an authentication mechanism that is more secure and provides better
passwords than in older versions. However, client programs from older versions do not understand this
mechanism and an error occurs when they attempt to connect to a newer server, unless it has been con-
figured to support accounts that have old-format passwords.

Answer 3:

To log slow queries, enable the slow query log by starting the server withthe - - | og- sl ow queri es
option. This logs queries that take a long time to perform. By default, “a long time” is defined as 10

seconds. Using the --1o0g-queries-not-using-indexes option in addition to the -
-1 0g- sl ow quer i es option instructs the server to also write queries that use no indexes to the slow

query log.

The dlow query log isin text format and can be viewed with any program that displays text files.

Answer 4:

Enable the binary log by starting the server with the - - | 0g- bi n option. The server writes to this log
all statements that modify data. Its contents are in binary format, but can be viewed using the nysql -
bi nl og program.

Answer 5:

To start the server so that it runsasuser mysql , you can start it with a- - user option like this:

shel I > nmysqgl d --user=nysql

Thenysql d_saf e script also acceptsa- - user option. To make sure that the server will always start

as that user, put the option in an option file (for example, / et ¢/ ry. cnf ):

[ nysql d]
user =nysql

Answer 6:

The RPM installation gives you a MySQL system that is ready to work with, if no problems occurred
during the installation procedure:

 Thenysql loginand group accounts are created

» TheMySQL server and al client programs are installed

e Thedatadirectory isset up

» Thegrant tables are set up and initialized

e The startup script isregistered

 TheMySQL server is started

However, the initial MySQL accounts stored in the grant tables have no passwords and should be modi-
fied to make MySQL secure.

Answer 7:

The error message indicates that the grant tables were not installed. The server tries to read the grant

8



Starting, Stopping, and Configuring MySQL

tables at startup, and if they aren't present, it reports an error for the first table file it doesn't find
(host . frm). This can occur if the grant tables do not exist or if they exist but the server cannot read
them. If the tables do not exist, run the nysql _i nst al | _db script to create them. If the grant tables
exist, make sure that their ownership and access permissions allow the server to read them.

Answer 8:

Reasons why you might choose to compile MySQL yourself using a source distribution include the fol-
lowing:

» Thereisno binary distribution available for your platform.

* You need to enable afeature that is not availablein any of the precompiled distributions.

* You want to disable an unneeded feature to produce a server that uses less memory.

* You want to run a server built from the current development source.

Answer 9:
Under Windows, start the server with the - - consol e option:

shel I > mysqgl d --consol e

Answer 10:

Under Unix, start the server directly (that is, without using a startup script such as nysql d_saf e or
nysql . server):

shel I > mysql d

The server will send its diagnostics to the standard error output (normally your terminal).

Answer 11:

a  Start the server from the command line like this:

shel | > nysqgl d

--defaults-file="C \Programe\ MySQ.\ MySQ. Server 5.0\ny_config.ini"
b. Install the server as aWindows service from the command line like this:

shel Il > nmysqgld --install MySQ
--defaults-file="C \Programe\ MySQ.\ MySQ. Server 5.0\ny_config.ini"

Each command shown is displayed on multiple lines, but should be entered using asingle line.
Answer 12:
The way to enable named time zones depends on the operating system of the host on which the server is

running. If the operating system provides its own time zone files, you can load them using the
nysql _tzinfo_to_sqgl program; for example, like this:
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shel | > nmysql _tzinfo_to_sqgl /usr/share/zoneinfo | nysql -u root mnysql

If the operating system doesn't provide those files, you can download already populated time zone My -
| SAM tables from the MySQL web site, and copy these over the empty time zone tables that are in-
stalled by default inthenysql database. The server should be stopped when you do this.

Before you can populate the time zone tables on Unix, you should make sure that the time zone tables in
the nysql database exist. Those tables are, among others, installed by invoking the
nysql _i nstal | _db script. That script is either invoked explicitly, or implicitly for installation using
RPM files.

Answer 13:

You can start the server using the - - sql - mrode=TRADI Tl ONAL option. Y ou might do this to run the
server with a mode that is more careful about accepting invalid data or creating MySQL user accounts.
Once enabled, the server enforces restrictions on input data values that are like other (more “traditional”)
database servers, rather than MySQL 's more forgiving behavior. It also will not allow new user accounts
to be created with the GRANT statement unless a password is specified.

Answer 14:

Look in the error log, which is where the server writes error messages indicating why it couldn't start.

The error log is located in the data directory and is named host _nane. err, where host _nane is

the name of the machine on which the MySQL server is running. (If you've specified a filename of your

own for the error log file, look for afile of that name.) Another way to see error messages is to send

them to the console:;

»  On Windows, invoke the server at the command line with the - - consol e option.

e On Unix, invoke nmysql d directly (without using nysql d_saf e) and without specifying the -
-l og-error=fil e_namne option.

Answer 15:

The server may be started without specifying any options. If you want to override the built-in default
values, you would specify options either on the command line or in an option file.

Answer 16:

You can specify the installation directory either on the command line when starting the server, or in an
option file. From the command line, issue this command:

shel I > mysqgl d --basedi r="C:\ Programe\ M\ySQ.\ \ySQL Server 5.0"

In an option file, specify the location like this:

[nysqld]
basedi r="C:/ Progranme/ MySQL/ MySQ. Server 5.0"

You have to specify that installation directory in either of those ways, because otherwise the server as-
sumes that it'sinstalled in its default location, which for WindowsisC: \ mysql .

10



Chapter 25. Client Programs for DBA
Work

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

Which MySQL client programs allow you to create a database? Which programs allow you to drop a
database?

Question 2:

Which MySQL client programs allow you to create a table? Which programs allow you to drop atable?
Question 3:

Which MySQL client programs allow you to find out which clients are connected to the server? Which
programs allow you to kill clients? If there are character-based programs for this, what would the com-
mands be for displaying and killing connections?

Question 4:

Which MySQL client programs allow you to restart the server? Are there limitations, for example, do
you have to run the client program on the same host as the server?

Question 5:

Which MySQL client programs allow you to find out whether the server is running? Can you get that in-
formation for both local and remote servers?

Question 6:

Which MySQL client programs allow you to stop the server? Are there limitations, for example, do you
have to run the client program on the same host as the server? Are there any platform dependencies?

Question 7:

Which client or utility programs can be used to create a database named | andmar ks?
Question 8:

Isthe following statement true?

Y ou can load any files created by mysql dunp withthenysql i nport client program.
Question 9:

Which MySQL client programs allow you to change the contents of the my. cnf or my. i ni option
file?

Question 10:

Which MySQL client programs alow you to change the password of aMySQL user?

11
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Question 11:

Consider the FLUSH PRI VI LEGES SQL statement, which you can issue using nysql . What com-
mand-line program could you use to accomplish the same task? What would the command look like?

Question 12:

Consider the SHOW PROCESSLI ST SQL statement, which you can issue using nmysql . What com-
mand-line program could you use to accomplish the same task? What would the command look like?

Answers to Exercises

Answer 1

Y ou can create and drop databases with mysqgl , mysql adni n, and MySQL Administrator.
Answer 2:

Y ou can create and drop tableswith mysql and MySQL Administrator.

Answer 3:

You can display connected clients and kill clients with mysql , mysqgl adm n, and MySQL Adminis-
trator.

With mysql , you would issue SQL statements like these:
rrysql > SHOW PROCESSLI ST;

| Id | User | Host | db | Coomand | Time | State | Info

+- - - - B - . [ B [ B S —— Fom oo -
| 789 | stefan | art:3828 | NULL | Sleep | 146 | | NULL |
| 792 | stefan | art:2971 | NULL | Query | 0 | NULL | SHOW PROCESSLI ST |
F-- - - B L Jpepep e [ B [ B S, .

2 rows in set (O 00 sec)

nysql > KILL 789;
Query OK, 0 rows affected (0.00 sec)

rrysql > SHOW PROCESSLI ST;

----- T T RSy Uy
| Id | User | Host | db | Coomand | Time | State | Info

+-- - - - Fomm e - R TSR tom e o - Fomm e m e o tom e o - Fom e - T
| 792 | stefan | art: 2971 | NULL | Query | 0 | NULL | SHOW PROCESSLI ST |
S — e i . Fom e e oo

1 rowin set (O. 00 sec)

With nysqgl adm n, you would issue command like these;

shel | > mysqgl admi n processli st
+ +

----------------------- T i S
| Id | User | Host | db | Command | Tine | State | Info |
+-- - - - B - T Fom e e R Fomm oo o e oo +
| 781 | stefan | art: 2616 | | Sleep | 978 | | |
| 786 | stefan | art: 2637 | | Query | O | | show processlist |
+o-m o - R e e T T gy Fommm o B oo +

shel | > nmysqgladmin kill 781
shel | > nysqgl admi n processli st
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| 788 | stefan | art:2637 | | Query | O | | show processli st
+o-m o - R e e T T gy Fommm o B oo

Answer 4:

In general, you cannot restart the server with MySQL client programs. This is usually done either by
starting the server directly or with a script. There is one exception: Y ou can start the server with MySQL
Administrator when it's run on the same host as the server, and when the operating system is Windows.
Answer 5:

You can usethemmysqgl adm n pi ng command to find out if a server is running; that command works
both for local and remote servers. A successful result means that the server is running. An unsuccessful

result might mean that the server is not running, but it might also mean only that the server is unreach-
able due to network problems.

MySQL Administrator reports the server status (both local and remote servers) in the Server | n-
f or mat i on tab. (However, if the server isn't running at the time you try to connect to it using MySQL
Administrator, you will get a Coul d not connect to the specified instance error.
Y ou can then use the Pi ng button to find out if the server host is reachable. Thisis different from what
nysgl adm n does, which pings the MySQL server, not just the host.)

With thenysql client program, if you can connect to the server, you can deduce from that fact that it is
running. There is no other way of finding that out with this program.

Answer 6:

nmysgl adm n can shut down both the local server and remote servers. The program has no platform de-
pendencies.

With MySQL Administrator, you can stop alocal server on Windows if it's running as a Windows ser-
vice. Thisisdone by stopping the Windows service that manages the MySQL server.

Withnysql , you cannot stop a server.
Answer 7:
To create the database from the command line, run nysql adni n:

shel | > mysqgl adnmi n create | andmar ks

Fromwithinthe mysql client, use the CREATE DATABASE statement:
nysqgl > CREATE DATABASE | andmar ks;

With MySQL Administrator, you can create a database in the Cat al ogs tab.

Answer 8:

You can load some but not al files created by mysql dunp with the mysql i nport client program.
The SQL-format files that nysql dunp can produce should be loaded using the mysql program or
MySQL Administrator. However, you can use nmysql i nmport to load data files that were created by
running nysql dunp with the- - t ab option.

Answer 9:

Only MySQL Administrator allows you to edit the my. cnf or ny. i ni option files. This requires that
you run MySQL Administrator on the same host as the server.

13
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Answer 10:

Y ou can change user account passwordswith mysql , nysql admi n, and MySQL Administrator.
Answer 11:

You couldusenysql admi n flush-privil eges toaccomplish the same task.

