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Introduction
1. Foreword

In 2002, when MySQL AB first launched the MySQL Certification Program, we started authoring the
MySQL Certification Sudy Guide (ISBN 0-672-32632-9). At that time, MySQL 4.0.x was the current
production release of the MySQL server. Now, with the release of MySQL 4.1.7 in late 2004, MySQL
AB has declared MySQL 4.1 as the new production version, and with that the MySQL Certification Pro-
gram is being updated as well.

As of February 1st, 2005, MySQL 4 Certification exams will include questions on functionality in
MySQL Server 4.1. For an itemized list of changes that will take place at that time, please read the latest
verson of the MySQL Certification Candidate Guide, available online a ht-
tp://lwww.mysgl.com/training/certification.

The changes involved in going from MySQL server version 4.0 to version 4.1 are certainly significant,
yet, with respect to certification, fairly small in scope. That is the reasoning behind releasing this ad-
dendum rather than a completely new book (along with the fact that we do not wish to alienate those
thousands of MySQL users who have aready invested in the MySQL Certification Sudy Guide, but
have not yet gone to an exam, by requiring them to invest in a completely new book).

The word "addendum" should be taken very literally — this booklet only covers the few subjects
covered by the upgrade from MySQL 4.0 to 4.1; you will still need to read the other 600 pages of the
MySQL Certification Sudy Guide to study properly for the exam.

The MySQL server, like any other software product, evolved during development from the alpha re-
leases to the production releases. As you read this booklet and want to try out the examples and exer-
cises, please make sure you are using the latest version of the MySQL server. Whenever you see "ver-
sion 4.1" in this document, you should assume that it refersto MySQL Server 4.1.7 or later.

2. Changes in the Exams

The following presents a high-level overview of the changes that will occur on the exams as they are up-
graded from MySQL 4.0 to MySQL 4.1.

2.1. Changes to the Core Exam

* Sructural changes: The exam section MySQL and MySQL AB is reduced from taking up 10% of the
exam questions to 5%. The section SELECT statementsis increased from taking up 10% of the exam
questions to 15%.

* In the exam section The software making up MySQL, questions on the MySQL Control Center
(mysqglcc) are removed. This product is no longer under active development by MySQL AB, and has
been replaced by the new GUI tools MySQL Administrator and MySQL Query Browser. Note that
MySQL Administrator and MySQL Query Browser are not included in the MySQL Certification Pro-
gram at thistime.

» The exam section Using Client Programs will contain questions on using server-side help, aswell as
guestions on specifying connection protocols for client/server communication.

* In the section Data Definition Language, questions on new TI MESTAMP behavior and storage re-
quirements for character strings will appear.

Vi
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»  Questions on subqueries, the GROUP_CONCAT() function, and GROUP BY ... W TH ROLLUP
will appear in the section SELECT statements.

* Inthe exam section Basic SQL, you should be prepared to answer questions on prepared statements.

* The exam section Update Statements will contain questions on | NSERT ... ON DUPLI CATE
KEY UPDATE.

2.2. Changes to the Professional Exam

There will be no structural changes to the Professional exam. However, questions will appear on the top-
ics described in Chapter 2, "Updates to the Professional Exam."
» Knowledge of the Cluster storage engine will be part of the exam section MySQL Architecture.

» The exam section Optimizing for Query Speed will contain questions on using different index types
for MEMORY tables.

e SHOW WARNI NGS will be part of the section Advanced Server Features.

3. New Features in MySQL 4.1 Not on the Ex-

am

MySQL Server 4.1 introduces some completely new features that are important in their own right. But
the area of application for these features is so new that they do not fit into the framework of general
MySQL usage. We mention them here for the sake of completeness, and to clarify that they will not ap-
pear on the exam.

MySQL server now supports the spatial data types required for analyzing geographic features. The spa-
tial data types allow you to store locations (such as lakes, cities, postcode areas, street intersections) in
the database, and retrieve them using specia functions. Most often, the spatial functions will, given a
border, select those locations that are within the border, outside the border or which intersect the border.

Apart from briefly covering the need to be aware of potential new storage requirements, the exam does
not touch upon newly introduced support for character sets and character collations.

4. Acknowledgments

We would like to thank Trudy Pelzer, who reviewed and commented on this addendum.

A big "thank you" also goesto al those keen-eyed readers that have written to us and made us aware of
errors and omissions in the MySQL Certification Sudy Guide.

— Paul DuBois, Stefan Hinz, and Carsten Pedersen.
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Chapter 1. Updates to the Core Exam

1.1.

1.2.

By far the largest number of changes in the transition from MySQL 4.0 to 4.1 has been in the available
DDL (Data Definition Language) statements and the availability of subqueries when retrieving data
from tables. There are numerous other changes, and to get the complete overview of thesg, it is neces-
sary to look in the changel ogs of the MySQL documentation for each 4.1.x version of the MySQL serv-
er.

In this chapter, we look only at the updates that are of interest to those seeking MySQL Core certifica
tion. Thus, this chapter is not a complete overview of al features changed or updated in the MySQL
server and related products.

Specifying the Communication Protocol

In MySQL versions prior to 4.1, a number of details regarding the connection type created between a
client and the server are implicit, based on how the host is specified. For example, specifying | ocal -

host as the server host when starting the nysql command-line client on Unix implies that a Unix
socket file connection should be used. In such cases, any port specified through the - - port option is
ignored.

Starting with MySQL Server 4.1, you can explicitly select the type of protocol that should be used for a
connection by specifying a - - pr ot ocol =t ype option when invoking a client program.. Y ou can use
- - pr ot ocol =t cp on any platform to make a TCP/IP connection. Other protocol types are platform-
specific. On Unix, - - pr ot ocol =socket connects using a Unix socket file. On the Windows plat-
form, where named-pipe or shared-memory connections are available, you can use -

- pr ot ocol =pi pe or - - pr ot ocol =nenor y. However, for the named-pipe connection protocol to
be operative, you must use the mysgld-nt or mysgld-max-nt server, and the server must be started with
the - - enabl e- nanmed- pi pe option. Any server on Windows supports shared-memory connections,
but the server must be started with the - - enabl e- shar ed- nenor y option. If these options are not
used when starting the server, it will not allow named-pipe or shared-memory connections. Specifying -

- enabl e- shar ed- nenory at server start time has the additional effect that shared memory be-
comes the default connection protocol for local clients.

CREATE TABLE

There are several important changes in the CREATE TABLE statement:

» The keyword for specifying a table's storage engine has changed from TYPE to ENG NE. Parallel
changes have been made to the names of the server startup option and the system variable that refers
to the default storage engine: - - def aul t - st or age- engi ne and st or age_engi ne now are
preferred over - - def aul t -t abl e-type andt abl e_t ype.

» The name of the storage engine for creating in-memory tables has changed from HEAP to MEMORY.
HEAP is still recognized for backward compatibility.

» The server has a different behavior when you request the use of a storage engine that is not available.
This appliesto both the CREATE TABLE and ALTER TABLE statements.

* You can issue a CREATE TABLE ...LI KE statement to create an exact copy of an existing table's
structure

1.2.1. Changes to Storage Engine Specification Syntax




1.2.2.

1.2.3.

Updates to the Core Exam

In MySQL Server 4.0, you define the storage engine to use for a table by specifying the TYPE = en-
gi ne_nane table option in CREATE TABLE or ALTER TABLE statements.

In MySQL 4.0.18, the ENG NE keyword was added as a synonym for TYPE. As of MySQL Server 4.1,
ENG NE is the preferred term. The server still recognizes TYPE for backward compatibility but gener-
atesawarning if you useit:

nysql > CREATE TABLE t (i INT) TYPE = | nnoDB;
Query OK, 0 rows affected, 1 warning (0.04 sec)

nysql > SHOW WARNI NGS\ G

R S R R I b O R 1 r ow R S R Rk I b O R

Level : Warni ng
Code: 1287
Message: ' TYPE=storage_engi ne' is deprecated,
use ' ENA NE=st or age_engi ne' i nstead
1 rowin set (0.00 sec)

Some related changesin MySQL 4.1 are that the st or age_engi ne system variable is a synonym for
table_type, and the --default-storage-engine option is a synonym for -
-defaul t -t abl e-t ype. The names that use "storage engine" are now preferred over those that use
"table type."

Another change is that, as of MySQL 4.0.13, the name of the HEAP storage engine that manages in-
memory tables has been changed to the MEMORY storage engine. The server still recognizes HEAP for
backward compatibility.

Changes to Storage Engine Selection Behavior

In MySQL Server 4.0, you indicate which storage engine to use in CREATE TABLE or ALTER TABLE
statements with a TYPE = engi ne_nane table option. If the specified storage engine is not enabled in
the server, it creates the table using the Myl SAMstorage engine instead. (A storage engine might be un-
availableif it was not compiled in or was disabled at startup time.)

In MySQL Server 4.1, not only is the preferred storage engine-specification keyword ENG NE rather
than TYPE, the selection behavior has also changed. If the requested storage engine is not available, the
server uses the session setting of the st or age_engi ne system variable to determine the default en-
gine to use when creating a table. The default storage engine used thus is not necessarily Myl SAM it
could be any available storage engine:

nysql > SET storage_engi ne = | nnoDB;

nysql > CREATE TABLE t (i |INT) ENG NE = BDB;
Query OK, 0 rows affected, 1 warning (0.01 sec)
nysqgl > SHOW WARNI NGS\ G

LR R R I R I I S I R O 1 row LR R I I I I R I O

Level : Warni ng
Code: 1266
Message: Using storage engine InnoDB for table 't'

If the server chooses to use the default storage engine rather than the one specified in the CREATE TA-
BLE statement, it issues awarning.
The default setting of st or age_engi ne is Myl SAM However, depending on how MySQL was in-

stalled or configured, st or age_engi ne might be set to a different storage engine. Make sure to
double-check the setting to ensure that it is really what you expect.

Using CREATE TABLE ...LI KE




1.3.

Updates to the Core Exam

In MySQL Server 4.1, you can use the LI KE keyword to create an empty table based on the definition
of another table. The result is a new table with a definition that includes al column attributes and in-
dexes of the original table. This differs from the result of using CREATE TABLE ...SELECT to create an
empty table.

Example: Suppose that tablet looks like this:

nysql > CREATE TABLE t
-> (i INT NOT NULL AUTO | NCREMENT,
-> PRI MARY KEY (1))
-> ENG NE = | nnoDB;

Either of the following statements will create an empty copy of the table:

nysql > CREATE TABLE copyl SELECT * FROMt WHERE O;
nysql > CREATE TABLE copy2 LIKE t;

However, the resulting copies differ in the amount of information retained from the original table struc-
ture:

nysqgl > SHOW CREATE TABLE copyl\ G

kkhkhkkhkhkkhkhkkhkhkkhkkhkhkdhkhdkhkhkhkkhkhkkhkhkkkkkx 1 rOW kkhkhkkhkhkkhkhkkhkhkkhkkhkhkdhkhdkhkhkhkkhkhkkhkhkkkkk*x
Tabl e: copyl
Create Tabl e: CREATE TABLE "copyl® (
17 int(11) NOT NULL default 'O
) ENG NE=My| SAM DEFAULT CHARSET=l ati nl
nmysqgl > SHOW CREATE TABLE copy?2\ G

khkkkhkhkkhkhkhkhkhkhkhkkhkrkkhkrkkhk*x* 1 row khkkkhkhkkhkhkhkhkhkhkhkkhkhkkhkhkkhk*x*

Tabl e: copy2
Create Tabl e: CREATE TABLE " copy2™ (
iT int(11) NOT NULL auto_increnent,
PRI MARY KEY (7i")
) ENGQ NE=I nnoDB DEFAULT CHARSET=l ati nl

The CREATE TABLE ...SELECT statement copied the column name and data type from the original ta-
ble, but did not retain the PRI MARY KEY index information or the AUTO_| NCREMENT column attrib-
ute information. The new table also uses the default storage engine, rather than the storage engine util-
ized by tablet . The copy created with CREATE TABLE .. LI KE has none of these problems.

Some table attributes are not copied, even when issuing CREATE TABLE .. LI KE. The most notable ex-
amples are:

» If the original tableisa Myl SAMtable for which the DATA DI RECTORY or | NDEX DI RECTORY
table options are specified, those options are not copied to the new table. The data and index files for
the new table will reside in the database directory for the chosen database.

» Foreign key definitions in the original table are not copied to the new table. If you wish to retain the
foreign key definitions, they must be re-specified with ALTER TABLE after creating the copy.

The Storage Size of Character Columns

When you create or alter a table, the sizes of character columns in column definitions now are inter-
preted as the number of characters that may be stored in the column, rather than the number of bytes
that may be stored. This change applies to the CHAR, VARCHAR, and TEXT data types.




1.4.

Updates to the Core Exam

In MySQL 4.0, all lengths in character columns and index declarations are interpreted in byte units. The
following table definition tells the server to set aside 32 bytes for storing data in the c1 column, and to
index the column using the first six bytes of each column value:

CREATE TABLE t

cl CHAR(32),
I NDEX (c1(6))

In MySQL 4.1, this has changed. Lengths in character columns are now interpreted as a number of char-
acter units, not byte units. In other words, in 4.1, CHAR(32) now means that the server sets aside
enough space to store 32 charactersin c1, and the index uses the first six characters of each column
value.

With single-byte character sets, this change in meaning makes no difference, because each character
uses exactly one byte for storage. However, with multi-byte character sets, this change can make a big
difference. Suppose that afixed-length CHAR( 32) column is defined like this:

cl CHAR(32) CHARACTER SET utf8

In this case, MySQL must allocate 32 character units per value, based on the size in bytes of the widest
character in the character set. Characters in the ut f 8 character set can take up to three bytes, so each
value requires 96 bytes (32 x 3 bytes) of storage.

Similarly, an index on c1 that is defined as | NDEX (c(6)) requires 6 characters (18 bytes), not 6
bytes.

Note that even though the sizes of character column and index values now depend upon the chosen char-
acter set, limits on the maximum size of index entries are not affected. The size of an index entry is still
counted in bytes, not characters. For example, the limit for Myl SAMtablesis 1000 bytes per index entry.
This means that the maximum number of charactersin an index entry is less than 1000 if the index con-
tains columns that use a multi-byte character set.

Using and Controlling New TI MESTAMP Be-

havior

1.4.1.

The behavior of the TI MESTAMP data type has changed in a number of important ways in MySQL
Server 4.1:

* Thedisplay format has changed.

e Tl MESTAMP columns may be defined to accept and store NULL values.

* You have more control over the default value and update behavior of TI MESTAMP columns.

e Itispossibleto use connection-specific time zone settings.

Changes in the TI MESTAMP Display Format

The way that MySQL displays and returns TI MESTAMP values has changed. In MySQL 4.0, 8: 15: 16
on Jan 4, 2005 is displayed as 20050104081516. In MySQL 4.1, the value is displayed using the
same format as DATETI ME valuesinstead, that is, ' 2005- 01- 04 8: 15: 16" :

4



1.4.2.

Updates to the Core Exam

nmysqgl > CREATE TABLE ts_test (ts TIMESTAWP);
Query OK, 0 rows affected (0.01 sec)

nysql > I NSERT | NTO ts_test VALUES (NULL);
Query OK, 1 row affected (0.00 sec)

nysqgl > SELECT * FROMts_test;

oo +
| ts |
o e e o +
| 2005-01-04 08: 15:16 |
e +

1 rowin set (0.00 sec)

A side effect of these changes is that the server ignores any display width specification that you use
when creating or altering a TI MESTAMP column. For example, the server treats TI MESTAMP( 4) as
just TI MESTAMP.

Storing and Retrieving NULL Values in TI MESTAMP

Columns

1.4.3.

MySQL Server 4.0 disallows the storage of NULL values in TI MESTAMP columns. Assigning a NULL
value to a TI MESTAMP column sets the value to the current timestamp. With MySQL Server 4.1, it is
possible to store NULL valuesin TI MESTAMP columns.

However, to maintain backward compatibility, the server, by default, still defines TI MESTAMP columns
as NOT NULL and stores the current timestamp in the column if you assign it a value of NULL. If you
want to be able to store NULL ina Tl MESTAMP column, you must explicitly write the column definition
to allow NULL when creating or altering the column:

nysql > CREATE TABLE ts null (ts TIMESTAWMP NULL);
Query OK, 0 rows affected (0.04 sec)

nysqgl > DESCRIBE ts_nul | ;

Fom e - R S +-- - - - B SR Fom e - +
| Field | Type | Null | Key | Default | Extra |
. Fom e e e oo - [ - Fomm e oo - . +
| ts | timestamp | YES | | NULL | |
Fommea - Foemmama o oo m - I Fommea - +

1 rowin set (0.10 sec)

Previous versions of MySQL Server would also alow you to include NULL in the column definition, but
would ignoreit: Inserting NULL into the column setsit to the current timestamp.

Note that specifying NULL for a TI MESTAMP column implicitly changes its default value from CUR-
RENT_TI MESTAMP to NULL if no explicit default value is given. (CURRENT _TI MESTAMP is dis-
cussed in section 1.4.3, "Controlling TI MESTAMP Behavior.")

Controlling TI MESTAMP Behavior

The initialization and update behavior of TI MESTAMP columns can now be controlled in a more fine-
grained manner. In MySQL Server 4.0, the first (and only the first) TI MESTAMP column in a table is
automatically initialized and updated whenever the record changes. In MySQL Server 4.1, you can spe-
cify that any single TI MESTAMP column in a table should be initialized with the current timestamp
when the record is created with | NSERT or REPLACE, updated with the current timestamp when the re-
cord is changed with UPDATE, or both.




Updates to the Core Exam

To control the initialization and update behavior of a TI MESTAMP column, you add either or both of the
DEFAULT CURRENT_TI MESTAMP and ON UPDATE CURRENT_TI MESTAMP attributes to the column
definition when creating the table with CREATE TABLE or changing it with ALTER TABLE.

The DEFAULT CURRENT _TI MESTAMP attribute causes the column to be initialized with the current
timestamp at the time the record is created. The ON UPDATE CURRENT_TI MESTAMP attribute causes
the column to be updated with the current timestamp when the value of another column in the record is
changed fromits current value.

For backward compatibility with older versions of MySQL, if you do not specify either of the DEFAULT
CURRENT_TI MESTAMP or ON UPDATE CURRENT_TI MESTAMP attributes when creating a table, the
MySQL server automatically assigns both attributes to the first TI MESTAMP column:

nysql > CREATE TABLE ts_testl (
->  tsl TIMESTAMP,
->  ts2 TI MESTAMP,
-> dat a CHAR(30)
-> .
Query (]( 0O rows affected (0.00 sec)

nysql > DESCRI BE ts_testl,

------------------ e T T T
| Field | Type | Null | Key | Default | Extra |
S . Foom - oo oo S +
| ts1 | timestamp | YES | | CURRENT_TI MESTAMP | |
| ts2 | timestamp | YES | | 0000-00-00 00:00: 00 | |
| data | char(30) | YES | | NULL | |
e - e T oo oo e - +

3rows in set (0.01 sec)

nysqgl > INSERT INTO ts_testl (data) VALUES (' original_value');
Query OK, 1 row affected (0.00 sec)

nmysqgl > SELECT * FROMts_test1;

Fom e e e e e e Fom e e e e o - +
| ts1 | ts2 | data |
T T o +
| 2005-01-04 14:45:51 | 0000- 00- 00 00: 00: 00 | ori ginal val ue |
T +

1rowin set (0.00 sec)

nysqgl > ...ti me passes ...

nysqgl > UPDATE ts_test1l SET dat a=' updat ed_val ue';
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: O

rrysql > SELECT * FROM ts_test 1,

--------------------- e SRS
| tsl | ts2 | data |
e e o +
| 2005-01-04 14:46:17 | 0000-00-00 00:00:00 | updat ed_val ue |
i T +

1 rowin set (0.00 sec)

The same behavior occurs if you specify both DEFAULT CURRENT Tl MESTAMP and ON UPDATE
CURRENT_TI MESTAMP explicitly for the first TI MESTAMP column. It is also possible to use just of
the attributes. The following example uses DEFAULT CURRENT_TI MESTAMP, but omits ON UPDATE
CURRENT _TI MESTAMP. The result is that the column is initialized automatically, but not updated
when the record is updated:
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nmysql > CREATE TABLE ts_test2 (
-> created tinme TI MESTAMP DEFAULT CURRENT_TI MESTAMP,
-> dat a CHAR( 30)
-> ) .

Query G( 0 rows affected (0.00 sec)

nysqgl > INSERT INTO ts _test2 (data) VALUES ('original_value');
Query OK, 1 row affected (0.01 sec)

rrysql > SELECT * FROM ts_test 2;

--------------------- S
| created_tine | data |
Fom e e e e e e - - o e o - +
| 2005-01-04 14:46: 39 | ori gi nal _val ue |
o e e e e +

1 rowin set (0.00 sec)

nysqgl > ...ti me passes ...

nysqgl > UPDATE ts_test2 SET dat a=' updat ed _val ue';
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: O

nysql > SELECT * FROM ts_test?2;

--------------------- S
| created_tine | data |
T T +
| 2005-01-04 14:46: 39 | updat ed_val ue |
T +

1 rowin set (0.00 sec)

Note that even though the record is updated, the cr eat ed_t i me column is not. In previous versions
of MySQL Server, the UPDATE statement would have caused the cr eat ed_t i me column to be up-
dated as well.