Answer 12:

You could usenysql adm n processli st toaccomplish the same task.

14



Chapter 26. MySQL Administrator

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

Which of these tasks can be performed by both MySQL Administrator and MySQL Query Browser?

a.  Create databases (schemas)
b. Createtables

c. Modify table records

Question 2:

Y ou want to track the number of temporary tables created by the MySQL server at a given time. How do
you create a custom graph?

Question 3:

What type of backup does MySQL Administrator produce?

Question 4:

Can MySQL Administrator restore SQL dump files created with other tools?
Question 5:

Are changes to startup variablesin MySQL Administrator applied to the server immediately?
Question 6:

Can MySQL Administrator schedule backups?

Question 7:

Can MySQL Administrator back up individual tables?

Question 8:

How can MySQL Administrator support replication?

Question 9:

What log files can MySQL Administrator browse?

Question 10:

Does MySQL Administrator show an entire log file at once?

Question 11:

On Windows, you can use MySQL Administrator to start a server that isn't running. How would you do

15
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that? Could you start servers on any operating system using that method?
Question 12:

Can selective restores be performed? That is, can you restore particular tables from a file that contains a
backup of entire databases?

Question 13;

What is the difference between the threads and user connections displays in the Server Connections sec-
tion?

Question 14:

How many MySQL server instances can the MySQL System Tray Monitor manage?
Question 15:

What actions does the MySQL System Tray Monitor support?

Question 16:

Can you edit a table's structure (columns, indexes, and so forth) in MySQL Administrator, or do you
have to switch to MySQL Query Browser to do this?

Question 17:

MySQL Administrator stores connection profiles in a file named
nysql Xx_user _connecti ons. xm . Which statements about thisfile are true?

a.  Thefile stores connection profiles for MySQL Administrator only.

b. Thefileis platform-specific, but you may copy it (for example, from one Windows machine to an-
other Windows machine).

C. You can edit the file's contents only in the Connection dialog.

d. You can edit the file's contents in the connection editor.

Question 18:

Which statements about the Options dialog are true?

a. You can configure MySQL Administrator-specific options using the Options dialog in MySQL
Query Browser, and the other way around.

b.  You can manage connection profiles for MySQL Query Browser and for MySQL Administrator in
the Options dialog of either tool.

c. You can configure the MySQL Table Editor that is used by both tools in the Options dialog of
either tool.
Answers to Exercises

Answer 1:

16
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Both tools can create databases (schemas) and tables, but only MySQL Query Browser can modify table
records.

Answer 2:

1. Right-click the graph area, choose Add a G oup, and namethe group Tenpor ary t abl es.
2. Right-click within the new group, and choose Add a Gr aph.

3. Choosealinegraph, anduse”[ cr eat ed_t np_t abl es] astheformula

Answer 3:
A text file containing a series of SQL statements, similar to the default output of mysql dunp.
Answer 4:

Possibly, but you must take special care to ensure that the proper character set is selected before restor-
ing.

Answer 5:

No. When you click Appl y Changes the configuration file is modified, and you must restart the serv-
er for changes to take effect.

Answer 6:
Yes, on adaily, weekly, or monthly basis.
Answer 7:

Y es. Choose the schema you want to back up, then uncheck the boxes next to the tables you do not want
to back up.

Answer 8:

The Replication tab of the Startup Variables section can be used to configure replication.

If the slaves have been configured to report themselves to the master (by setting at least the host names
of the dave serversin the Replication tab of the Startup Variables section), you can use the Replication
Status section to track the status of all slaves.

Answer 9:

» Thegenera query log
» Theslow query log

e Theerror log

Answer 10:
It depends. Large log files are paged and you can browse one page at atime.

Answer 11:

17
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On Windows, you can hold down the Ct r | key and select the Ski p button in the Connection dialog.
This causes MySQL Administrator to present its main window in configure-service mode. In the Start/
Stop Servicetab of the Service Control section, you can select the Start Service button to start the server.
Thisis possible only if MySQL Administrator and the server are running on the same machine. It's also
necessary that the server has been configured to run as a Windows service.

Answer 12:

Yes. Load the restorefile, click Anal yze Backup Fil e Cont ent and uncheck the databases and
tables you do not want to restore.

Answer 13:

A single user can have multiple threads. While a user may appear multiple times in the threads tab, a
given user will only appear once on the User Connections tab.

Answer 14:
As many server instances as your operating system supports.
Answer 15:

The MySQL System tray Monitor can start a server instance, stop an instance, and configure an in-
stance.

Answer 16:

Both MySQL Administrator and MySQL Query Browser provide access to the MySQL Table Editor,
which allows you to edit atable's structure. In MySQL Administrator, select the Catalogs section, select
a schema (database), and choose the table you want to edit.

Answer 17:

Only the last statement is true. Connection profiles stored inthenysql x_user _connecti ons. xm
file are shared among various MySQL tools; for example, MySQL Query Browser uses the same in-
formation. The information is stored in plain text (in XML format) and can therefore be used by any
MySQL Administrator (or MySQL Query Browser) installation, independent of the operating system.
The file's contents can be edited using a plain text editor, in the Connection dialog, or in the connection
editor that is accessible viathe Tool s menu.

Answer 18:

The Administrator section appears only when you are running MySQL Administrator, and the Browser
section appears only when you are running MySQL Query Browser. Thus, you cannot configure
MySQL Query Brower-specific options in MySQL Administrator, or the other way around. The other
two statements are true.

18



Chapter 27. Character Set Support

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

To tell the server to use only specific character sets, what would you do?

1. IssueaSET statement likethis:

nmysqgl > SET @@l obal . character_set = latinl, utf8, ucs2;

2. Startthe server with the- - char act er - set option, like this:

shel | > nysqld --character-set = "latinl, utf8, ucs2"
3. Youcando thisonly by compiling the server from source.

Question 2:

Suppose that you plan to store values that all have the same length, using the ucs2 character set. What
data type would be better suited for this, CHAR or VARCHAR?

Question 3:

Suppose that you plan to store values that all have the same length, using the ut f 8 character set. What
data type would be better suited for this, CHAR or VARCHAR?

Answers to Exercises

Answer 1

Y ou can do this only by compiling the server from source.
Answer 2:

CHAR would be suited better because ucs2 stores every character in two bytes. VARCHAR would use an
extralength byte per value.

Answer 3:

VARCHAR would probably be suited better because ut f 8 stores characters in one to three bytes, de-
pending on the kind of character. For the theoretical case that all values you store use three bytes per
character, CHAR would be the better choice because it saves one byte per value (the length byte of
VARCHAR).
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Chapter 28. Locking

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

In principle, what operations must a reader block, and what operations must awriter block?

Question 2:

What are reasons to acquire explicit locks, rather than relying on the server to acquire implicit locks?
Question 3:

Which privileges do you need to lock atable?

Question 4:

What prerequisite must be satisfied for acquiring a READ LOCAL lock?

Question 5:

Normally, a WRI TE lock is acquired when no other clients are using the table. In which way does this
behavior change if you request aLOW PRI ORI TY WRI TE lock?

Question 6:

What locking levels does MySQL have, and what storage engines do those levels apply to?

Question 7:

With locking, deadlocks may occur, but there's one exception. What isit?

Question 8:

In an application, you want to use the advisory locking mechanism provided by MySQL. How would
you implement the following procedure?

1. Check whether theapp | ock lock isfree.

2. Ifit'sfree, get thelock.

3. Releasethelock.

Question 9:

Assume that you've locked the Ci t y table with a READ lock. If you try to select data from the table,
what will happen?

Question 10:

Assume that you've locked the Ci t y table with a READ lock. If you try to insert data into the table,
what will happen?
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Question 11:

Assume that one client has locked the Ci t y table with a READ lock. If a second client tries to insert
datainto the table, what will happen?

Question 12:

The connection with ID 2098 requests a\WRI TE lock on the table Ci t y. However, the connection with
ID 2099 has already obtained a READ lock on the same table. Which of the following statements cor-
rectly describes how the server handles the WRI TE lock request?

a.  TheWRI TE lock request resultsin an error.

b. The server automatically releases the READ lock of connection 2099 and gives connection 2098 a
V\RI TE lock.

C. The server makes the WRI TE lock request of connection 2098 wait until connection 2099 re-
leases its READ lock.

d. Connection 2098 cannot obtain the WRI TE lock as long as connection 2099 has the READ lock,
so the server silently converts the WRI TE lock request by connection 2098 to a READ lock request.

Question 13:

Under what circumstancesis an explicit lock on atable released?

Question 14:

What table or tables will the following statements lock, if any?

mysql > LOCK TABLES City READ; LOCK TABLES Country WRI TE;

Question 15:

Assume that you've locked the Ci t y table with a READ lock. If another client now tries to select data
from the table, what will happen?

Question 16:

Assume that you've locked the Gi t y table with a READ lock. Who can release the lock?

Answer s to Exercises

Answer 1:

A reader must block writers, but not other readers. A writer must block both readers and writers.

Answer 2:

a.  Animplicit lock lasts for the duration of a single query only, which is unsuitable should you want
to perform a multiple-statement update that requires no interference by other clients.

b. Acquiring explicit locks can improve performance over letting the server acquire implicit locks.

The server would acquire locks for each single statement, whereas an explicit lock can be acquired
for agroup of statements.
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c. Acquiring explicit locks can improve performance over letting the server acquire implicit locks be-
cause, for agroup statements that change data, index flushing is reduced.

Answer 3:

You need the LOCK TABLES privilege and the SELECT privilege for each table to be locked.

Answer 4:

The prerequisite is the same for acquiring a READ LOCAL lock as for a READ lock. That is, the table

must not be in use. However, if the locked table is a non-fragmented My | SAMtable, the READ LOCAL

lock differs from a READ lock in that it will allow concurrent inserts by other clients. A READ lock does

not alow concurrent inserts.

Answer 5:

Whilethe LOW PRI ORI TY WRI TE request iswaiting to get its lock, it will allow other clients that re-

guest a READ lock to get their lock. A pending request for a regular WRI TE lock causes READ lock re-

quests that arrive later to wait.

Answer 6:

MySQL implements three locking levels:

1. Tablelevel locking (MyI SAM MEMORY, MERGE storage engines)
2. Page-level locking (BDB storage engine)

3. Row-level locking (I nnoDB storage engine)

Answer 7:
With table-level locking, deadlocks cannot occur.

Answer 8:

mysqgl > SELECT | S_FREE LOCK(' app | ock');
e +

| I'S_FREE_LOCK(' app lock") |
+

1 indicates that the lock is available.

2.
mysqgl > SELECT GET_LOCK(' app | ock', 10);
o +
| GET_LOCK('app lock', 10) |
R L L L L LT +
| 1]
s +

1 indicates that the lock could be acquired within 10 seconds. (In the GET_LOCK() call, 10 is
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timeout value.)

Y ou should check the result of the GET_LOCK() cal evenif | S FREE _LOCK() indicated that
the lock is available because another client might have acquired the lock in the meantime.