The next example demonstrates how to create a TI MESTAMP column that is not set to the current
timestamp when the record is created, but only when it is updated. In this case, the column definition in-
cludes ON UPDATE CURRENT _TI MESTAMP but omits DEFAULT CURRENT_TI MESTAMP:

nmysql > CREATE TABLE ts_test3 (
-> updated_tine TI MESTAMP ON UPDATE CURRENT_TI MESTAMP,
-> dat a CHAR( 30)
-> )

Query C]( 0 rows affected (0.01 sec)

nysqgl > INSERT INTO ts _test3 (data) VALUES ('original_value');
Query OK, 1 row affected (0.00 sec)

nysql > SELECT * FROM ts_test3;

--------------------- o B
| updated_tine | data |
T o +
| 0000-00-00 00:00: 00 | ori ginal _val ue |
T L T T +

1rowin set (0.00 sec)

nysqgl > UPDATE ts_test3 SET dat a=' updat ed val ue';
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: O

nysql > SELECT * FROM ts_test3;
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| updated tine | data |

1rowin set (0.00 sec)

Note that you can choose to use CURRENT_TI MESTAMP with neither, either, or both of the attributes
for a single TI MESTAMP column, but you cannot use DEFAULT CURRENT Tl MESTAMP with one
column and ON UPDATE CURRENT _ Tl MESTAMP with another:

nysql > CREATE TABLE ts_test4 (

-> created TI MESTAMP DEFAULT CURRENT TI MESTAMP,

-> updat ed TI MESTAMP ON UPDATE CURRENT_TI MESTAMNP,

-> ) dat a CHAR(30)

-> '
ERROR 1293 (HYO000): Incorrect table definition; there can be
only one TI MESTAMP col umm with CURRENT_TI MESTAMP i n DEFAULT
or ON UPDATE cl ause

Nevertheless, you can achieve the effect of having one column with the creation time and another with
the time of the last update. To do this, create two TI MESTAMP columns. Define the column that should
hold the creation time with DEFAULT O and explicitly set it to NULL whenever you | NSERT a new re-
cord. Define the column that should hold the updated time with DEFAULT CURRENT_TI MESTAMP:

nmysql > CREATE TABLE ts_test5 (
-> created TI MESTAMP DEFAULT O,
-> updated TI MESTAMP ON UPDATE CURRENT_TI MESTAMP,
-> dat a CHAR(30)
-> .
Query (]( 0 rows affected (0.01 sec)
nysgl > INSERT INTO ts_test5 (created, data)
-> VALUES (NULL, 'original_value');
Query OK, 1 row affected (0.00 sec)

rrysql > SELECT * FROMts_test5;

--------------------- S &
| created | updated | data |
e e o - +
| 2005-01-04 14:47:39 | 0000-00-00 00:00:00 | ori ginal val ue |
i o e o e o e e e e e e e e e oo oo +

1 rowin set (0.00 sec)

nysqgl > ...ti me passes ...

nysqgl > UPDATE ts_test5 SET dat a=' updat ed_val ue';
Query OK, 1 row affected (0.00 sec)

Rows matched: 1 Changed: 1 Warnings: O

nysql > SELECT * FROM ts_test5;

--------------------- T
| created | updated | data |
i i S +
| 2005-01-04 14:47:39 | 2005-01-04 14:47:52 | updat ed_val ue |
o T L T TRy ap +

1 rowin set (0.00 sec)

As mentioned in section 1.4.2, "Storing and Retrieving NULL Valuesin TI MESTAMP Columns," spe-
cifying NULL for a TI MESTAMP column implicitly changes its default vaue from CUR-
RENT_TI MESTAMP to NULL if no explicit default valueis given.
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1.4.4. Support for Per-Connection Time Zones

In MySQL Server 4.1, it is now possible to set the current time zone on a per-connection basis.

To discuss time zones, we must first introduce a number of concepts:

» UTCis"Coordinated Universal Time" and is the common reference point for time measurement. For
purposes of this discussion, UTC is the same as Greenwich Mean Time (GMT), although time zone
afficionados get into long discussions about astronomical observations, atomic clocks, "Universal
Time" vs. "Greenwich Mean Time" vs. "Coordinated Universal Time," and much else.

» There are three time zone formats available to use with MySQL :

e The signed hour/minute offset of atime zone is expressed as' +hh: nm or' - hh: nm , where
hh and mm stand for two-digit hours and minutes, respectively. UTC is, in this format, com-
monly expressed as ' +00: 00' . Each time zone bases its offset according to the distance
between it and the UTC time zone. Berlin, Germany, is one hour ahead of Greenwich, England
(for example, the sun risesin Berlin approximately one hour before it does in Greenwich), so the
hour/minute offset for Berlin is expressed as ' +01: 00' . In New York, where the sun rises
some 5 hours after it does in Greenwich, the hour/minute offset is expressed as' - 05: 00" .

« The named time zone for a given location is defined by a string such as' US/ East er n' , which
istrandated into the correct time zone by the server. MySQL supports named time zones through
aset of time zonetablesinthemysql database.

e Thethird format is the SYSTEMtime zone. This stands for the time zone value that the MySQL
server retrieves from the server host. The server uses this value as its default time zone setting
when it begins executing.

The exact details of support for named time zones differ slightly from one operating system to the next,
and are not covered in any detail on the certification exam. However, knowing how to use time zone
support using signed offsets is mandatory.

Time zone settings are determined by the t i ne_zone system variable. The server maintains a global
ti me_zone vaue aswell asasessionti ne_zone value for each client that connects. The session
value isinitialized for a given client, from the current value of the global t i me_zone variable, when
the client connects.

The default setting for the global value is SYSTEM which thus also becomes each client's initial session
ti me_zone value. The global and session time zone settings can be retrieved with the following state-
ment:

nysqgl > SELECT @@l obal .ti me_zone, @®ession.tine_zone;
o e e e o e +

| @@l obal.tine_zone | @®ession.time_zone |
Fom e e e e ek e +
| SYSTEM | SYSTEM |
o e e e e e +

1 rowin set (0.00 sec)

MySQL Server stores TI MESTAMP values internally in UTC. It converts TI MESTAMP values from the
server's current time zone for storage, and converts back to the current time zone for retrieval. The
standard setting for both server and the per-client connection is to use the SYSTEM setting, which the
server retrieves from the host at startup.

If the time zone setting is the same for both storage and retrieval, you will get back the same value you
store. If you store a TI MESTAMP value, and then change the time zone to a different value, the returned

9
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TI MESTAMP value will be different from the one you stored.

The following examples demonstrate how to change the session time zone settings to store and retrieve
TI MESTAMP data. First, we set both the global and the session time zonesto UTC, that is, ' +00: 00" :

nysql > SET tinme_zone = '+00: 00" ;
Query OK, 0 rows affected (0.00 sec)

nysql > SELECT @®ession.tine_zone;

Fom e e e e +
| @Bession.tinme_zone |
o +
| +00: 00 |
o +

1 rowin set (0.00 sec)

Next, we create a simple table containing just a TI MESTAMP column named t s and insert one record
that assigns the current timeto t s. Then we retrieve the record:

nysqgl > CREATE TABLE ts test (ts TIMESTAWP);
Query OK, 0 rows affected (0.01 sec)

nysqgl > I NSERT INTO ts_test (ts) VALUES (NULL);
Query OK, 1 row affected (0.00 sec)

nmysqgl > SELECT * FROMts_test;

oo +
| ts |
g +
| 2005-01-04 20:50: 18 |
i +

1 rowin set (0.00 sec)

Finally, we change the session time zone twice, each time retrieving the value after the change. This
demonstrates that, even though we're retrieving the same TI MESTAMP value, the change in time zone
setting causes the "localized" display value to be different each time:

nysql > SET tinme_zone = '+02:00';
Query OK, 0 rows affected (0.00 sec)

nysqgl > SELECT * FROMts_test;

oo +
| ts |
o e e o +
| 2005-01-04 22:50: 18 |
e +

1 rowin set (0.00 sec)

nysql > SET tinme_zone = '-05:00";
Query OK, 0 rows affected (0.00 sec)

nysqgl > SELECT * FROMts_test;

o e ee e +
| ts |
o e ee e +
| 2005-01-04 15:50:18 |
oo +

1 rowin set (0.00 sec)

The per-connection time zone settings also influence other aspects of the MySQL server that depend on
the current time, most notably the function NOW( ) .

10
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MySQL Server 4.1 aso introduces the function CONVERT _TZ( ) , which performs time zone conver-
sions of dat et i e values:

nysql > SELECT CONVERT_TZ(' 2005-01-27 13:30:00', '+01:00', '+03:00");

Ui up o +
| CONVERT TZ(' 2005-01-27 13:30:00', '+01:00', '+03:00") |
o o o e e o e e e e e e e eeee—eeao oo +
| 2005-01-27 15:30: 00 |
oy +

1 rowin set (0.00 sec)

CONVERT_TZ() assumes that the given dat et i e value has the time zone represented by the first
hour/minute offset argument, and converts it to a value in the time zone represented by the second offset
argument. The result is that you get the same dat et i ne value, from the point of view of a different
time zone.

Subqueries

One of the most important new features of MySQL Server 4.1 is the ability to use subqueries. A sub-
query isa SELECT statement that is placed inside another SQL statement.

As a matter of fact, versions of MySQL Server prior to 4.1 also had subquery support, abeit to a very
limited extent. You are aready familiar with the two constructs | NSERT | NTO ...SELECT and CRE-
ATE TABLE ... SELECT. In both of these, the SELECT isafully qualified subquery. However, there'sa
lot more to subqueries than these simple usages. Many of the examples that follow use the tables in the
wor | d database, which isaso used in the MySQL Certification Study Guide. (Thewor | d database was
compiled by and is copyright Statistics Finland, http://www.stat.fi/worldinfigures. You can download a
copy of thewor | d sample database from http://dev.mysgl.com/doc.)

The following example shows how a simple subquery works. We use the two tables Count ry and
Count r yLanguage from thewor | d database to find the languages spoken in Finland:

nysql > SELECT Language
-> FROM Count ryLanguage
-> WHERE CountryCode = (SELECT Code
-> FROM Count ry
-> WHERE Nane='Fi nl and');

| Language |
Fomm oo - +
| Estonian |
| Finnish

| Russian
| Saane

| Swedi sh

5 rows in set (0.00 sec)

The following query could not have been written as a single, efficient statement in previous versions of
MySQL Server. It determines which country has the most populous city in the world:

nysql > SELECT Country. Nane
-> FROM Country, City
-> WHERE Country. Code = City. CountryCode
-> AND City. Population = (SELECT MAX(Popul ati on)
-> FROM City);

11
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1 rowin set (0.01 sec)

However, as you will undoubtedly notice in many of the descriptions and examples in this section, most
uses of subqueries can be rewritten to completely equivalent (and often more efficient) queries using
joins. Nonetheless, subqueries are preferred by many as an alternative way of specifying relations that
otherwise reguire complex joins or unions. Some users insist on using subqueries smply because they
find them much more readable and easier to maintain than queries involving complex joins.

Four Types of Subqueries

In this discussion, we divide subqueries into four general categories, which affect the contexts in which
they can be used:

» Scalar subqueriesreturn asingle value, that is, one row with one column of data. The previous query
isan example of ascalar subquery.

* Row subqueries return a single row with one or more columns of data.
e Column subqueries return one or more rows of data, in a single column.

» Table subqueries return aresult with one or more rows containing one or more columns of data.

Correlated Subqueries

Another distinction between subqueries is whether or not they are correlated. A correlated subquery is a
subquery that contains references to the values in the outer query. In the following example, we calcu-
late which country on each continent has the largest population. The value of the column Cont i nent
which appears in the outer query, is used to limit the number of rows considered for the MAX() calcula
tion in the subquery.

nysqgl > SELECT Continent, Nane, Popul ation
-> FROM Country ¢
-> WHERE Popul ation = (SELECT MAX(Popul ati on)

-> FROM Country c2
-> VHERE c. Conti nent =c2. Cont i nent
-> '
Fom e e e e o oo . 2 ------------------------------------ Fom e o
| Continent | Nane | Popul ation
oo o m o e e e e e e e e eeeaoao- e
Cceani a Australia 18886000
Sout h Aneri ca Brazil 170115000
Asi a Chi na 1277558000
Africa Ni geri a 111506000
Eur ope Russi an Federation 146934000
North Anerica United States 278357000
Antarctica Antarctica 0
Antarctica Bouvet | sl and 0
Antarctica South Ceorgia and the South Sandwi ch | sl ands 0
Antarctica Heard | sl and and McDonal d | sl ands 0
Antarctica French Southern territories 0
oo o m o e e e e e e e e eeeaoao- e

11 rows in set (0.07 sec)

The 5 lines of output for Antarctica are quite correct. Although the continent of Antarctica has no coun-
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triesin reality, it does consist of a number of administered territories. The wor | d database recognizes 5
of these as countries. So there areindeed 5 "countries" in Antarctica, al of which have a population of O.
Thus, they are all contenders for the maximum population in Antarctica, whichisalso 0.

Note how the table qualifiers ¢ and c2 are used in the example. This is necessary because the columns

that are used to correlate values from the inner and outer queries come from different copies of the same
table and thus have the same name.

Comparing Subquery Results to Outer Query

Columns

The previous sections showed two examples of scalar subqueries that use the = equality operator to
compare a single column to the value returned by the subquery. But you are not limited to using the =
equality operator. When comparing the values in the outer query with those returned by a scalar sub-
query, you can make use of al the usual comparison operators such as =, <, >, <>, and >=.

You can use a scalar subquery wherever you would otherwise use aliteral value (suchas3 or' abc' ), a
function value (such as RAND( ) ), or any column value. A more thorough discussion on using scalar
subqueries appearsin 1.5.7, " Subqueries as Scalar Expressions.”

When using scalar subqueries in comparisons, you must ensure that the subquery returns only a single
value. Suppose that we wanted to find out whether there is a country that has a city with a population of
less than 100, using the following subquery:

nysqgl > SELECT Code c, Nane
-> FROM Country
-> WHERE 100 > ( SELECT Popul ati on
-> FROM City
-> WHERE CountryCode = c);
ERROR 1242 (21000): Subquery returns nore than 1 row

The subguery returns more than one value, so the statement fails.

To perform a comparison between a scalar value and a subquery that returns several rows of datain a
single column (a column subguery), we must use a quantified comparison. The quantifier keywords
ALL, ANY, and SOVE et us consider multiple-row resultsin our comparisons.

Using the ALL keyword when doing a comparison with a column subquery limits the result set to only
those records where the comparison is true for all values produced by the subquery. Consider the fol-
lowing query, which tells us the average country population for each of the world's continents:

nmysqgl > SELECT Continent, AV Popul ati on)
-> FROM Country
-> GROUP BY Conti nent;

Asi a 72647562. 7451

| | |
| Europe | 15871186. 9565 |
| North Anerica | 13053864. 8649 |
| Africa | 13525431. 0345 |
| Cceania | 1085755. 3571 |
| Antarctica | 0. 0000 |
| | |

Sout h Anerica 24698571: 4286

7 rows in set (0.00 sec)
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Now, suppose that we would like to know all the countries in the world where the population is larger
than the average country population of all of the world's continents. To get this information, we can use
ALL in conjunction with the > operator to compare the value of the country population with every aver-
age continent popul ation from the preceding result:

nmysqgl > SELECT Name, Popul ation
-> FROM Country
-> WHERE Popul ati on > ALL (SELECT AVE Popul ati on)

-> FROM Country
-> GROUP BY Conti nent)
-> ORDER BY Nane;
Fom e e ea oo Fom e ek +
| Nare | Popul ation
oo oo - o m e oo - +
Bangl adesh 129155000
Brazi | 170115000
Chi na 1277558000
Ger many 82164700
I ndi a 1013662000
I ndonesi a 212107000
Japan 126714000
Mexi co 98881000
Ni geri a 111506000
Paki st an 156483000
Phi | i ppi nes 75967000
Russi an Federati on 146934000
United States 278357000
Vi et nam 79832000
Fom e e e e e e o B RS +

14 rows in set (0.00 sec)

Note that Cont i nent has been removed from the subquery's SELECT clause, because a quantified
subquery can produce only a single column of values. If the subquery is written to select both the Con-
t i nent column and the calculated column, MySQL cannot tell which one to use in the comparison and
issues a complaint:

nysql > SELECT Nane
-> FROM Country
-> WHERE Popul ation > ALL (SELECT Continent, AVE Popul ati on)
-> FROM Country
-> GROUP BY Conti nent)
-> ORDER BY Nane;
ERROR 1241 (21000): Operand should contain 1 col um(s)

The keyword ANY (as well as the other quantified comparison keywords) is not limited to working with
the = operator. Any of the standard comparison operators (=, <, >, <>, >=, and so forth) may be used
for the comparison.

Comparisons using the word ANY will, as the name implies, succeed for any values in the column of
data found by the subquery which succeed in the comparison. The following example finds the countries
on the European continent, and, for each one, tests whether the country is among the world-wide list of
countries where Spanish is spoken:

nysql > SELECT Nane
-> FROM Country

-> WHERE Conti nent = ' Europe'

->  AND Code = ANY (SELECT CountryCode

-> FROM Count r yLanguage

-> WHERE Language = " Spani sh")

-> CORDER BY Nane,
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U +
| Nane |
Fomm e e e +
| Andorra |
| France |
| Spain |
| Sweden |
e e e e o - +

4 rows in set (0.00 sec)

Compare that query to the following one using ALL: We run the same query, changing ANY to ALL to
seeif the European continent covers all those countries where Spanish is spoken:

nysqgl > SELECT Nane
-> FROM Country

-> WHERE Conti nent = 'Europe'

-> AND Code = ALL (SELECT CountryCode

-> FROM Count r yLanguage

-> WHERE Language = ' Spani sh')

-> ORDER BY Nane;
Enpty set (0.00 sec)

Because the result is empty, we can conclude that the European continent is not the only one where
Spanish is spoken.

The word SOVE is an dlias for ANY, and may be used anywhere that ANY is used. The SQL standard
defines these two words with the same meaning to overcome a limitation in the English language. Con-
sider the following statement, in which we use <> ANY to negate the sense of the previous ANY ex-
ample. As you read the example, try to form a sentence in your head to describe the output you would
expect from the query (the output has been reduced to enhance readability):

nysql > SELECT Nane
-> FROM Country
-> WHERE Conti nent = 'Europe'
->  AND Code <> ANY (SELECT CountryCode
-> FROM Count r yLanguage
-> WHERE Language = ' Spani sh')
-> ORDER BY Nane;

Austria

"Fi nl and
France
Ger many

Sval bard and Jan Mayen
Sweden

Swit zerl and

Ukr ai ne

Uni ted Ki ngdom

Yugosl avi a

46 rows in set (0.01 sec)

Y ou probably expected this query to find "all the countries on the European continent where Spanish is
not spoken”, or something similar. Yet the query actually finds every single country on the European
continent.
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In the English language, we expect "not any" to mean "none at al". However, in SQL, <> ANY means
"one or more do not match". In other words, the statement is really saying "return all the countries,
where there are some people that do not speak Spanish”. In our example, for all of the four countries
where there are Spanish speakers, we do in fact also find speakers of other languages.

To dleviate the confusion that might arise from the use of <> ANY, the SQL standard includes the
SOVE keyword, as a synonym for ANY. Using the <> SOME construct makes it easier to understand the
expected outcome of the SQL statement:

SELECT Narme
FROM Country
VWHERE Continent = 'Europe'
AND Code <> SOME ( SELECT CountryCode
FROM Count r yLanguage
WHERE Language = ' Spani sh')
ORDER BY Nane;

Using | Nand EXI STS

In addition to the quantified comparison predicates formed with ALL, ANY, and SOVE, there are two fur-
ther predicates supported by MySQL Server: | Nand EXI STS.

You are already familiar with the variant of [ NOT] | N that may be used in an expression, as shown in
the following example:

nysql > SELECT Nane
-> FROM Country
-> WHERE Code IN ('DEU, '"USA', "JPN);

S +
| Nane |
SR +
| Germany |
| Japan

| United States |
. +

3 rows in set (0.00 sec)

However, in this case using | N is merely a shorthand for writing WHERE Code=' DEU OR
Code=' USA'" ORCode=" JPN . It has nothing to do with subqueries.

When | Nis used with a subquery, it is functionally equivalent to = ANY (note that the = sign is part of
the equivalence). Many consider | N to be more readable than = ANY, because what you really want to
know is "does this value appear in the subquery?' As an example, consider the equivalent | N version of
the = ANY example shown in the previous section:

SELECT Nare
FROM Count ry
WHERE Conti nent = 'Europe'
AND Code I N (SELECT CountryCode
FROM Count r yLanguage
WHERE Language = ' Spani sh')
ORDER BY Nane;

I N cannot be combined with any comparison operators such as = or <>.
NOT | Nis another "shorthand." However, it isnot an alias of <> ANY as you might otherwise expect. It

isanaiasof <> ALL. In other words, NOT | Nisonly trueif none of the records of the subquery can be
matched by the outer query. In the example for SOVE, we demonstrated that <> ANY would return re-
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cords of countries where some people didn't speak Spanish. The same query, using NOT | N (that is, <>
ALL) will return only those countries where Spanish is not spoken at all. Although it may seem logically
flawed that | N and NOT | N are aliases of two very different statements, it fits better with the way that
we usually understand the equivalent English terms.

The EXI STS predicate performs a simple test; It tells you whether the subquery finds any rows. It does
not return the actual values found in any of the rows, it merely returns TRUE if any rows were found and
FALSE if no rows were found. As does one of our previous examples, the following example finds
countries on the European continent where Spanish is spoken. But with this query, no actual comparison
is made between the data in the outer query and the rows found in the inner query.

nysql > SELECT Code c, Nane
-> FROM Country

-> WHERE Conti nent = 'Europe'
->  AND EXI STS ( SELECT *
-> FROM Count r yLanguage
-> WHERE CountryCode = ¢
-> AND Language = ' Spani sh');
+-- - - - B SR +
| ¢ | Name |
S — Fomm e oo - +
| AND | Andorra |
| ESP | Spain |
| FRA | France |
| SVE | Sweden |

4 rows in set (0.00 sec)

The use of SELECT * in the subquery is purely by tradition. Y ou can use a different column list aslong
as the subquery is syntactically correct. No column values are ever needed for comparison, so MySQL
never actually evaluates the column list given in the subquery SELECT. For example, you could replace
the* with aconstant value such as 1, 0, or even NULL.

EXI STS can be negated using NOT EXI STS, which, as the name implies, returns TRUE for subquery
result sets with no rows. Replacing EXI STS with NOT EXI STS in the previous example shows those 42
countries on the European continent in which Spanish is not spoken at all.

Comparison Using Row Subqueries

For row subqueries, we can perform an equality comparison for al columns in a row. The subquery
must return a single row. This method of comparison is not often used, but can provide some conveni-
ence for certain comparison operations. In the following example, we find the name of the capita of
Finland. The query makes use of the fact that the city's name is stored inthe Ci t y table, whereas the ID
of acountry's capital city isstored inthe Count ry table:

nysql > SELECT City. Nane

-> FROM City

-> WHERE (City.ID, City.CountryCode) =

-> (SELECT Capital, Code

-> FROM Country

-> VWHERE Nane='Fi nl and');
o e e e oo +
| Name |
T +
| Hel sinki [Helsingfors] |
e +

1 rowin set (0.02 sec)

Notice the use of the construct (City. I D, GCity. CountryCode). Thisis known as arow con-

17



1.5.6.