3.
mysql > SELECT RELEASE LOCK('app |ock');
o e e o e e e o oo +
| RELEASE_LOCK('app | ock') |
o m e e e e e e e e +
| 1]
e +
1 indicates that the lock was successfully released.
Answer 9:

Y ou acquired the READ lock, so you can read data from the table:

nysqgl > LOCK TABLES City READ;
nysql > SELECT * FROM Cty LIMT 1;

B e [ S —— S o m e oo - +
| ID| name | Country | District | Population |
B B B o m oo - - +
| 1| Kabul | AFG | Kabol | 1780000 |
B S B U Fom e e oo B S +
Answer 10:

Trying to insert data after acquiring a READ lock resultsin an error:
nysqgl > INSERT INTO City (ID, nane) VALUES (10000, 'Test City');

ERROR 1099 (HY000): Table "City' was |ocked with a READ | ock and
can't be updated

Answer 11:

When one client holds a READ lock on a table, attempts by a second client to insert data into the table
resultsin that client waiting for the lock to be released:

nysqgl > INSERT INTO City (1D, name) VALUES (10000, 'Test City');
(not hi ng happens here until the first client rel eases the | ock)

Answer 12:
The WRI TE lock request of connection 2098 waits until connection 2099 releases the READ lock.
Answer 13:

A lock can be released several ways:

*  When the client that acquired the lock issues an UNLOCK TABLES statement.

*  When the client that acquired the lock issues another LOCK TABLES statement (no matter whether
for the same or different tables).
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»  When the client that acquired the lock is terminated (either by ending it normally, or when the client
iskilled by another client).

e Anadministrator can kill aclient connection. This releases locks held by the client.

Answer 14:

Thefirst statement locks table Ci t y, but the lock is released immediately with the next lock request. As
aresult, table Count ry will be locked for read and write requests by other clients. If you want to lock
both tables at the same time, you have to issue this statement:

nysql > LOCK TABLES City READ, Country WRI TE;

Answer 15:

The READ lock that you acquired does not prevent other reads. All other clients can still read data from
the table:

nysql > SELECT * FROM City Iimt 1;

Fomm e R A Fom e ek +
| ID| nane | Country | District | Population |
R R Fommmm e o R SR S +
| 1| Kabul | AFG | Kabol | 1780000 |
T Fommmm e o R TSR S +

Answer 16:

Only the client that acquired the lock can release it. One way to do so is with the UNLOCK TABLES
Statement:

nysql > UNLOCK TABLES;
Query OK, O rows affected

The lock also is released if the client acquires another lock with LOCK TABLES, closes the connection,
or is aborted. (An administrator who has appropriate privileges can abort the connection by using a
Kl LL statement.)
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Chapter 29. Storage Engines

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

How can the Myl SAMstorage engine be disabled?

a  Only when compiling MySQL from source, by using the - - wi t hout - nyi samoption.
b. By starting the server with the - - ski p- myi samoption.

c. By issuing the statement SET GLOBAL have_nyi sam = 0. You need the SUPER privilege to
do this.

d. The Myl SAMstorage engine cannot be disabled.

Question 2:

What do all storage engines have in common?

Question 3:

How can you turn the Myl SAMtable Ci t y into an | nnoDB table?

Question 4:

How can you find out which storage engine is used for thetable Ci t y inthewor | d database?
Question 5:

How can you find out which storage engines are available, which ones are compiled in but disabled, and
which ones aren't compiled in?

Question 6:

With table-level locking, what's the default behavior of the server?

a  Read requests take priority over write requests.

b. Writereguests take priority over read reguests.

Question 7:

For Myl SAMtables, how can you modify the server's default scheduling priorities for read and write re-
quests?

Question 8:

Assume that you have a MERGE table that is a collection of three underlying Myl SAMtables. To lock al
of these tables, what would you have to do?

25



Storage Engines

Question 9:

Which statements are true for | nnoDB tables?

a. Thetablespace consist of one or more files that are either regular files or raw partitions.

b. If I nnoDB is configured to use one tablespace per table, the number of tablespace filesis equal the
number of | nnoDB tables.

Question 10:

What is a transaction?

Question 11:

Can you use transactions that consist of more than one statement if the autocommit mode is enabled?

Question 12:

Give an example of using a savepoint.

Question 13:

What kind of locking methods does Myl SAMuse?

a  Tablelevel locking.
b. Page-level locking.
c. Row-level locking with lock escalation.

d. Row-level locking without lock escalation.

Question 14:

In1 nnoDB, what happens if a deadlock occurs?

Question 15:

How can you set the transaction level to SERI AL| ZE at server startup?

Question 16:

Consider the Myl SAMtable Count r yLanguage in the wor | d database. How would you add a for-

eign key congtraint to the Count r yCode column of that table that references the Code column of the
Count r y table and that should have the following effects?

* If acountry (code) is deleted in the Count ry table, corresponding rows in the Count r yLan-
guage table should also be deleted.

» Changing the country code in the Code column of the Count r y table should be disalowed if there
are corresponding rowsin the Count r yLanguage table.

Question 17:
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Which of the following aternatives correctly describes what the server does when it finds that the disk is
full during an update operation on a Myl SAMtable?

a. It cancelsthe update operation silently.

b. It cancels the update operation with an error message.

c. Itwaitsuntil free space becomes available.

d. It deletesrowsin the table until there's enough free space to complete the operation.

e. It replaces existing rows with the data the update operation would insert or change.

Question 18:

Isthe following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine has its own error log.

Question 19:

Is the following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine uses both its own log files and the MySQL binary log (if enabled).
Question 20:

Isthe following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine uses row-level locking, which provides better query concurrency than
page-level or table-level locking and gives better performance in environments where there are many
reads and writes at the sametime.

Question 21:

Is the following statement about the | nnoDB storage engine true or false?

The SELECT ... FOR UPDATE SQL statement makes sense for a transactional storage engine like
| nnoDB, but not for a non-transactional storage engine like Myl SAM

Question 22:

Where would you set thei nnodb_fl ush_| og _at_trx_conm t option? What will you have to do
after setting it to cause it to take effect??

Question 23:

When specifying a shared tablespace file in a MySQL option file, you normally indicate a fixed size for
it (for example, i bdat a2: 100M. What happens when all tablespace files are full? What could you do
to make tablespace files dynamic? Give an example how you would do that.

Question 24:

Can you have a shared tablespace that uses regular files and raw partitions (device files) at the same
time?

Question 25:
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How can you check the amount of free space available in the | nnoDB tablespace?
Question 26:

Consider the following session listing for one client:

nysql > START TRANSACTI ON;

nysqgl > SELECT * FROM trans;

Enpty set

nysqgl > I NSERT | NTO trans VALUES (1), (2), (3);

Query OK, 3 rows affected

Records: 3 Duplicates: 0 Wrnings: 0

Now, a second client issues the following statements:

nysqgl > SELECT * FROM trans;

How many rows will the second client see if both clients are running with an | nnoDB isolation level of
REPEATABLE READ?

Question 27:

Supposethat Count r yLi st isan | nnoDB table. Consider the following session listing:

nysqgl > SELECT COUNT(*) FROM CountrylLi st;
+

P
| COUNT(*) |
i +
| 192 |
N +

nmysqgl > START TRANSACTI ON;

nysql > DELETE FROM CountrylLi st;

nmysql > SELECT COUNT(*) FROM CountrylLi st;
+

o
| COUNT(*) |
Fomme oo +
| 0 |
e oo +

nysqgl > ROLLBACK;

How many rows will the table have after the ROLLBACK statement has been issued?

Question 28:

Can you undo a ROLLBACK or aCOVM T? If so, how would you do that?

Question 29:

Suppose that a client isin the middle of performing atransaction. How does the server handle the trans-
action under the following conditions:

a. Theclient loses the connection before ending the transaction.

b. Theclient itself closes the connection before ending the transaction.

Question 30:
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Are there circumstances under which an | NSERT LOW PRI ORI TY statement might never be per-
formed?

Question 31:

According to the following session listing, it appears that the SELECT query took longer than two
minutes to execute. What is the most probable reason for that?

nysql > | NSERT DELAYED INTO City (1D, nane) VALUES (20000, 'Del ayne');
Query OK, 1 row affected (0.00 sec)
nysql > SELECT I D, nane FROM City WHERE | D = 20000;

+

L +
| ID | nane |
B - B R +
| 20000 | Del ayne |
Fom e - Fomm e e o +

lrowin set (2 mn 5.61 sec)

Question 32

Which of the following statements are true for MEMORY tables?

a  Tablestructure, data, and indexes are held in memory only.
b. They areread-only.
c. They support row-level locking.

d. They have extremely high performance.

Question 33:
What kind of indexes can you use for MEMORY tables?
Question 34:

What statements are true about FEDERATED tables?

a. They don't havea. f r mfile because they're located on aremote server.
b. FEDERATED tables are always |ocated on aremote server.

c. FEDERATED tables do not support transactions.

d. MySQL doesn't use any locking for FEDERATED tables.

e. One of their main benefitis is that they allow for accessing tables from different servers with a
single query.

f. FEDERATED tables are created like any other tables. The storage engine, however, must be given
asENA NE = FEDERATED, and they need a specia string in the COMVENT table option that con-
tains connection information.

Question 35:

What's the difference between “NDB Cluster” and “MySQL Cluster.”?
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Question 36:
What are the two main architectural properties of MySQL Cluster?
Question 37:

Which storage engines are always available, that is, they cannot be disabled at compile time or at
runtime?

Question 38:

How do you disable the | nnoDB storage engine at compile time?
Question 39:

How do you disable the | nnoDB storage engine at server startup?
Question 40:

Name some benefits of the Myl SAMstorage engine.

Question 41.

What row-storage formats does the My I SAMstorage engine support?
Question 42:

Can you create a MERGE table that is a collection of Myl SAMtables that includes both compressed and
uncompressed tables?

Question 43:

Which data-modifying operation can be disabled for MERGE tables?

a. | NSERT operations.
b. UPDATE operations.

c. DELETE operations.

Question 44

What does the acronym ACI D stand for?
Question 45:

What does the term implicit commit mean?
Question 46:

What kind of locking methods does | nnoDB use?

a. Table-level locking.
b. Page-level locking.

c. Row-level locking with lock escalation.
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d. Row-level locking without lock escalation.

Question 47:
In1 nnoDB, how can you lock rows of the Ci t y table with a SELECT statement?
Question 48:

Suppose that you want a table to include a column that has a FULLTEXT index. What storage engines
could you use?

Question 49:
Which SQL statements tell you what storage engine a given table myt abl e has?
Question 50:

In an application, you expect to have a high number of reads as well as a high number of writes at the
same time. Which storage engine is best suited to handle this?

Question 51

How would you disable the | nnoDB storage engine? Why might you want to do that?
Question 52:

Is the following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine keeps table data and indexes in a shared tablespace.
Question 53;

Is the following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine keepstable definitionsin . f r mfiles.

Question 54:

Is the following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine can use compressed tables.

Question 55:

Is the following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine is multi-versioned, which means that different transactions use different
versions of the data.

Question 56:
Is the following statement about the | nnoDB storage engine true or false?

The | nnoDB storage engine is multi-versioned, which means that all versions of | nnoDB can use the
same datafiles.

Question 57:

Isthe following statement about the | nnoDB storage engine true or false?