Updates to the Core Exam

structor. An equivalent method of defining arow isusing RON ) , to underscore the fact that the values
are used to construct a row of data for comparison. In this case, we would have written
RONCity.ID, City. CountryCode).

Trying to compare a tuple created by the row constructor with a subquery that returns several rows at
once produces an error. The following example is similar to the preceding one, but does not work be-
cause there is no limit on the number of rows returned by the subquery:

nysqgl > SELECT City. Nane

-> FROM City

-> WHERE (City.ID, City.CountryCode) =
-> ( SELECT Capital, Code

-> FROM Country);

ERROR 1242 (21000): Subquery returns nmore than 1 row

Row constructors can be used only for equality comparison using the = operator. Y ou may not use other
comparison operators such as <, >, or <>; nor may you use special words such as ALL, ANY, or | N.

Row constructors are commonly used with row subqueries, but they can be used in other contexts, and
they may contain any type of scalar expression. For example, the following is alegal statement:

nysql > SELECT Name, Popul ation
-> FROM Country
-> WHERE (Continent, Region) = ('Europe', 'Wstern Europe');

oo oo +
| Nare | Popul ation |
S T +
Net her | ands 15864000
Bel gi um 10239000
Austria 8091800
Li echtenstein 32300
Luxemrbour g 435700
Monaco 34000
France 59225700
Ger many 82164700
Swi tzerl and 7160400
oo N +

9 rows in set (0.01 sec)

In practice, row constructors are often inefficient when used like this, so it is more common to write the
equivalent expression using AND. The query optimizer performs better if you write the WHERE clause
like this:

SELECT Nane, Popul ation

FROM Country
WHERE Continent = 'Europe' AND Region = 'Wstern Europe';

Using Subqueries in the FROMClause

Subqueries may be used in the FROMclause of a SELECT statement. In the following query, we find the
average of the sums of the population of each continent:

nysqgl > SELECT AVG cont _sum
-> FROM ( SELECT Conti nent, SUM Popul ati on) AS cont_sum

-> FROM Country
-> GROUP BY Conti nent
-> ) AS _t;

Fmmm e e eae e +

| AVGE cont_sum) |
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1 rowin set (0.13 sec)
Because every table that appears in a FROM clause must have a name, a subquery in the FROM clause
must be followed by atable alias.

The SELECT in the FROM clause can be a table subquery, even if not al of its values are used by the
outer query. This is shown by the preceding example, where the Cont i nent column selected by the
subquery is not used by the outer query.

Subqueries in FROMclauses may not be correlated with the outer statement.

Subqueries as Scalar Expressions

Scalar subqueries can appear anywhere that a scalar value is allowed by the SQL syntax. This means
that you can use subqueries as function parameters, use mathematical operators on subqueries that con-
tain numeric values, and so forth. The following example shows how to use a scalar subquery as a para
meter to the CONCAT() function:

nysqgl > SELECT CONCAT(' The country code for Finland is: ',

-> ( SELECT Code
-> FROM Country
-> VWHERE Name=' Fi nl and )) AS si;
e mmeceme e e e e e e e e e e e e e e e e e e .. ... ———--
| sl |
oo o e e e e e e e e e e e e e e e aa oo +
| The country code for Finland is: FIN |
o m e e e e e e e e e e e e e e e e eaa oo +

1 rowin set (0.02 sec)

Notice that the subquery must be enclosed in parentheses here, just asin any other context where a sub-
query may appear.

The next example shows the use of scalar subqueries in a mathematical expression that calculates the ra
tio of the peopleliving in cities to that of the world population:

rrysql > SELECT (SELECT SUM Popul ati on) FROM City) /
( SELECT SUM Popul ati on) FROM Country) AS ratio;

F +
| ratio |
B S —— +
| 0.24 |
B S, +

1 rowin set (0.02 sec)

Subqueries and Updating Statements

Use of subqueries is not limited to SELECT statements. Any SQL statement that includes a WHERE
clause or scalar expression may use subqueries. For example, to create a new table containing every
North American city, and then later remove all cities located in countries where the life expectancy is
less than 70 years, use these statements:

nysql > CREATE TABLE nacities
-> SELECT * FROM Gty
-> WHERE CountryCode | N (SELECT Code
-> FROM Count ry
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-> WHERE Continent='North Anerica');
Query OK, 581 rows affected (0.11 sec)
Records: 581 Duplicates: 0 Warnings: O

nysqgl > DELETE FROM naciti es

-> WHERE CountryCode I N (SELECT Code

-> FROM Country

-> WHERE Li f eExpectancy < 70.0);
Query OK, 26 rows affected (0.02 sec)

Although subqueries can be used to retrieve or aggregate data from other tables for updating statements
(such as UPDATE. DELETE, | NSERT, and REPLACE) MySQL does not alow the table being updated
to appear in any subquery of the statement. For example, the following statement yields an error:

nysql > DELETE FROM naciti es

-> WHERE I D IN (SELECT 1D

-> FROM nacities

-> WHERE Popul ati on < 500);
ERROR 1093 (HYO000): You can't specify target table 'nacities'
for update in FROM cl ause

Prepared Statements

A new feature of MySQL Server 4.1 is support for prepared statements. Prepared statements are useful
when you want to run several queries that differ only in very small details.

Besides being a convenience, prepared statements also offer enhanced performance, because the com-
plete statement is parsed only once by the server. Once the parse is complete, the server and client may
make use of a new protocol that makes fewer data conversions (and usually makes for less traffic
between the server and client) than in earlier versions of MySQL.

MySQL Server 4.1 does not alow every type of SQL statement to be prepared. The types of SQL state-
ment that may be prepared are limited to the following:

» SELECT statements
» Updating statements: | NSERT, REPLACE, UPDATE, and DELETE

» CREATE TABLE statements

In most circumstances, statements are prepared and executed using the application programming inter-
face that you normally use with MySQL. However, to aid in testing and debugging, it is possible to
define and use prepared statements from within the mysql command-line client. For purposes of certi-
fication, prepared statement use from within the mysql command-line client is the context used to ex-
plain prepared statements here. It is also the context in which questions on prepared statements will ap-
pear on the exam.

Preparing a Statement

The PREPARE statement is used to define an SQL statement that will be executed later. PREPARE takes
two arguments: the text of an SQL statement, and a name to assign to the statement once it has been pre-
pared. The statement may not be complete, because data values that are unknown at preparation time are
represented by question mark ('?") characters that serve as parameter markers. At the time the statement
is executed, you provide specific data values. The server replaces the markers with the values to com-
plete the statement. Different values can be used each time the statement is executed.
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In the following example, we prepare a statement named nanepop. When executed later with a country
code as a parameter value, the statement will return a result set containing the corresponding country
name and population from our database.

nysql > PREPARE nanmepop FROM'
'> SELECT Nane, Popul ation
"> FROM Country
"> WHERE Code = ?
bs o
Query OK, 0 rows affected (0.02 sec)
St at ement prepar ed

The message St at enent  pr epar ed tells us that the server is ready to execute the nanmepop state-
ment. On the other hand, if the server finds a problem as it parses the statement during a PREPARE, it
returns an error and does not prepare the statement:

nysql > PREPARE error FROM'
"> SELECT NonExi sti ngCol um
"> FROM Country
"> WHERE Code = ?
bSor
ERROR 1054 (42S22): Unknown col umm ' NonExi stingColum' in '"field Iist'

If you PREPARE a statement using a statement name that already exists, the server first discards the pre-
pared statement currently associated with the name, and then prepares the new statement. If the new
statement contains an error and cannot be prepared, the result is that no statement with the given name
will exist.

A prepared statement exists only for the duration of the session in which it is created, and is visible only
to the session in which it is created. When a session ends, all prepared statements for that session are
discarded.

User Variables for Prepared Statements

After a statement has been prepared, it can be executed. If the statement contains any '?' parameter
markers, a data value must be supplied for each of them by means of user variables. (The certification
exam does not cover user variables in depth. Here, as well as on the exam, we cover them only to the ex-
tent required to demonstrate their use with prepared statements.)

User variables are written as @ ar _narme and may be set to an integer, real, string, or NULL value. To
assign avalueto avariablein a SET statement, you can use either = or : = as the assignment operator:

nysqgl > SET @arl = ' USA';
Query OK, 0 rows affected (0.00 sec)

nysqgl > SET @ar2 := 'GBR ;
Query OK, 0 rows affected (0.00 sec)

In other contexts, such asinside a SELECT statement, use the : = assignment operator (not =), and omit
the SET keyword:

nysql > SELECT @ar3 := 'CAN ;
oo +
| @ar3 :="'CAN |
Fom e e e oo +
| CAN |
o e e +
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1 rowin set (0.00 sec)

If you refer to an uninitialized variable that has not been assigned a value explicitly, itsvalueis NULL:

rrysql> SELECT @arl @ar2 @ar3 @ar 4;

1 rowin set (0.00 sec)

User variables exist only for the duration of the connection in which they are used. When the connection
ends, all user variables are lost.

Executing the Prepared Statement

To execute a prepared statement, initialize any user variables needed to provide parameter values, and
then issue an EXECUTE ...USI NG statement. Here's a complete example that prepares a statement and
then executes it several times using different data values:

nysql > PREPARE nanepop FROM'

"> SELECT Nane, Popul ation

"> FROM Country

"> WHERE Code = ?

bSor
Query OK, 0 rows affected (0.00 sec)
St at ement prepar ed

nmysqgl > SET @arl = ' USA';
Query OK, 0 rows af f ect ed (0.00 sec)

nysql > EXECUTE narrepop USI NG @arl

1 rowin set (O. OO sec)

nysqgl > SET @ar2 = ' GBR ;
Query OK, 0 rows affected (0.00 sec)

nysql > EXECUTE namapop USI NG @arz

e
| Nane | Popul ati on |
o - Fom ek
| United Ki ngdom | 59623400 |
T T Ty +

1rowin set (O. OO sec)

nysqgl > SELECT @ar3 := 'CAN ;
B +
| @ar3 :="'CAN |
LT +
| CAN |
. +

1 rowin set (0.00 sec)

nysql > EXECUTE narrepop USI NG @ar 3;
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| Narme | Popul ation |

1 rowin set (0.00 sec)

As mentioned earlier, if you refer to auser variable that has not been initialized, its valueis NULL:

nysqgl > EXECUTE namepop USI NG @ar 4;
Enpty set (0.00 sec)

Deallocating Prepared Statements

Because prepared statements are automatically dropped both when they are redefined and when you
close the connection to the server, there is rarely any reason to drop them explicitly. However, should
you wish to do so (for example, to free memory on the server side), use the DEALLOCATE PREPARE
Statement:

mysql > DEALLOCATE PREPARE nanepop;
Query OK, 0 rows affected (0.00 sec)

MySQL also provides DROP PREPARE as an alias for DEALL OCATE PREPARE.