31



Storage Engines

Deadlock can occur with the | nnoDB storage engine, unlike with the Myl SAMstorage engine.
Question 58:
Is the following statement about the | nnoDB storage engine true or false?

SELECT ... LIMTisaMySQL extension to standard SQL that cannot be used with the | nnoDB
storage engine.

Question 59:

What is the effect of setting thei nnodb_fl ush | og_at trx_conmit optionto 1 or 0?

Question 60:

By default, an | nnoDB shared tablespace is stored in a single regular file named i bdat al in the
MySQL data directory, but you can configure the tablespace to have more than one component by set-
tingthei nnodb_data_fil e_pat h optioninthe[ mysql d] section of aMySQL option file. What
other kind of file can you use in a tablespace, and what would be the advantage of not using a regular
file?

Question 61

When creating an | nnoDB table, how do you control which tablespace file | nnoDB will use for storing
that table's contents?

Question 62:

For an auto-extending shared tablespace file, how can you prevent it from expanding to use all available
space on the filesystem where it is |ocated?

Question 63:

With | nnoDB, you can create tables that are larger than filesystem limits on maximum file size. Why is
that so? Give an example.

Question 64:

Can an | nnoDB shared tablespace be distributed across different filesystems?

Question 65:

How can you view status information about | nnoDB?

Question 66:

Is the following statement about the | nnoDB rollback mechanism true or false?

I nnoDB usesinformation in its log files to perform rollbacks.

Question 67:

Is the following comment about the | nnoDB rollback mechanism true or false?

| nnoDB uses a data structure called the rollback segment in the | nnoDB shared tablespace to store
transaction undo information. If your operations will require large transactions, you must ensure that the

tablespace is large enough to store that information.

Question 68:

32



Storage Engines

How would you define “multi-versioning” as used by the | nnoDB storage engine?
Question 69:

After the following transaction has been ended with ROLLBACK, what will the contents of the table t
be? Why?

nysql > CREATE TABLE t (i INT) ENG NE = | nnoDB;
nysql > CREATE TABLE t2 (i INT) ENA NE = | nnoDB;
nysql > START TRANSACTI ON;

nysql > INSERT INTOt SET i = 1;

nysql > DROP TABLE t 2;

nysql > ROLLBACK;

Question 70:

Consider the following | nnoDB table and the session listing:

nysql > DESCRI BE CountryLi st;

R i Fom oo R U R +
| Field | Type | Null | Key | Default | Extra |
e Fom ek Fommm o +--o - - Fomm e e e - +
| Code | char(3) | NO | | | |

Nare | char(52) | NO | | | |
| I'ndepYear | smallint(6) | YES | | NULL | |
R o m e e e oo - [ S +- - - - [ S B S —— +

nmysqgl > SELECT * FROM CountrylLi st;
Enpty set (0.00 sec)

nysqgl > SET AUTOCOWM T=0;
mysql > I NSERT | NTO Count ryLi st VALUES(' XXX ,' XLand', 2003) ;
Query OK, 1 row affected (0.00 sec)

nysql > ROLLBACK;

What are the contents of Count ryLi st after the ROLLBACK statement has been issued?
Question 71:

Consider the following | nnoDB table and the session listing:

nysql > DESCRI BE CountrylLi st;

R Fom e e oo +o- - - - - +-- - - - E R Fo-m - - +
| Field | Type | Null | Key | Default | Extra |
R S tom e o - +-- - - - Fomm e m e o Fom e - +
| Code | char(3) | NO | | | |

Nane | char(52) | NO | | | |
| I'ndepYear | smallint(6) | YES | | NULL | |
Foemmamea LT o oo m - I Fommea - +

nysqgl > SELECT * FROM CountrylLi st;
Enpty set (0.01 sec)

nysql > SET AUTOCOWM T=0;
nysql > | NSERT | NTO CountryLi st VALUES(' XXX ,' XLand', 2003);
Query OK, 1 row affected (0.00 sec)

nysqgl > START TRANSACTI ON;
nysqgl > | NSERT | NTO CountrylLi st VALUES(' YYY','YLand', 2004);
Query OK, 1 row affected (0.00 sec)
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nysql > ROLLBACK;

What are the contents of Count r yLi st after the ROLLBACK statement has been issued?
Question 72;

Consider the following | nnoDB table and the session listing:

nysql > DESCRI BE CountrylLi st;

Fom e e R S R +--o oo R Fomm e +
| Field | Type | Null | Key | Default | Extra |
R — e [ +- - - - B S —— B —— +
| Code | char(3) | NO | | | |

Nane | char(52) | NO | | | |
| I'ndepYear | smallint(6) | YES | | NULL | |
e e e e oo B [ F-- - - B U B S, +

nmysqgl > SELECT * FROM CountrylLi st;
Enpty set (0.01 sec)

nysql > SET AUTOCOWM T=0;

nysql > START TRANSACTI ON;

nysql > START TRANSACTI ON;

nysql > | NSERT | NTO CountryLi st VALUES(' XXX ,' XLand', 2003);
Query OK, 1 row affected (0.00 sec)

nysqgl > COW T,

nysql > | NSERT | NTO CountryList VALUES(' YYY','YLand', 2004);
Query OK, 1 row affected (0.00 sec)

nysql > ROLLBACK;

What are the contents of Count r yLi st after the ROLLBACK statement has been issued?
Question 73:
Consider the following | nnoDB table and the session listing:

nmysql > DESCRI BE CountrylLi st;

R R S R +-- - - - T R R +
| Field | Type | Null | Key | Default | Extra |
T Fom e S R +-- o - - Fom e - Fom o +
| Code | char(3) | NO | | | |

Nane | char (52 NO |
| I'ndepYear | smallint(6) | YES | | NULL | |
S S Hom e - - +-- - - - B R Fomm - - +

nysqgl > SELECT * FROM CountrylLi st;
Enpty set (0.01 sec)

nysqgl > SET AUTOCOWM T=0;
nysqgl > | NSERT | NTO CountrylLi st VALUES(' XXX ,' XLand', 2003);
Query OK, 1 row affected (0.00 sec)

nysql > | NSERT | NTO CountrylLi st VALUES(' YYY','YLand', 2004);
Query OK, 1 row affected (0.00 sec)

nysql > ROLLBACK;

What are the contents of Count ryLi st after the ROLLBACK statement has been issued?
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Question 74:

You want to use | NSERT to add data to a Myl SAMtable, but you suspect that the table is locked by a
lock request of another client. You're using an interactive client (for example nysql ), so you would
have to wait for that lock to be released before you can continue with your work. How can you solve this
problem, and till insert the data?

Question 75:

Assume that you have a Myl SAMtable that is subject to many read (SELECT) requests. Compared to
the number of reads, you have only afew write (I NSERT) requests taking place. Furthermore, you con-
sider the reads more important than the write requests. What could you do to give read requests priority
over write requests?

Question 76:

Which storage engines are always available in MySQL? Which storage engines support transactions,
and what other storage engines do you know?

Answersto Exercises

Answer 1

The Myl SAMstorage engine cannot be disabled.

Answer 2:

Every table in adatabase has aformat (. f r ) filein the database directory.
Answer 3:

By issuing ALTER TABLE City ENG NE = | nnoDB.

Answer 4:

There are several ways to determine atable's storage engine:

e Use SHOW CREATE TABLE:
mysqgl > SHOW CREATE TABLE world. City\G

kkkkkhkhkhkkhkkkhkhkkhkikikhkkhkkkkhkkikikikhki*k 1. rOW kkkkkhkhkhkkhkkkhkhkkhkhkikhkkhkkkkhkkikikhkhk*k
Table: Cty
Create Table: CREATE TABLE "City  (
“ID int(11) NOT NULL auto_increnent,
“Nanme® char (35) NOT NULL default '',
“CountryCode’ char(3) NOT NULL default "',
"District’™ char(20) NOT NULL default '',
“Popul ation® int(11) NOT NULL default '0Q',
PRI MARY KEY ("1D)
) ENG NE=Myl SAM DEFAULT CHARSET=Il ati nl

* UseSHOW TABLE STATUS:

mysqgl > USE wor |l d; SHOW TABLE STATUS LIKE 'City'\G
Dat abase changed
EE R R b b b b b b b I b S I S 1 rOW EE R R b b b b b b b S b S b S S o
Nane: City
Engi ne: Myl SAM
Version: 10
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Row format: Fixed
Rows: 4079
Avg_row_| ength: 67
Data_| ength: 273293
Max_data_| ength: 4827858800541171711
I ndex_| ength: 48128
Data free: O
Auto_increnent: 4080
Create_tinme: 2005-06-08 10:51: 03
Updat e_time: 2005-06-08 10:51:03
Check_time: NULL
Collation: latinl swedish ci
Checksum NULL
Create_opti ons:
Conment :

* Usethe TABLES tableinthe | NFORMATI ON_SCHEMA database:

nysqgl > SELECT TABLE NAME, ENG NE FROM | NFORMVATI ON_SCHENA. TABLES
-> VWHERE TABLE_SCHEMA = 'world'" AND TABLE NAME = 'City';

RS R R +
| Gty | Myl SAM |
Fom e e - Fom e e - - +
Answer 5:

By issuing the SHOWV ENG NES statement. The result of the statement consists of three column (of
which two are displayed here):

R RS +
| Engine | Support |
L R SR +

M/l SAM DEFAULT

HEAP YES

MEMORY YES

MERGE YES

MRG_MYI SAM | YES

| SAM NO

MRG_| SAM NO

| nnoDB YES

| NNOBASE YES

BDB YES

BERKELEYDB | YES
NDBCLUSTER | DI SABLED

NDB DI SABLED
EXAMPLE YES

ARCHI VE NO

csv YES

FEDERATED YES
BLACKHCLE NO

A vaue of DEFAULT or YES means that the storage engine is compiled in and enabled. A vaue of
DI SABLED means it's compiled in but disabled, and a value of NO means it was not compiled in when
this MySQL server was built. (For each NO engine, the engine could be made available by reconfiguring
and recompiling.)
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Answer 6:
Write requests take priority over read requests.

Answer 7.

» Write requests can be given a lower priority by using the scheduling modifiers LOW PRI ORI TY or
DELAYED. LOW PRI ORI TY isavailable for all statements that change data (such as | NSERT, UP-
DATE, DELETE, and REPLACE). DELAYED is available for | NSERT and REPLACE operations
only.

» Read requests can be given a higher priority by using the scheduling modifier H GH_PRI ORI TY.

Answer 8:
It's sufficient to lock the MERCE table. Thiswill lock all three underlying Myl SAMtables.
Answer 9:

The | nnoDB tablespace consists of at least one file that can be a regular file or a raw partition. The
shared tablespace may contain of more than one file. There is always a shared tablespace, even if | n-
noDB is configured to use on tablespace per table. In that case, the number of tablespace filesis equal to
the number of | nnoDB tables that were created after starting the server with that option, plus at least
one file for the shared tablespace. Tables that were created in the shared tablespace before the option to
use one tablespace per table was enabled will remain in the shared tablespace. There will be exactly the
same number of tablespace files as there are | nnoDB tables if the shared tablespace contains as many
tables as there are shared tablespace files.