Using Server-Side Help

MySQL Server 4.1 introduces server-side help for the mysgl command-line client. That is, you can per-
form lookups in the MySQL Reference Manual for a particular topic, right from the command-line. The
general syntax for accessing server-side help in the mysqgl client is HELP keywor d. The keyword
cont ent s will show you the top-most entries of the help system:

nysqgl > HELP contents;
You asked for hel p about hel p category: "Contents"
For nmore information, type 'help <itemr', where <itenr is one of
the foll owi ng categories:

Admi ni stration

Col um Types

Data Definition

Dat a Mani pul ati on

Functi ons

Ceographi c features

Transacti ons

However, you do not need to step through the items listed in the contents list to get help on a specific
subject. Suppose that you need to know how to get status information from the server, but can't remem-
ber the command. Typing in the following command yields some hints:

nysql > HELP STATUS;
Many help itens for your request exist
To make a nore specific request, please type 'help <item',
where <itenmr is one of the foll ow ng
t opi cs:
SHOW
SHOW MASTER STATUS
SHOW SLAVE STATUS

To get the more specific information offered, you can give the SHOWkeyword to the HEL P command:
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nysqgl > HELP SHOW
Name: ' SHOW
Descri ption:

SHOW has many forms that provide informati on about databases,
tabl es, colums, or status information about the server.
This section describes those foll ow ng:

SHOW [ FULL] COLUWNS FROM t bl _name [FROM db_nane] [LIKE 'pattern']
SHOW CREATE DATABASE db_nane

SHOW CREATE TABLE t bl _nane

SHOW DATABASES [ LI KE 'pattern']

SHOW [ STORAGE] ENG NES

SHOW ERRORS [LIMT [of fset,] row_count]

SHOW GRANTS FOR user

SHOW | NDEX FROM t bl _nane [ FROM db_nane]

SHOW | NNODB STATUS

SHOW [ BDB] LOGS

SHOW PRI VI LEGES

SHOW [ FULL] PROCESSLI ST

SHOW STATUS [LIKE ' pattern']

SHOW TABLE STATUS [ FROM db_nane] [LIKE 'pattern']
SHOW [ OPEN] TABLES [ FROM db_nane] [LIKE 'pattern’]
SHOW [ GLOBAL | SESSI ON] VARI ABLES [LIKE 'pattern']
SHOW WARNI NGS [LIMT [offset,] row_count]

If the syntax for a given SHOW statenment includes a LIKE 'pattern' part,
"pattern’' is a string that can contain the SQ '% and '_' wildcard
characters. The pattern is useful for restricting statenent output to
mat chi ng val ues.

Server-side help requires the help tables in the mysql database to be loaded, but that is an administrat-
ive matter beyond the scope of this addendum.

Using | NSERT ... ON DUPLI CATE KEY

UPDATE

MySQL Server 4.1 adds a new clause to the | NSERT statement: ON DUPL| CATE KEY UPDATE.

Normally, if you attempt to insert a row into a table that would result in a duplicate-key error for a
unique-valued index, the insertion fails. In some cases, you can use the REPLACE statement instead,
which deletes the old row and inserts the new one in its place.

However, REPLACE is not suitable if you wish to change only some columns of the old row. With the
new syntax, you have the option of choosing to update one or more columns of the existing row, rather
than letting the | NSERT statement fail or replacing the entire row.

This | NSERT syntax allows you to do in one statement what otherwise requires two (I NSERT and UP-
DATE). Also, for non-transactional tables, it saves you from having to explicitly lock the table to prevent
UPDATE errors when the referenced row may have been deleted in between the | NSERT and UPDATE.

One case where this new behavior is especialy useful is when you have a table with counters that are
tied to key values. When it's time to increment a counter in the record for a given key, you want to create
anew record if none exists for the key, but just increment the counter if the key does exist. For example,
suppose that we are tracking elephants in the wild and want to count the number of times each elephant
has been spotted at a given location. In this case, we can create a |l og table to log elephant sightings
based on the unique key of elephant name and location:;
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nysqgl > CREATE TABLE | og (
-> name CHAR(30) NOT NULL,
-> | ocati on CHAR(30) NOT NULL,
-> counter | NT UNSI GNED NOT NULL,
-> PRI MARY KEY (nane, |ocation));
Query OK, 0 rows affected (0.07 sec)

Then, every time we wish to log a sighting, we can use | NSERT without first checking whether the re-
cord exists. If we have just created the table, and the first two sightings that occur are for the elephant
"Tantor" over by the waterhole, we would use the same | NSERT statement each time. The first instance
of the statement inserts a record and the second causes it to be updated:

nysqgl > I NSERT | NTO | og (nane, |ocation, counter)
-> VALUES (' Tantor', 'Waterhole', 1)
-> ON DUPLI CATE KEY UPDATE count er =count er +1;
Query OK, 1 row affected (0.00 sec)

nysql > SELECT * FROM | og;

E R T +
| name | location | counter |
Fomm e e - e Fomm e e e +
| Tantor | Waterhole | 1|
Fomm e - S B R +

1 rowin set (0.00 sec)

nmysgl > I NSERT | NTO | og (nane, |ocation, counter)
-> VALUES (' Tantor', 'Waterhole', 1)
-> ON DUPLI CATE KEY UPDATE count er =count er +1;
Query K, 2 rows affected (0.00 sec)

nysql > SELECT * FROM | og;

E S T +
| nane | location | counter |
B R S B R +
| Tantor | Waterhole | 2 |
Fomm e - R Fomm e m e o +

1 rowin set (0.00 sec)

Notice the difference in the "rows affected" value returned by the server for each | NSERT statement: If
anew record isinserted, the valueis 1, if an already existing record was updated, the value is 2.

Using the GROUP_CONCAT() Function

GROUP_CONCAT( ) isanew aggregate function in MySQL 4.1. Like other aggregate functions such as
SUM ) and MAX() , itisused in grouping operations.

The purpose of the GROUP_CONCAT() function is to concatenate column values into a single string.
Thisis useful if you would otherwise perform a lookup of many rows and then concatenate them on the
client end. As our initial example, we create lists of the countries that have a particular form of govern-
ment on the South American continent:

nysqgl > SELECT CGover nment Form GROUP_CONCAT( Name) AS Countri es
-> FROM Country
-> WHERE Continent = 'South America'
-> GROUP BY Governnent Form G
khkkkkhhkkkhkhhkkkhhkkkhkhhkkkhhkxkhkhhkk*k 1 row khkkkkhhkkkhkhhkkkhhkkkhkhhkkkhhkxkhkhhkk*k
Gover nnent Form Dependent Territory of the UK
Countries: Fal kland Islands

khkkkkhkhkkkhkhkhkkkhkhkxkhkhkhkhkkhkhxkhhkk*k 2 r ow khkkkkhkhkkkhkkhkhkkkhkhkxkhkhkhkhkkhkhkxkhxkk*k
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Gover nnent Form Federal Republic

Countries: Argentina, Venezuel a, Brazi |
kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkkkk*x 3 I'OW kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkdkkk*x
Government Form Overseas Departnment of France

Countries: French Cuiana
R S o Sk b S S R S S R 4 r ow R S o Sk b S S R S S R
Cover nent Form  Republic

Countries: Chile, U uguay, Suri name, Peru, Par aguay, Bol i vi a,

Guyana, Ecuador, Col onbi a

4 rows in set (0.00 sec)

With the GROUP_CONCAT( ) function, as for all aggregate functions, we must specify the GROUP BY
clause for a statement, or the "group" is taken to be all records selected by the statement.

The default string separator used by GROUP_CONCAT() is’, ' (comma). Records are added to the res-
ulting string in the order in which the database server reads them. To change the separator and the con-
catenation order, add SEPARATOR and ORDER BY clauses, respectively, within the parentheses. For
ORDER BY, you can specify ASC or DESC, just aswhen you useit in other contexts:

nysqgl > SELECT CGover nnment For m

-> GROUP_CONCAT( Nane ORDER BY Nanme ASC SEPARATOR ' - ')

-> AS Countries

-> FROM Country

-> WHERE Continent = 'South Anerica'

-> GROUP BY Gover nnment Form G
kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkkhkkkx*%x 1 rOW kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkhkhkkhkhkkkkkx*x
CGover nment Form Dependent Territory of the UK

Countries: Falkland Islands
kkhkhkkhkhkkhkhkkhkhkkhkkhkhkdhkhdkhkhkhkkhkhkkhkhkkkkk*x 2 rOW kkhkhkkhkhkkhkhkkhkhkkhkkhkhkdhkhdkhkhkhkkhkhkkhkhkkkkk*x
Gover nment Form Federal Republic

Countries: Argentina - Brazil - Venezuel a
khkkkkhkhkkkhhhkkkhhkkkhhhkkkhhkkxkrhkkk*k 3 r ow khkkkkhhkkkhhhkkkhhkkkhhhkkkhhkxkhkhkkk*k
CGover nent Form Over seas Departnment of France

Countries: French Guiana
khkkkkhhkkkhkhhkkkhhkkhkhhkkkhhkxkhkhkkk*k 4 row khkkkkhhkkkhkhhkkkhhkkhkhhkkk hkxkhkkk*
Gover nnent Form Republic

Countries: Bolivia - Chile - Colonbia - Ecuador - Cuyana -

Paraguay - Peru - Suriname - Uruguay

4 rows in set (0.00 sec)

The next example for this function returns the continents that contain countries that have a name begin-
ning with "1", as well as the form of government for those countries. The example demonstrates that
GROUP_CONCAT() acceptsa DI STI NCT clause to remove duplicates from the concatenated list. The
first query shows what the result looks like without DI STI NCT, and the second uses DI STI NCT to dis-
play each form of government only once:

nysqgl > SELECT Conti nent,
-> GROUP_CONCAT( Gover nirent For m ORDER BY Gover nnent For m ASC)
-> AS ' Gover nment Formni
-> FROM Country
-> WHERE Nane LIKE '1%
-> GROUP BY Conti nent;

R o m o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mem oo +
| Continent | Government Form |
T o m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e emee oo +
| Asia | Federal Republic,Islamc Republic, Republic, Republic, Republic |
| Europe | Republic, Republic, Republic |
S o o s oL DL Lo L. .-_.... +

2 rows in set (0.01 sec)

nysqgl > SELECT Conti nent,
-> GROUP_CONCAT( DI STI NCT Gover nrent Form
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-> ORDER BY CGover nnent For m ASC)
-> AS ' Government Form

-> FROM Country

-> WHERE Nane LIKE '1%

-> GROUP BY Conti nent;

R o +
| Continent | Government Form |
Fom e e e oo - Fom e e e e e e e e e e e e e e e e e e e +
| Asia | Federal Republic,Islamc Republic, Republic |
| Europe | Republic |
- T e +

2 rows in set (0.00 sec)

Using GROUP BY ... WTH ROLLUP

Another new functionality that can be used with GROUP BY is WTH ROLLUP. Unlike
GROUP_CONCAT() , W TH ROLLUP is not an aggregate function, it is a modifier for the GROUP BY
clause.