Answer 10:
A transaction isalogical grouping of statements that is handled by the database server as a single unit.
Answer 11:

Yes, by starting a transaction with the START TRANSACTI ON statement. Alternatively, you may use
BEG Nor BEG N WORK.

Answer 12:

nysql > START TRANSACTI ON;
Query OK, 0 rows affected (0.00 sec)

nysqgl > UPDATE City SET Nane = 'Kabbul' WHERE Nanme LI KE ' Kab% ;
Query OK, 3 rows affected (0.06 sec)
Rows matched: 3 Changed: 3 Warnings: O

nysql > UPDATE City SET Name = 'Werbelina" WHERE Name LIKE 'Berl %;
Query OK, 1 row affected (0.04 sec)
Rows matched: 1 Changed: 1 Warnings: O

nysqgl > SAVEPO NT end_of city_updates;
Query OK, 0 rows affected (0.00 sec)

nysqgl > UPDATE Country SET Code = 'zzz' WHERE Code = 'deu';
Query OK, 1 row affected (0.00 sec)
Rows matched: 1 Changed: 1 Warnings: O

nmysqgl > ROLLBACK TO SAVEPO NT end_of city_updates;
Query OK, 0 rows affected (0.00 sec)
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nysql > COW T,

Query OK, 0 rows affected (0.29 sec)
Answer 13:

My | SAMuses table-level locking only.

Answer 14:

In most cases, | nnoDB will detect a deadlock. In that case, it terminates one of the deadlocking transac-
tions. When doing this, it tries to roll back the transaction that has modified the smallest humber of
rows. If the deadlock is not detected, the deadlocked transactions eventually begin to time out and | n-
noDB rolls them back asthey do.

Answer 15:
Y ou can put these lines in an option file:

[ nysql d] , .
transaction-isol ati on = SERI ALI ZE

Alternatively, you can give that option on the command line:

shel | > nmysqgl d --transaction-isol ation=serialize

Answer 16:

First of all, you need to change the storage engine from Myl SAMto | nnoDB, for the two tables that are
affected:

nysqgl > ALTER TABLE Country ENG NE = | nnoDB;
Query OK, 239 rows affected (0.08 sec)
Records: 239 Duplicates: 0 Warnings: O

nysqgl > ALTER TABLE CountrylLanguage ENG NE = | nnoDB;
Query OK, 984 rows affected (0.14 sec)
Records: 984 Duplicates: 0 Wrnings: O

Next, you need to specify the foreign key constraint. Note that there is no action specified for UPDATE
operations. This means that updates (changes of existing data) will not be allowed for the Code column
of the referenced table (Count r y).

nysqgl > ALTER TABLE CountrylLanguage
-> ADD FOREI GN KEY (Count ryCode)
-> REFERENCES Country (Code) ON DELETE CASCADE;

Y ou can see that UPDATE operations will fail, while DELETE operations will cascade:

nysqgl > UPDATE Country SET Code = 'XYZ' WHERE Code = ' ABW;
ERROR 1217 (23000): Cannot delete or update a parent row

a foreign key constraint fails

nysql > SELECT * FROM Count ryLanguage WHERE CountryCode = ' ABW;

R R Fom e e oo R +
| CountryCode | Language | IsOficial | Percentage |
Fom e Fom e Fom e Fom e +
| ABW | Dutch | T | 5.3 |
| ABW | English | F | 9.5 |
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| ABW | Papiamento | F
| ABW | Spanish | F |

4 rows in set (0.00 sec)

nysql > DELETE FROM Country WHERE Code = ' ABW;
Query OK, 1 row affected (0.01 sec)

nmysqgl > SELECT * FROM CountrylLanguage WHERE Count ryCode = ' ABW ;
Empty set (0.00 sec)

Answer 17:

The server waits until free space becomes available.

Answer 18:

False. The MySQL error log is used to store errors, but it is not | nnoDB-specific.
Answer 19:

True. | nnoDB records transaction activity in the | nnoDB log, and MySQL records statements for all
storage enginesin the binary log if they modify data.

Answer 20:

True. When there are many reads and writes at the same time, row-level locking provides superior per-
formance than does table-level locking.

Answer 21:

True. SELECT ... FOR UPDATE is used to select a set of rows that you also intend to update. It
makes sense for | nnoDB, which alows individua rows to be locked. It does not make sense for the
My | SAMstorage engine, which locks the entire table even if only some of its rows will be updated.

Answer 22:

Theinnodb_flush | og_at trx_commt setting should be given in the [ mysql d] section of
the MySQL option file, or on the command line. Putting it in the option file is advisable because you
don't have to remember it each time you start the server.

To cause the change to take effect, restart the server.

Answer 23:

When there is no more free space in a fixed size tablespace, | nnoDB rolls back the next statement that
tries to add data. (The application is expected to detect this error and perform a ROLLBACK operation to
roll back the entire transaction.) To avoid running out of space, you can add the aut oext end attribute
to the specification of the last file in the tablespace. For example, to create a tablespace from two
100MB files in the data directory and make the second one auto-extending, you could put something
likethisinyour ny. cnf file:

[ nysql d] , , :
i nnodb_data_file_path = ibdatal: 100M i bdat a2: 100M aut oext end

Answer 24:

Yes. You can use amix of regular files and raw partitions in the same tablespace.
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Answer 25:

Issue a SHOW TABLE STATUS statement that includes output for at least one | nnoDB table. The ap-
proximate amount of available space in the tabl€e's tablespace is displayed in the Corment field for
every | nnoDB table shown in the output. For example:

nysqgl > SHOW TABLE STATUS LIKE 't % ;

R TSR Fomm e - SR +- o +
| Name | Type | Row format | ... | Conmment |
Fomm e e o - Fommmm - o - Fomm e oo - +- m e e e e e e e e o - +

t | I'nnoDB | Conpact | ... ] InnoDB free: 179200 kB |
| test | I'nnoDB | Conpact | ... | I'nnoDB free: 179200 kB |
Foemeeae R . +- R L L T T R T I IRy +

I NnnoDB free space information also is availablein the | NFORMATI ON_SCHENA. TABLES table.
Answer 26:

The second client will see no rows because the first client has not issued a COVM T. If the first client
doesissue a COWM T, the second client then will see the three newly inserted rows.

Answer 27:

The table will haveits original 192 rows. ROLLBACK rolls back the DELETE statement.

Answer 28:

A ROLLBACK cannot be undone. Y ou must repeat your transaction. A COVM T also cannot be undone.
Answer 29:

In either case (whether the connection closes abnormally or normally), the server treats connection ter-
mination asif the client had issued a ROLLBACK statement, so the transaction is rolled back.

Answer 30:

Yes. An | NSERT LOW PRI ORI TY statement waits until there are no read requests or normal-priority

update requests in progress or pending on that table. This includes new requests that arrive while the

| NSERT LOW PRI ORI TY iswaiting. If aserver is so busy that there is never atime when no read re-

guests are in progress or pending, the | NSERT LOW PRI ORI TY might wait forever.

Answer 31:

Most probably there was alock on that table obtained by another client. Only when that other client re-

leased itslock was the | NSERT DELAYED statement performed. After that, the SELECT statement was

performed. With no further information given, you can assume that the lock was in effect for at least 2

minutes and 5 seconds.

Answer 32:

a  False. Although the data and index information is stored in memory, the format (. f r m) file is
stored on disk.

b. False. You caninsert, update, and delete data, just as you can with other tables.

c. False. MEMORY tables use table locking only.

d. True. Thetable's contents are always stored in memory and never need to be read from disk or writ-
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ten to disk.
Answer 33:
» Hashindexes are the default for MEMORY tables. They are very fast but can be used only for compar-

isons that use the = or <=> operator.

» BTREE indexes can also use other comparison operators, such as < or BETV\EEN.

Answer 34:

From the item list in the question, the following two items are false, and the rest are true:

» FEDERATEDtableshavea. f r mfile, just like any other table type.

» FEDERATED tables need not reside on a remote server. They may be located on another server that
runs on the same machine, or they may even be tables from the same server.

Answer 35:

NDB Cluster refers to the cluster technology and is thus specific to the storage engine itself, whereas

MySQL Cluster refersto a group of one or more MySQL servers that works as a“front end” to the NDB

Cluster engine. That is, aMySQL Cluster consists of a group of one or more server hosts, each of which

is usually running multiple processes that include MySQL servers, NDB management processes, and

NDB database storage nodes.

Answer 36:

»  MySQL Cluster isan in-memory database. Table contents are kept in RAM.

« MySQL Cluster is a shared-nothing system. No hardware components are shared between two
nodes.

Answer 37:

Myl SAM MERGE, and MEMORY.

Answer 38:

By compiling from source with the - - wi t hout - i nnodb option.

Answer 39:

By starting the server with the - - ski p-i nnodb option.

Answer 40:

» Hasthe most flexible AUTO | NCREMENT column handling of all storage engines.
» Can be compressed into fast, read-only tables.
e Supports FULLTEXT indexing.
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» Support spatial datatypes.
* Isvery fast for retrievals.
» Deadlock cannot occur.

» Thetable storage format is portable across platforms.

Answer 41:

Fixed-row, dynamic-row, and compressed format.

Answer 42:

Y es. MERCE tables can be created using a mix of compressed and uncompressed Myl SAMtables.
Answer 43:

You can explicitly disable | NSERT operations in the CREATE TABLE ... ENG NE = MERGE
statement. Implicitly, al data-modifying operations are disabled if all underlying Myl SAM tables are
compressed read-only tables.

Answer 44:

Atomicity, consistency, isolation, durability.

Answer 45:

Normally, transactions are commit explicitly with the COVM T statement. Some other statements,
however, commit transactions, too. Examples include DDL statements like ALTER TABLE and CRE-
ATE TABLE, or locking statements like LOCK TABLES and UNLOCK TABLES.

Answer 46:

I nnoDB uses row-level locking without lock escalation. However, you may explicitly lock tables at the
table level with LOCK TABLES.

Answer 47:

Y ou can acquire either a shared lock or an exclusive lock:

e SELECT * FROM City WHERE Nane LIKE 'A% LOCK I N SHARE MODE;

e SELECT * FROM City WHERE Nane LIKE 'A% FOR UPDATE;

Answer 48:
My SAMis the only storage engine that supports FULLTEXT indexing.
Answer 49:

You can use SHONV CREATE TABLE nyt abl e or SHOW TABLE STATUS LI KE ' nytabl e',
or select from the | NFORVATI ON_SCHEMA. TABLES table.

Answer 50:

| nnoDB provides the best concurrency in an environment consisting of mixed reads and writes. Of the
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MySQL storage engines available, it provides the most fine-grained locking (row-level locking), and it
also uses multi-versioning to give each transaction its own view of the database.

Answer 51:

To disable the | nnoDB storage engine, you could either put the setting in a MySQL option file, or start
the server with the appropriate option. In your option file, you would have these lines:

[ nysql d]
ski p-innodb

The preceding is the preferred way to disable the storage engine. To disable it only for the next time the
server starts, you would use the option on the command line rather than putting it in an option file:

shel | > mysqgl d --skip-innodb

Disabling an unneeded storage engine reduces the server's memory requirements because it need not al-
locate buffers and other data structures associated with the engine.