Suppose that you need to generate a listing of the population of each continent, as well as the total of the
population on al continents. One way to do this is by running one query to get the per-continent totals
and another to get the total for all continents. Another way to get the results requires some application
programming: The application can retrieve the per-continent values and sum those to calculate the total
population value. By using W TH ROLLUP, you get both the detailed results as well as the total sum of
all rows, eliminating the need for multiple queries or extra processing on the client side:

nysql > SELECT Conti nent, SUM Popul ation) AS pop
-> FROM Country
-> GROUP BY Continent WTH ROLLUP;

Fom e e o e o - Fom e e e o +
| Continent | pop |
Fom e e e o S +
Asi a 3705025700
Eur ope 730074600
North Anerica 482993000
Africa 784475000
Cceani a 30401150
Antarctica 0
Sout h Anerica 345780000
NUL L 6078749450
o a e - Fom e e +

8 rows in set (0.01 sec)

The difference in the output from this statement compared to one without W TH ROLLUP occurs on the
last line, where the Cont i nent value contains NULL and the pop value contains the total sum of all
populations.

W TH ROLLUP performs a so-called super-aggregate operation: It does not simply generate a sum of
the numbers that appear in the pop column. Instead, the final line comprises applications of the given
aggregate function, asit iswritten in the SELECT clause, on every single row selected.

To illustrate this, consider the following example in which we calculate columns using the AVE ) func-
tion rather than SUM ) . The final rollup line contains the overall average, not the sum of averages. In
other words, the rollup line contains the numbers that would appear had there been no grouping columns
for the query:

nysql > SELECT Conti nent,
-> AVQE Popul ation) AS avg pop
-> FROM Count ry
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-> GROUP BY Continent WTH ROLLUP;

o e o e +

| Conti nent | avg_pop |

S Fom e e e oo oo - +
Asi a 72647562. 7451
Eur ope 15871186. 9565
North Anerica 13053864. 8649
Africa 13525431. 0345
Cceani a 1085755. 3571
Antarctica 0. 0000
Sout h Anerica 24698571. 4286
NULL 25434098. 1172

8 rows in set (0.01 sec)

nysqgl > SELECT AVE Popul ation) AS avg_pop
-> FROM Count ry;,

oo +
| avg_pop |
Femmmmmmm—a - +
| 25434098. 1172 |
oo +

1 rowin set (0.05 sec)

Before MySQL 4.1, getting al the results produced by the first statement in the preceding example
would require two separate statements: one to get the per-continent data and one to get the overall totals.
For large data sets, this is very inefficient compared to using W TH ROLLUP, which must scan the data

only once.

The use of W TH ROLLUP gets more interesting when several columns are grouped at once. When we
do this, we get summary results for each column named in the GROUP BY clause, as well as afinal sum-

mary row:
nysqgl > SELECT Conti nent, Region,
-> SUM Popul ation) AS pop,
-> AVE Popul ation) AS avg_pop

-> FROM Country
-> GROUP BY Conti nent,

o - o m e e e e e e e e oo
| Continent | Region
o - o m e e e e e me o
Asi a Eastern Asi a
Asi a M ddl e East
Asi a Sout heast Asi a
Asi a Sout hern and Central
Asi a NUL L
Eur ope Baltic Countries
Eur ope British Islands
Eur ope East ern Europe
Eur ope Nor di c Countries
Eur ope Sout hern Eur ope
Eur ope Western Europe
Eur ope NUL L
North Anerica Car i bbean
North Anerica Central America
North Anerica North Anerica
North Anerica NUL L
Africa Central Africa
Africa Eastern Africa
Africa Nort hern Africa
Africa Sout hern Africa
Africa Western Africa
Africa NULL

Regi on WTH ROLLUP;

Asi a

1507328000
188380700
518541000

1490776000

3705025700

7561900
63398500
307026000
24166400
144674200
183247600
730074600
38140000
135221000
309632000
482993000
95652000
246999000
173266000
46886000
221672000
784475000

188416000.
10465594.
47140090.

106484000.
72647562.

2520633.
31699250.
30702600.

3452342.

9644946.
20360844.
15871186.

1589166.
16902625.
61926400.
13053864.
10628000.
12349950.
24752285.

9377200.
13039529.
13525431.
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Cceani a Australia and New Zeal and 22753100 4550620. 0000
Cceani a Mel anesi a 6472000 1294400. 0000
Cceani a M cronesi a 543000 77571. 4286
Cceani a M cronesi a/ Cari bbean 0 0. 0000
Cceani a Pol ynesi a 633050 63305. 0000
Cceani a NUL L 30401150 1085755. 3571
Antarctica Antarctica 0 0. 0000
Antarctica NUL L 0 0. 0000
South Anerica South Anerica 345780000 24698571. 4286
Sout h Anerica NULL 345780000 24698571. 4286
NUL L NUL L 6078749450 25434098. 1172
o e - o m e e e e e eee o T o

33 rows in set (0.01 sec)

Note how the groupwise summaries are presented in the result: In addition to the final summary line, the
output includes an interim summary of the rows for a given continent whenever the Cont i nent value
changes. In these interim summary lines, Regi on isset to NULL.

Exercises

Many of the exercises in this book are based on the wor | d database. Y ou can download this database
from the MySQL documentation main page (http://dev.mysgl.com/doc), install it on your system, and
use it to solve the exercises.

Q1

How do you force a session opened with the mysqgl command-line tool to communicate with the server
using a TCP/IP connection?

Q2:

You want to create an | nnoDB table of dogs and their owners by issuing the following CREATE TA-
BLE statement:

1.11

CREATE TABLE dogs (
dog name CHAR(30),
owner _nanme CHAR(30)

) ENG NE = | nnoDB;

What happensiif the | nnoDB storage engine is disabled?

Q3:

The following CREATE TABLE statement is legal, and MySQL creates dogs asan | nnoDB tableif the
| nnoDB storage engineis available;

nysql > CREATE TABLE dogs (
-> dog_name CHAR(30),
-> owner_nane CHAR(30)
-> ) TYPE = I nnoDB;
Query OK, 0 rows affected, 1 warning (1.01 sec)

However, even though the statement has the intended effect, MySQL generates awarning. Why isthat?

Q4.

UIf wants to create an exact copy, caled Count ry_Copy, of the table Count ry in thewor | d data-
base. The new table must contain the same indexes, use the same storage engine, and contain the same
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data as the original table. Describe the steps necessary to create the copy.

Q5:

UIf has created an empty table named Ci t y_Copy that has the same columns asthe Ci t y tablein the
wor | d database. However, the two tables have dightly different structure, as shown here:

nysql > SHOW CREATE TABLE City\G

EE R S o Sk b S I S R S S R 1 r ow R S o Sk b S S R S S R
Table: City

Create Tabl e: CREATE TABLE "City  (

“ID int(11) NOT NULL auto_increnent,

“Name®™ char (35) NOT NULL default '',

“CountryCode™ char(3) NOT NULL default '',

"District® char(20) NOT NULL default '',

“Population® int(11) NOT NULL default 'O',

PRI MARY KEY ("ID)

ENG NE=Myl SAM DEFAULT CHARSET=l ati nl

row in set (0.00 sec)

[

nysql > SHOWN CREATE TABLE City_Copy\ G

R S R R I b O R 1 r ow R S b R Rk I b S R

Tabl e: City_Copy
Create Tabl e: CREATE TABLE "City_Copy" (
“ID int(11) NOT NULL default 'O0',
“Nanme® char(35) NOT NULL default "',
“CountryCode™ char(3) NOT NULL default "',
"District® char(20) NOT NULL default '',
“Population® int(11) NOT NULL default 'O
) ENA NE=My| SAM DEFAULT CHARSET=l ati nl
1 rowin set (0.00 sec)

What statement did UIf likely useto createthe Ci t y_Copy table?

Q6:

UIf wants to use a single statement to create atable called Ci t y_Copy 2 that has the same columns and
dataasthe Ci t y tableinthewor | d database. What statement should he use?

Q7.

Suppose that the following CREATE TABLE statement is issued at a time when a single-byte character
set isthe default:

CREATE TABLE dogs (
dog_nane CHAR(30) NOT NULL PRI MARY KEY,
owner nanme CHAR(30)

);

a. How much space (in bytes) is set aside for character datain each record that is added to the table?

b. Suppose that the table is dropped and recreated at a time when the default character set is the two-
byte ucs2 Unicode set. How much space is reserved for the character data in each record as it is
added?

c. For cases (a) and (b), explain how the character set used for the columns affects key values for any
indexes that include those columns.

Q8:
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ut f 8 is a character set in which individual characters take from one to three bytes storage each. If a
column that uses the ut f 8 character set is defined as CHAR( 100) , how many bytes of storage does
each value require?

Qo9:

Will the storage requirements for the column in the previous question change if you assign only ut f 8
strings that consist entirely of single-byte characters to the column?

Q10:

Describe the display format used by MySQL Server 4.1 for TI MESTAMP columns, as compared to the
format used for previous versions.

Q11:

In MySQL 4.1, if you issue a CREATE TABLE statement that contains a column defined as
TI MESTAMP(10) , how does MySQL handle the "( 10) " part of the definition that specifies a display
width?

Q12

Isit possible to store NULL valuesin a TI MESTAMP column? If so, how do you define the column to al-
low this?

Q13:
What is the effect of specifying a default value of CURRENT _TI MESTAMP for a TI MESTAMP column?
Q14:

What is the effect of specifying the ON UPDATE CURRENT_TI MESTANP attribute for a TI MESTAMP
column?

Q15:

Explain how you would go about creating and maintaining two TI MESTAMP columns named cr eat ed

and updat ed that meet the following requirements:

» Boththecr eat ed and updat ed columns are set to the current time when arecord is created.

» Theupdat ed column (but not the cr eat ed column) is set to the current time whenever the record
is updated.

Q16:

John is sitting in London, and connects to the company's MySQL 4.1 server. The server's global time
zone is the same as John's, namely ' +00: 00" (UTC). John executes the following statement:

nmysqgl > SELECT * FROM ti nest anps;
+

o
| ts |
o +
| 2005-03-27 13:30:00 |
oo +

1 rowin set (0.00 sec)
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Lydiaisworking in New Y ork, where the time zone is five hours earlier than in London. She wishes to
connect to the same server and see the contents of the same table — but adjusted for her own time zone.
What statements does Lydia need to execute?

Q17:

Johnisusingati me_zone setting of ' +00: 00" . He retrieves a TI MESTAMP value with the follow-
ing result:

nmysqgl > SELECT * FROM ti nest anps;
+

o
| ts |
o +
| 2005-04-02 06:45:00 |
oo +

1 rowin set (0.00 sec)

Lydia connects to the same server, adjusts her time zone, and retrieves the same TI MESTANMP value:
nysqgl > SET tinme_zone = '-05:00";
nysqgl > SELECT * FROM ti nest anps;

What value will Lydia see?

a ' 2005-04-02 01:45:00
b. '2005-04-02 06: 45: 00
C. '2005-04-02 11:45:00

Q18:

The following query selects those continents that have countries in which more than 50% of the popula
tion speak English. Isthis an example of using a correlated subquery? Why or why not?

SELECT DI STI NCT Conti nent
FROM Country
WHERE Code I N ( SELECT CountryCode
FROM Count r yLanguage
WHERE Language=' Engl i sh’
) AND Per cent age>50

Q19:

The following statement uses a non-correlated subquery to find the South American country with the
smallest population:

SELECT * FROM Country
VWHERE Continent = 'South America'

AND Popul ati on = (SELECT M N( Popul ati on) FROM Country
WHERE Continent = 'South Anerica');

Rewrite the statement to use a correlated subquery.