It's also possible to disable the | nnoDB storage engine entirely by compiling the server without it.
Answer 52:

The statement is true for the default | nnoDB configuration. | nnoDB also can be configured to use ata
blespace per table.

Answer 53:

The statement is true.

Answer 54:

False. Compressed tables are a feature of the Myl SAMstorage engine, not of | nnoDB.

Answer 55:

The statement is true.

Answer 56:

False. Multi-versioning means that different transactions use different versions of the data.

Answer 57:

True. Deadlock can occur with | nnoDB because it uses row-level locking and it might determine that
additional locks are necessary during the course of query processing. The Myl SAMstorage engine uses

table-level locking; this cannot lead to deadlock because the server determines all necessary locks before
executing a query.

Answer 58:

Fase. SELECT ... LIMT isaMySQL extension to standard SQL, but it works with all MySQL
storage engines.

Answer 59:
With ani nnodb_flush | og_at trx_conmt setting of 1, | nnoDB writes and flushes the log

buffer to the log files after each commit, making the transaction changes permanent in the database.
With a setting of 0, | nnoDB writes and flushes the log buffer about once a second, but not after each
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commit. It is possible with a setting of 0 for about a second's worth of committed transactions to be lost
if acrash occurs.

Answer 60:

You can specify a raw partition (a device file) for an | nnoDB tablespace. This will avoid a level of
overhead normally incurred when using regular files in a filesystem. Raw partitions also are not bound
by file size limits; | nnoDB can use the entire partition.

Answer 61:

You cannot control that in the default | nnoDB configuration that stores all tables in the shared ta-
blespace. In this case, | nnoDB is free to store table contents anywhere in the tablespace that it finds
available space. It will use any or al filesin the tablespace, if necessary. If you configure | nnoDB to
use per-table tablespaces, contents for a given table are stored in its own tablespace.

Answer 62:

To limit the sizeto which | nnoDB allows an auto-extending file to grow, add a max specifier after au-
t oext end. Todlow i bdat a2 to grow to a maximum of 500MB, configure the tablespace like this:

[nysql d]
i nnodb_data_file_path = i bdatal: 100M i bdat a2: 100M aut oext end: max: 500M

You can aso limit the maximum size of a tablespace file indirectly if your operating system provides a
guota system. Thisinvolves procedures that are not covered in this study guide.

Answer 63:

You can create an | nnoDB shared tablespace from multiple files if you want. Any regular file that is
part of the tablespace is subject to the size limitations of the filesystem, but | nnoDB will store tables us-
ing more than one file if necessary. For example, if your filesystem imposes a limit of 2GB as the max-
imum size of afile, you can create the | nnoDB tablespace from multiple files that are 2GB in size. To
store a table that has 5GB of data, | nnoDB could then use three such files, thus exceeding the filesys-
tem'’s limitation. Another way to overcome file size limitsis to use raw partitions that | nnoDB can ac-
cess directly (that is, not through the filesystem). The size of araw partition that | nnoDB can handlein
a tablespace is constrained only by | nnoDB's internal size limit (4 billion database pages, where each
pageis 16KB by default).

Answer 64

Y es. For example, you could have one tablespace file on a ReiserFS filesystem partition, and another ta-
blespace file on an ext3 filesystem partition.

Answer 65:

The SHOW ENG NE | NNODB STATUS statement displays information about the status of 1 nnoDB.
For example, you can issue the statement using the nysql client program (the output shown here has
been shortened):

nysqgl > SHOW ENG NE | NNOCDB STATUS\ G

kkhkhkkhkhkkhkhkkhkhkhkdhkhkdhdhkhkhrkhkhkhkhkhkdkkdk*x 1 rOW kkhkhkkhkhkkhkhkkhkhkhkdhkhkdkhdhdhhrkhkhkkhkhkhkdkkk*x
St at us:
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OS WAI T ARRAY INFO reservation count 11, signal count 11
Mutex spin waits 9, rounds 160, OS waits 1
RWshared spins 18, OS waits 9; RWexcl spins 1, OS waits 1

Trx id counter 0 244754

Purge done for trx's n:o < 0 244747 undo n:o <0 0

Total number of |ock structs in row |l ock hash table 0

LI ST OF TRANSACTI ONS FOR EACH SESSI ON:

-- - TRANSACTI ON 0 244753, not started, OS thread id 1500
MySQL thread id 2, query id 881 l|ocal host 127.0.0.1 superuser
SHOW ENG NE | NNODB STATUS

FILEI/O
I/Othread 0 state: wait Wndows aio
I/Othread 1 state: wait Wndows aio
I/Othread 2 state: wait Wndows aio
I/Othread 3 state: wait Wndows aio

ding normal aio reads: 0, aio wites: O,

Pe

-3

Answer 66:

False. | nnoDB uses the rollback segment of the tablespace to perform rollbacks.

Answer 67:

True. The rollback segment contains undo information that is used to roll back transactions.

Answer 68:

In 1 nnoDB, multi-versioning means that as transactions modify rows, | nnoDB maintains isolation
between them by maintaining multiple versions of the rows, and makes available to each transaction the
appropriate version of the rowsthat it should see.

Answer 69:

Thetablet will contain the row added by the | NSERT statement:

nysql > SELECT i FROM t;
+

oo oo
| i |
T +
| 1|
T +

The reason for thisis that DROP TABLE is one of the statements that causes an implicit commit of pre-
ceding uncommitted statementsin the transaction.

Answer 70:

Count ryLi st will contain no rows. Setting AUTOCOWMM T to O causes MySQL to treat the following
SQL statements as a transaction. That transaction can be (and was) rolled back. To commit it instead of
rolling it back, you would either have to issue COVM T explicitly or issue another SQL statement that
would commit the transaction implicitly.

Answer 71:

Thetable Count r yLi st will contain the following row:
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nmysqgl > SELECT * FROM CountrylLi st;
+

T I S +
| Code | Nane | IndepYear |
R Fom o T +
| XXX | XLand | 2003 |
Fommm o B e +

The START TRANSACTI ON statement causes an implicit commit of the preceding uncommitted | N-
SERT statement, thus the first row is inserted. The second | NSERT, however, is within a transaction
that is rolled back.

Answer 72:

Thetable Count r yLi st will contain the following row:

------------- S
| Code | Nane | IndepYear |
R Fom o T +
| XXX | XLand | 2003 |
Fommm o B e +

The explanation is not that the session has “nested” transactions. The second START TRANSACTI ON
statement actually commits the first transaction implicitly and starts another transaction. COVM T ends
that transaction. Because the session is not running in autocommit mode, however, the next statement
also begins a new transaction and it is unnecessary to issue an explicit START TRANSACTI ON. As a
result, ROLLBACK rolls back the second | NSERT statement.

Answer 73:

The table Count r yLi st will contain no rows. In non-autocommit mode, everything is regarded as a
transaction that is committed only when a COVMM T statement is issued. Thus, al statements are rolled
back with ROLLBACK.

Answer 74:

You can insert the data using an | NSERT DELAYED statement. This allows you to proceed immedi-
ately. The rows to be inserted will be buffered by the server and added to the table when it becomes free.

Answer 75:

To give read requests higher priority than write requests, you can use either of the following strategies:

* | NSERT DELAYEDwill cause | NSERT statements to wait until there are no more pending read re-
quests on that table.

e SELECT H GH PRI ORI TY will give a SELECT statement priority over write requests.

Answer 76:

MySQL has storage engines that are always available (Myl SAM MERGE, and MEMORY). Transactional
storage engines include | nnoDB and BDB. There are other storage engines like ARCHI VE, FEDER-
ATED, BLACKHOLE, CSV, EXAMPLE, NDB. The deprecated | SAMstorage engine is no longer available
as of MySQL 5.
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Chapter 30. Table Maintenance

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

What is the main difference between mysql check and nyi santhk regarding how they access
tables?

Question 2:

For which storage engines can you use mysql check, and what can you do for each storage engine?
Question 3:

For which storage engines can you use nyi sanchk?

Question 4:

What types of table maintenance operations can you perform, and what SQL statements or tools does
MySQL provide for those operations?

Question 5:

What SQL statement would you use to update a table's index statistics?
Question 6:

What command-line program would you use update a table'sindex statistics?
Question 7:

What is the effect of atable analysis?

Question 8:

What precautions should you observe when analyzing a table?

Question 9:

What does it mean to optimize a Myl SAMtable, and how would you do it?
Question 10:

Which programs or SQL statements can you use to check | nnoDB tables?
Question 11:

Which programs or SQL statements can you use to repair | nnoDB tables?
Question 12:

Using mysgl check, how would you perform the following operations?

a  Check the Count ry tablein thewor | d database.
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b. Repair all tablesin thewor | d database (if necessary).

c. Optimizeal tablesin all databases.

Does all thiswork for all storage engines?

Question 13:

How would you repair the Ci t y tableusing nyi sanchk?

Question 14:

How would you start the server so that it automatically performs a quick recovery of Myl SAMtables?

Answers to Exercises

Answer 1

» mysql check is a client program for the server; it determines which options were given on the
command line, and then sends appropriate SQL statements to the MySQL server to perform the re-
guested operation.

* nyi santhk is not a client program. It performs operations on tables by accessing the table files
directly.

Answer 2:

nysgl check can perform operations on Myl SAMand | nnoDB tables. It can check, repair, analyze,
and optimize Myl SAMtables, and it can check and optimize (but not repair or analyze) | nnoDB tables.

Answer 3:

nyi santhk worksonly for Myl SAMtables.

Answer 4:

The following maintenance operations can be performed on tables. For each kind of operation MySQL
provides an SQL statement (although it should be noted that not all statements work for all storage en-
gines). These statements can aso be called using the mysql check client program or the nyi santhk
program (for Myl SAMtables only). MySQL Administrator provides a graphical wrapper for these SQL
statements, too, with the exception of ANALYZE TABLE.

a  Integrity check of tables. This can be done with the CHECK TABLES SQL statement.

b. Repair tables. This can be done with the REPAI R TABLES SQL statement.

c. Analyzetables. Thiscan be donewith the ANALYZE TABLES SQL statement.

d. Optimizetables. This can be done with the OPTI M ZE TABLES SQL statement.

Answer 5:
Use ANALYZE TABLE to update atable'sindex statistics:

nysqgl > ANALYZE TABLE City;
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Fom e e U ST ST +
| Table | Op | Msg_type | Msg_text |
Fom e e Fomm e e e +
| world.City | analyze | status | XK |
S B R R SR R SR +
Answer 6:

To update a table's statistics from the command line, use either nysql check or nyi santhk:

shel | > mysql check --analyze world City
world.City XK

shel | > nyi sancthk --analyze c:\nysqgl\data\worl d\City. My
Checking Myl SAMfile: c:\nysqgl\data\worl d\City. Myl
Dat a records: 4083 Del et ed bl ocks: 0

- check file-size

- check key del ete-chain

- check record del ete-chain

- check index reference

Answer 7:

The effect of analyzing atable istwofold: A check is performed on the table and the table's index statist-
ics are updated. Analyzing can thus help the query optimizer better process joinsinvolving the table.

Answer 8:
*  When using the ANALYZE TABLE statement or the mysql check program, there are no special
precautions to consider. The server automatically locks the table before performing the analysis.

» Beforeusing nyi sanchk --anal yze, you must ensure that no other program, such as the serv-
er, tries to access the table to be analyzed. One way to do this is to stop the server before you use
nmyi sanchk.

Answer 9:

Optimizing a Myl SAMtable means reclaiming unused space that results when rows are deleted from the
table. Deleted rows can cause wasted space within a table, thus slowing down table reads. To optimize a
My SAMtable, use the OPTI M ZE TABLE statement. For example:

nysql > OPTIM ZE TABLE Gity;

Fom e e T T T +
| Table | Op | Msg_type | Msg_text |
Fom e T R ey +
| world.city | optinmize | status | K |
Fom e ek e Fom e e Fom e e +

Youcanasousenysql check --optim ze.
Answer 10:

To check an | nnoDB table, you can use either of the following:

* TheCHECK TABLE SQL statement
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* Thenysqgl check program

Answer 11:

To repair an | nnoDB table, you cannot use REPAI R TABLE or the nyi santhk program (which, as
its name indicates, is for Myl SAMtables only). The method to use is to dump the | nnoDB table with
nysql dunp and then reload it. (However, in most cases, | nnoDB's auto-recovery feature is sufficient
to repair tables.)

Answer 12:

shel | > nysql check --check world Country

The - - check option doesn't have to be given because it's the default behavior. The command will
work for Myl SAMand | nnoDB tables, but not for MEMORY tables.

b.
shel | > nysql check --repair world
One could also use the additional options - - qui ck or - - f or ce. This command will work for
My | SAMtables only.
C.
shel | > nysql check --optim ze --all-databases
This command will work for Myl SAMand | nnoDB tables, but not for MEMORY tables.
Answer 13:

Before you start, you should make sure that no one accesses the table. This includes the server, so you
should either stop the server or lock the table you're going to repair. Also note that the following com-
mand will only work for Myl SAMtables:

shel | > nyi sanchk --recover City

As an alternative to the - - r ecover option, you could use the - - saf e-r ecover option, which is
much slower.

Answer 14:

Y ou would start the server like this:

shel | > mysqgl d --nyi sam recover =QUI CK

Alternatively, you could put the - - nyi sam r ecover optionin an option file.
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Chapter 31. The | NFORVATI ON_SCHEMA
Database

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

The SHOW VARI ABLES and SHOW STATUS SQL statements provide information about server system
variables and status variables. How can you retrieve that information using the | NFORVA-
TI ON_SCHEMA database?

Question 2:

Using SHOW how can you find out which tables are contained in the | NFORMATI ON_SCHEMA data-
base?

Question 3:

Assume that you want to retrieve the column names (and nothing else) of the Ci t y tablein thewor | d
database. How can you do that using the | NFORMATI ON_SCHENA database, and what is the analogous
SHOWstatement?

Answers to Exercises
Answer 1:

The | NFORVATI ON_SCHEMA database contains metadata only, so the information that SHOW VARI -
ABLES and SHOW STATUS provide cannot be accessed through the | NFORVATI ON_SCHENA data-
base.

Answer 2:
This SHOWSstatement tells you which tables are contained in the | NFORMATI ON_SCHENMA database:

nysql > SHOW TABLES FROM i nf or mati on_scheng,;
o m e e e e e e e e e e e e e aeaa oo +

SCHEMATA

TABLES

COLUWNS

CHARACTER SETS
COLLATI ONS
COLLATI ON_CHARACTER_SET_APPLI CABI LI TY
ROUTI NES

STATI STI CS

VI ENS

USER_PRI VI LEGES
SCHEMA PRI VI LEGES
TABLE_PRI VI LEGES
COLUMN_PRI VI LEGES
TABLE_CONSTRAI NTS
KEY_COLUWN_USAGE
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Answer 3:
Using the | NFORMATI ON_SCHEMA database, you would issue this statement:

nysql > SELECT COLUMN_NAME FROM | NFORVATI ON_SCHENA. COLUWNS
-> WHERE TABLE_SCHEMA = "world' AND TABLE NAME = 'City';

| |
| Nane |
| CountryCode |
| District |
| Population |

Y ou cannot retrieve just the column names using SHOW

nysqgl > SHOW COLUWNS FROM City FROM wor | d;
o Fome e R S e o +

| Field | Type | Null | Key | Default | Extra |
Fom e e e e e o - Fomm o - [ S - Fomm e e oo o e o - +
| ID | int(11) | NO | PRI | NULL | auto_increment |
| Nare | char(35) | NO | | | |
| CountryCode | char(3) | NO | | | |
| District | char(20) | NO | | | |
| Population | int(11) | NO | | O | |
oo oo S oo o oo +
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Chapter 32. Data Backup and Recovery
Methods

Almost all examples and exercisesin this study guide use the world database as the sample data set. The
accompanying CD-ROM contains the data for this database and instructions that describe how to create
and populate the database for use with your own MySQL installation.

Question 1:

Name the principles of database backupsin MySQL.

Question 2:

Why would you prefer text backups over binary backups when the latter are faster?

Question 3:

Assume that you want to make a binary copy of three Myl SAMtables in the wor | d database. Physic-
ally, that database is located under / var/ | i b/ mysql /, and you want to back up the tables Ci t y,
Count ry, and Count r yLanguage to/ t np. What do you have to do?

Question 4:

How do you back up the tables City and Country from the wor| d database into the file /
t np/ wor | d_backup. sqgl usingasinglenysql dunp command?

Question 5:

How do you back up the databases db1 and db2 into thefile/t np/ db1l_db2_backup. sql witha
singlenmysql dunp command that ensures existing tables will be overwritten when you restore them?

Question 6:

What are the advantages and disadvantages of the multiple-row | NSERT statements that nysql dunp
can produce?

Question 7:
Assume that you have the following tablesin the pr oj ect database:
nysql > SHOW TABLES;

o e e ek +
| Tables_in_project |
o e e ek +
| auth |
| lang |
| project |
o e e e e e o +

3 rows in set (0.00 sec)

Y ou have backed up all tablesin that database as follows:

shel I > mysqgl dunp project --tab=/tnp

Someone accidentally dropped the pr oj ect database. Using nysql (and no other program), what
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statements do you have to issue to restore the database and its tables?

Question 8:

Which backup programs and backup strategies require the server to be running, and which do not?

Question 9:

What commands do you have to issue to perform the following backup operations using mysql dunp?

a BackuptheCity, Country, and Count ryLanguage tablesin thewor | d database into afile
named 3t abl es. sql .

b. Backupthet est andwor | d databasesinto afile named 2dbs. sql .

c. Back upal databasesinto afileal | dbs. sql .

Question 10:

When backing up | nnoDB tables using nysql dunp, what option is recommended to use?
Question 11:

When backing up data via a master's replication slave, what should you do on the slave side?
Question 12:

With MySQL Administrator, can you reload SQL dump files created by nysql dunmp? Can you use
nmysql dunp to reload SQL dump files created by MySQL Administrator?

Question 13:

Assume that you've flushed the logs and made a full backup of your databases so that bi n. 000003
and bi n. 000004 contain al data-modifying statements performed after the full backup. However, you
know that bi n. 000004 contains a series of DROP DATABASE statements issued by a malicious user,
starting on May 20, 2005, at a time of 20:00:00. After having reloaded your databases from the full
backup, how can you replay the statements in the binary log files, but only until the point in time where
the malicious user intervened?

Question 14:

Can you make a binary copy of the | nnoDB tables stored on a machine while the server is running?
Question 15:

What methods can you use to copy | nnoDB tables besides making a binary copy?

Question 16:

When the MySQL server or the server host crashes, what can you do to recover your | nnoDB tables,
other than restoring them from backups?

Question 17:
What are the prerequisites for using mysql hot copy?
Question 18:

Y ou want to produce a backup of thet est database into thefile/ backups/ structure. sql using
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nysql dunp. However, the purpose of the backup file is to create an empty copy of each table on an-
other server. What command do you issue?

Question 19:

How do you restore a backup of tables in the t est database from a backup file called /
backups/ back. sgl ? When you use nysql to reload an SQL-format dump file produced by
nmysql dunp, what option can you use to ensure that the restore operation doesn't stop if errors occur?

Question 20:

To copy a Myl SAMtable to another database server on another host, you can either copy the table files
directly, or you can use nysql dunp to dump the table contents into a file and then import that file into
the other server. Suppose that a table named nmyt abl e existsin thet est database of server 1, but not
server 2. Y ou want to copy the table from server 1 to server 2 without stopping either server for the copy
operation. How might you do that?

Question 21.

Which backup programs and backup strategies work when used on the local host? Which can be used
from aremote host?

Question 22:
Assume that you want to back up all tables in the pr oj ect database using nysql dunp on the local
host. Y ou do not want to dump the structure for each table, just its data. The data for the tables should be

stored in text files in the / t np directory, with columns separated by tabs and records separated by
\ r\ n. What command would you issue?

Question 23:
Assume that you've issued the following command to back up all table datain the pr oj ect database:
shel I > mysqgl dunp --no-create-info --tab=/tnp

--lines-term nated-by="\r\n" project
How would you restore the tables?
Question 24:
Thet est database contains tablesnamedt bl 1 and t bl 2. Assume that you want to back up the data
contained in the tables. The data should be written into text files in the / backup directory. In the text
files, you want columns to be separated by commas and lines to be separated by DOS line endings
(\ r\ n). What command do you issue? What will be the names of the resulting output files?

Question 25:

When you perform backups, it's not sufficient to back up only your tables. What else should you back up
regularly?

Question 26:

| nnoDB tablespace files are stored in a format that is machine independent and can be copied from one
machine to another aslong as certain conditions are met for both machines. Which of the following con-
ditions must be true for the | nno DB tablespace to be machine independent?

a.  Both machines must run under the same operating system.

b.  You should create databases and tables using lowercase names.
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c. The operating systems on both machines must use the same line-ending sequence. Thisis why you
can't copy an | nnoDB tablespace from a Windows machine (where lines end with \ r \ n) to aMac
OS X machine (where lines end with \ r).

d. Both machines must use two's-complement integer arithmetic.

e. Both machines must have processors from the same family, such as Intel 586.

f.  Both machines must use |EEE floating-point format, or else none of the | nnoDB tables in the ta-
blespace must contain any floating-point columns (FLOAT or DOUBLE).

Question 27:

Provided that the conditions for | nnoDB binary portability are met, you can make a binary copy of the

I nnoDB tables stored on one machine and copy them to another machine. To do so, what files do you

need to copy?

Answers to Exercises

Answer 1:

The principles of database backupsin MySQL are:

»  Backups should be made regularly.
» Thebinary log should be enabled to get incremental backups.

» Before a full backup, the logs should be flushed, to synchronize full backups with the incremental
backup mechanism.

» Store backup files on a physical device separate from your data directory.

* Include storing your database backupsin your regular filesystem backups.

Answer 2:

Text backups have a number of advantages over binary backups:

» They are more portable across different database management systems.

» They are portable across machine architectures.

» They are independent of the storage engines used.

e They don't require that you manually lock tables, or even shut down the server.

» They can be performed on remote servers.

Answer 3:
First, lock and flush the tables:
nysqgl > USE wor | d;

nmysqgl > LOCK TABLES City READ, Country READ, CountrylLanguage READ,
nmysqgl > FLUSH TABLES City, Country, Countrylanguage;

56



Data Backup and Recovery Methods

Then copy the tables:

shel | > cd /var/lib/mnmysqgl/world

shell > cp CGty.* Country.* CountrylLanguage.* /tnp
Unlock the tables:

nysql > UNLOCK TABLES;

Alternatively, stop the server, copy thefiles, and restart the server.
Answer 4:

shel I > nmysqgl dunp world City Country > /tnp/world_backup. sql

Answer 5:

shel | > nysqgl dunp --add-drop-tabl e --databases
dbl db2 > /tnp/dbl db2_ backup. sql

The - - add- dr op- t abl e option causes the dump file to contain DROP TABLE statements, so that
each table is dropped (if it exists) before it is restored. It is actually unnecessary to specify this option
explicitly unless you also specify - - ski p- opt . By default, - - opt is enabled, which also causes -
- add- dr op-t abl e to be enabled.

Answer 6:
Advantages: Multiple-row statements can be reloaded more efficiently.

Disadvantages: Multiple-row statements are less readable and less easily ported to other database man-
agement systems. For large tables, a multiple-row insert statement may fail because it exceeds the max-
imum size of the communication buffer.

Answer 7:
First, re-create the pr oj ect database and make it the default database:

nysql > CREATE DATABASE pr oj ect ;
nysqgl > USE proj ect;

Next, re-create the tablesusing the . sql filesstoredin/ t np:

nysql > SOURCE /t np/ aut h. sql ;

Query OK, 0 rows affected (0.00 sec)
nysqgl > SOURCE /tnp/l ang. sql;

Query OK, 0 rows affected (0.00 sec)
nysqgl > SOURCE /tnp/ project.sql;
Query OK, 0 rows affected (0.00 sec)
nysqgl > SHOW TABLES;

o e e e oo oo +
| Tabl es_in_project |
o e e e e e e o - +
| auth |
| 1ang |
| project |
e +
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3 rows in set (0.00 sec)

Finally, load the data stored in the . t xt filesin/ t np:

nmysqgl > LOAD DATA INFILE '/tnp/auth.txt' | NTO TABLE aut h;

Query OK, 1 row affected (0.02 sec)

Records: 1 Deleted: 0 Skipped: 0O Warnings: O

nysqgl > LOAD DATA INFILE '/tnp/lang.txt' | NTO TABLE | ang;

Query OK, 9 rows affected (0.00 sec)

Records: 9 Deleted: 0 Skipped: 0O Warnings: O

nysqgl > LOAD DATA INFILE '/tnp/project.txt' | NTO TABLE proj ect;

Query OK, 6 rows affected (0.00 sec)
Records: 6 Deleted: 0 Skipped: 0O Warnings: O

By default, mysql dunp uses the same column and line formatting options as the LOAD DATA | N

FI LE statement, so you don't have to specify those explicitly when reloading the tables.

Answer 8:

» Toback up data, you can use mysql toissue SELECT ... | NTO OUTFI LE statements. mysql re-
quires the server to be running.

* Youcanalsousenysql dunp to back up data. The server must be running.

* Another way to perform data backup is to use the Perl script mysql hot copy. The server must be
running for nysql hot copy to work. In addition, the script requires the Perl DBI module to be in-
stalled.

* InnoDB Hot Backup (i bbackup) performs backups by connecting to a running server, too.

e Performing backups using MySQL Administrator also requires the server to be running.

* If the server is not running, the only way to back up a Myl SAMtableisto copy its. f r m . MyD, and
. MYl filesdirectly.

Answer 9:

a nysqldump world Gty Country CountrylLanguage > 3tabl es. sql
b. nysqgl dunp --databases test world > 2dbs. sql
c. nysqldunp --all-databases > all dbs. sql

Answer 10:

For | nnoDB tables, you should usethe - - si ngl e-t ransact i on optionto nysql dunp so that the
dump performs a consistent read.

Answer 11:

Y ou should either shut down the slave server, or make the slave stop processing updates received from
the master. The latter is done by issuing a STOP SLAVE SQ._THREAD statement. You should also
make sure tables are flushed to disk by issuing FLUSH TABLES. After performing the backup, you
should remember to reactivate the dlave by issuing a START SLAVE SQ._THREAD statement.

Answer 12:
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With MySQL Administrator, you can reload SQL dumps created by mysql dunp, but you must take
special care to ensure that the proper character set is selected before restoring. (In most cases, MySQL
Administrator can detect the character set used when you click its Aut o- Det ect Char acter Set

button.)

It's not possible to reload backup SQL files created by MySQL Administrator with mysql dunp, be-
cause that program is for creating dumps, not reloading them. However, you should be able to reload
backup files created by MySQL Administrator by using the mysql program.

Answer 13:

To do this, use the mysql bi nl og program with the appropriate options and arguments and pipe its
output to themysql program, like this:

shel I > mysql bi nl og --stop-datetine="2005-05-20 19: 59: 59"
bi n. 000003 bi n. 000004 | mysql

Answer 14:

Y ou cannot make a binary copy of | nnoDB tables while the server is running. Unlike the options avail-
able when using Myl SAMtables (lock the tables, flush them to disk, and then copy them), you must tell
the server to stop before making a copy of | nnoDB files. This is necessary to ensure that | nnoDB has
completed any pending transactions before the copy is made.

Answer 15:

You can aso copy | nnoDB tables with the following programs and SQL statements:

e nmysql dunp,
» InnoDB Hot Backup (i bbackup),
*  MySQL Administrator

 SELECT ...1 NTO QUTFI LE.

Answer 16:

Normally, you don't have to do anything after a crash except restart the server. | nnoDB will recognize
that it was not shut down correctly and perform an automatic recovery.

Answer 17:

e nysql hot copy runson Unix and NetWare only.

» Itrequires Perl, and the DBI module must be installed.

e It must be run on the server host because it does a binary copy.

* The server must be running because mysql hot copy uses the server to lock and flush the tables to
be backed up.

Answer 18:

shel | > nmysqgl dunp --no-data test > /backups/structure. sql
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Answer 19:
To restore tables, you can use this command:

shel | > nysqgl test < /backups/back. sql

Tocausemysql to continue processing queries even if errors occur, run it with the - - f or ce option.
Answer 20:
Two methods for copying the myt abl e table to another server are shown here. Other methods are pos-

sible.

» To copy nyt abl e directly, you have to make sure that the server (and any other program) doesn't
access the table files, and that the table is entirely flushed to disk. This would be done by issuing
these statements:

mysqgl > LOCK TABLES nyt abl e READ;
nysql > FLUSH TABLES;

Now, you can copy the table files (myt abl e. f r m nyt abl e. MYD, and myt abl e. My1) to the
other server host. The location to copy them to would bethet est directory in that server's data dir-
ectory. Afterward, you have to unlock the table on the first server:

mysql > UNLOCK TABLES;

e Using mysql dunp, you would issue this command:
shel I > nmysqgl dunp test nytable > nytabl edunp. sql
After that, you can copy nyt abl edunp. sql to the other server host, and import it by issuing this
Statement:

shel | > nysqgl test < nytabl edunp. sql

This assumes that nyt abl edunp. sql islocated in the directory from which you invoke mysql .

Answer 21:

e nysql : To back up data, you can run the SELECT ... | NTO QUTFI LE statement under nysql .
The statement can be run from any client host that can connect to the server, so you don't necessarily
have to connect from the local host. The backup files, however, will always be located on the server
host. This means that you must have the FI LE privilege to perform backup operations using nysq|l .

e nysql dunp: To back up data, you can aso run nysql dunp, from either alocal client or from a
remote client. The first of the following commands performs a dump that connects to the local serv-
er. The second command connects to a remote server.

shel | > nmysqgl dunp test > dunp_db_test. sql
shel | > nmysqgl dunp test -h renote_host -u user_nane -p > dunp_db_test. sql
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In both cases, the backup fileis created on the client host where nysql dunp isinvoked.

* nmysql hot copy: To back up data, you can also run the Perl script mysql hot copy. To do so, you
must ensure that the script is run on the same host as the server.

*  MySQL Administrator works with either alocal server or aremote server.

Answer 22:

To dump the table data to text files, you can usethe - - t ab optionto nysql dunp. By default, this pro-
duces output files in which columns are separated by tabs and records are separated by \ n. The tab sep-
arators match the requirements stated but the record separators do not, so a -

-l i nes-term nat ed- by option is needed. By default, nysql dunp will also produce SQL state-
ments that can be used to re-create table structures. With the - - t ab option, this information will be

stored in. sql files. To prevent creation of these files, use the - - no- cr eat e- i nf o option. Thus, to
dump only the table data in the format required, you would issue this command:

shel | > nysqgl dunp --no-create-info --tab=/tnp

--lines-term nated-by="\r\n" project
Answer 23:
To restore tables that have been backed up with the - - t ab option to nysql dunp, you can use LOAD
DATA | NFI LE. Because the records are terminated by \ r\ n, it will be necessary to use a LI NES
TERM NATED BY option. LOAD DATA | NFI LE must be issued for every table that was backed up.
For example, to restore atablet abl e_1, you would issue this statement:

mysql > LOAD DATA INFILE '/tnp/table_1.txt' |NTO TABLE table_ 1
-> LINES TERM NATED BY '\r\n';

Answer 24:
To back up the data as stated, you would issue this command:

shel | > nmysql dunp --tab=/backup --fields-term nated-by=,
--lines-termnated-by="\r\n" test thl1l tbhl2

Theresulting fileswill benamedt bl 1. sql ,tbl 1. txt,tbl 2. sql ,andt bl 2. t xt .
Answer 25:

Y ou should back up the following files:

* Binary log files. These are often needed for recovery operations.

e Option files used by the server (my. cnf, my. i ni,. ny. cnf, and whatever other option files you
areusing).

* Replication-related files (mast er . i nf o, rel ay-1 og. i nf 0).

Answer 26:

The conditions for a machine-independent | nnoDB tablespace are similar to those the Myl SAMstorage
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engine;

» Both machines must use two's-complement integer arithmetic.

» Both machines must use IEEE floating-point format, or else none of the | nnoDB tables in the ta-
blespace must contain any floating-point columns (FLOAT or DOUBLE).

In addition, you should create databases and tables using lowercase names.

The other conditions stated are not required for machine independence of the tablespace.

Answer 27:

To make a binary copy of the | nnoDB tablespace, you need to copy:

» All tablespace files, including the files for the shared tablespace and . i bd files if you have con-
figured | nnoDB to use per-table tablespaces

* Alll nnoDBlogfiles

e The. f r mfilefor each of your | nnoDB tables

» The | nnoDB tablespace and log configuration information stored in your MySQL option file (that

is, the settings for i nnodb_dat a_hone_di r, i nnodb_data_fil e_pat h, and perhaps other
I nnoDB options)
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