Q20:
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What is the effect of executing the following query?

SELECT Conti nent, Nane
FROM Country cl
WHERE Popul ation >= ALL ( SELECT Popul ati on
FROM Country c2
WHERE c1. Conti nent =c2. Cont i nent

);

Q21
What is the effect of executing the following query (compare to the previous exercise)?

SELECT Conti nent, Nane

FROM Country
WHERE SurfaceArea > ANY (SELECT AVGE SurfaceArea)
FROM Count ry
GROUP BY Conti nent
)
Q22:

Using the wor | d database, how would you use a subquery to write a SELECT statement that answers
the following question: What is the largest country (in terms of surface area) on each continent?

Q23:

Using the wor | d database, how would you use | N and a subquery to write a SELECT statement that
answers the following question: What languages are spoken in countries where the form of government
isamonarchy?

Q24

Using the wor | d database, how would you use EXI STS and a subquery to write a SELECT statement
that answers the following question: In what countries are people that speak German found?

Q25:
How would you use arow constructor to find the population of Houston, Texas, USA?
Q26:

Using a SELECT statement with a subquery in the FROMclause, find the number of people in the region
"Western Europe” that speak German as their mother tongue. The answer must be returned as a scalar.

Q27:
Why is the following use of a subquery in the FROMclause not correct?
SELECT Nane, Language
FROM Country AS c, (SELECT Language
FROM Count r yLanguage

WHERE CountryCode = c. Code

) AS tnp;
Q28:

Wherein an SQL statement may a scalar subquery be placed?
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Q29:

We would like to execute a query on the wor | d database that returns the name of a country with the
highest number of official languages, the number of official languages in that country, and what those
languages are. What should be inserted for each ". . . " in the following statement to accomplish this
task?

SELECT CONCAT(
"The country ",

has ",

‘official | anguages: ",
);

Hint: This exercise covers more subjects discussed in the text than you might initially think. Do test your
solution on thewor | d database before looking at the answer.

Q30:

Joe wants to create a table of country capitals. He creates the Capi t al s table by copying the structure
and data of the Ci t y table, but then by mistake copies all of the data from the Ci t y table into the
Capi t al s table:

nysql > CREATE TABLE Capitals LIKE City;
Query OK, 0 rows affected (0.02 sec)

nysqgl > I NSERT | NTO Capital s
-> SELECT * FROM City;

Query OK, 4079 rows affected (0.06 sec)
Records: 4079 Duplicates: 0 Warnings: 0

The city ID of a country's capital is stored in the Capi t al field of the Count ry table. Using a sub-
guery, how can Joe remove al the non-capital cities from the Capi t al s table?
Q31:
What is the main advantage of using prepared statements?
Q32
After you execute the following statements, how many prepared statements exist?
PREPARE s1 FROM ' SELECT 1';
PREPARE s2 FROM ' SELECT 2';
PREPARE s1 FROM ' SELECT (1+2';
Q33:
John connects to the server and prepares a statement:
nysql > PREPARE s1 FROM ' SELECT Nane, Popul ation
'> FROM Country WHERE Continent = ?';

Query OK, 0 rows affected (0.00 sec)
St at ement prepar ed

Then Lydia connects to the same server and prepares a statement with the same name:
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nysql > PREPARE s1 FROM ' SELECT NOW)';
Query OK, 0 rows affected (0.10 sec)
St at ement prepared

What effect does this have on John's prepared statement?

Q34:

Write a prepared statement that accepts a continent name and a population value as parameters, and uses
the parameter values to select, from the Count r y table, the countries located in the given continent that
have a population larger than the given population.

Q35:

Use the statement prepared in the previous exercise to determine which countries in Asia have a popula
tion of more than 100 million.

Q36:

John connects to the server and prepares a statement:

nysqgl > PREPARE s1 FROM ' SELECT Nane, Popul ation
'> FROM Country WHERE Continent = ?';

Query OK, 0 rows affected (0.00 sec)
St at ement prepar ed

The John disconnects, reconnects, and issues the following statements. What is the result of the EX-
ECUTE statement?

nysqgl > SET @ = ' South Anerica';

nysqgl > EXECUTE s1 USING @;

Q37:

How do you deallocate a prepared statement? | s it necessary to do so?

Q38:

Using the mysqgl command-line client, how would you look up information on the syntax of UPDATE
statements?

Q39:

The table access_| og contains information on the number of times employees of a secured office
open adoor protected by personal ID number (PIN) codes. The structure of thetable is:

[ S —— S [ +- - - - [ S —— F +
| Field | Type | Null | Key | Default | Extra |
e e e e o - . [ R F-- - - e e e e o - B S, +
| PIN | char(6) | | PRI | | |
| entries | int(10) unsigned | | | O | |
T o e oo R +-- - - - T Fomm oo +
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Fommm e Fommmmaaa- +
| 156734 | 6 |
| 578924 | 2 |
| 479645 | 10 |
| 356845 | 5 |
Foee e o +

Now, two employees enter through the secured door using their PIN codes.

» Thefirst employee uses the PIN code 578924.

» The second employee, who has not used the system before, uses the PIN code 687456 (which is a
valid PIN for the door).

How can you log both entries in the access_| og table using a statement that is the same for each

entry (except for the PIN codes)?

Q40:

Use the GROUP_CONCAT( ) function to produce one row per continent that displays a list of the coun-
tries in the continent that have a country population of more than 100 million.

Q41

Using W TH ROLLUP, write a single statement that queries the Count r y table to produce counts of the
number of countries in each continent, and a count of the total number of countries summed over al
continents.

Answers to Exercises
Al:

The mysqgl command-line program can be started with the - - pr ot ocol =t cp command-line option.
Alternatively, the pr ot ocol option can besettot cp in one of the option files that nysql readswhen
it starts.

A2:

If the | nnoDB storage engine is disabled, MySQL looks up the st or age_engi ne system variable,
uses its value to determine which engine to use for the table, and issues awarning.

A3:

MySQL generates the warning because the statement uses the TYPE keyword rather than ENG NE to
specify the table's storage engine. In MySQL 4.1, TYPE is deprecated in favor of ENG NE.

A4

To create an exact copy of the Count ry table, UIf first must create an exact copy of the table structure
by issuing the following statement:

CREATE TABLE Country_Copy LIKE Country;
This creates the new Count r y_Copy table, which has the same structure as the Count r y table, but is

empty. To copy the datain Count ry to the Count ry_Copy table, UIf issues the following | NSERT
Statement:
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I NSERT | NTO Country_Copy SELECT * FROM Country;

The Count ry_Copy tableisnow an exact copy of the Count r y table.
A5:

UIf probably used the following statement, which creates a new table that has the same columns as the
original, but does not preserve indexes and omits some column attributes from the new table definition:

CREATE TABLE Gity_Copy SELECT * FROM Gty WHERE O;

The WHERE 0 clause causes no records to be copied to the new table, which as aresult is empty.
AG:

UIf can use the following statement to create and populate a new table that contains the same data as the
Cty table

CREATE TABLE City Copy2 SELECT * FROM City;
AT:

a.  For single-byte character sets, one byte per character in the CHAR column is used whenever are-
cord is added. Because there are two CHAR( 30) columns in the table, 60 bytes are required for
each record.

b. For a 2-byte character set such as ucs2, two bytes per character in the CHAR column are used
whenever arecord is added. Because there are two CHAR( 30) columns, 120 bytes are required for
the 60 charactersin each record.

c. [Each storage engine type has a maximum size for an index entry, and this maximum size is ex-
pressed in bytes, not characters. Creating an index on a CHAR column that uses a multi-byte charac-
ter set results in key values that reach the maximum index size limit with fewer characters than
would the same column using a single-byte character set.

A8:

For a fixed-length CHAR( 100) column, MySQL must alocate 100 times the amount of storage re-
quired for the largest character in the column's character set. For ut f 8, characters can take up to three
bytes, so column values require 100 x 3 = 300 bytes each.

A9:

No. MySQL must still allow for the possibility that the column will be used to store strings containing
multi-byte characters. On the other hand, were the column to be defined as VARCHAR( 100) , MySQL
would allocate only as much storage as needed for each string, plus one byte to record the number of
characters in the string. Thus, VARCHAR( 100) storage requirements can range from one byte for an
empty string to 301 bytes for a 100-character string that consists entirely of three-byte characters.

Al0:

The TI MESTAP display format used by MySQL Server 4.1 is the same as the display format used for
DATETI ME data.

All:
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The display width isignored. For TI MESTAMP columns, display widths apply only before MySQL 4.1.
Al2:
With MySQL Server 4.1, it ispossible to store NULL valuesina Tl MESTAMP column.

However, unlike other column types, TI MESTAMP columns default to NOT NULL, and you must spe-
cifically include the NULL attribute in the column definition when you create or alter the TI MESTAMP
column, if you wish to alow storage of NULL values.

Al3:

The effect of specifying a default value of CURRENT _TI MESTAMP for a TI MESTAMP column is that
whenever anew record is created, that column is set to the record creation time.

Al4:

The effect of specifying the ON UPDATE CURRENT_TI MESTAMP attribute for a TI MESTAMP
column is that the column is updated to the current timestamp value whenever any other column in the
record is changed.

Al5:
A table with two TI MESTAMP columns that meet the requirements can be created as follows:

nmysql > CREATE TABLE updates (
-> created TI MESTAMP DEFAULT O,
-> updat ed TI MESTAMP ON UPDATE CURRENT Tl MESTAMP,
-> dat a CHAR(30)
->);
Query OK, 0 rows affected (0.01 sec)

For record creation, to set both of the TI MESTAMP columns to the current time, we use the | NSERT
statement to insert NULL into each column:

nysqgl > | NSERT | NTO updat es (created, updated, data)
-> VALUES (NULL, NULL, "original_value');
Query OK, 1 row affected (0.00 sec)

nysql > SELECT * FROM updat es;

------------------------------------------ e
| created | updat ed | data |
Fo e e e e e e e o o e e e e e e e o S +
| 2005-01-05 12:50: 40 | 2005- 01- 05 12:50: 40 | origi nal _val ue |
T T R IS +

1 rowin set (0.00 sec)

For updates, we do not need to do anything special to update the updat ed column because it already
hasthe ON UPDATE CURRENT_TI MESTAMP attribute:

nmysqgl > UPDATE updat es SET dat a=' updat ed_val ue';
Query OK, 1 row affected (0.00 sec)
Rows matched: 1 Changed: 1 Warnings: O

nysql > SELECT * FROM updat es;

------------------------------------------ e
| created | updat ed | data |
Fom e e eee oo Fom e eee oo o - +
| 2005-01-05 12:50: 40 | 2005-01-05 12:50: 46 | updat ed_val ue |
T LT T p ey +
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1 rowin set (0.00 sec)

Al6:

For Lydiato see the data adjusted for her own time zone after establishing a session with the server, she
must execute the statement SET ti me_zone = '-05: 00" before she performsthe SELECT:
nysqgl > SET time_zone = '-05:00';

Query OK, 0 rows affected (0.00 sec)
nysqgl > SELECT * FROM ti nest anps;
+

e
| ts |
e +
| 2005-03-27 08:30:00 |
o +

1 rowin set (0.00 sec)

AlT7:

Lydia adjusted her time zone back five hours from the time zone used by John, so the value displayed
for the TI MESTAMP vaue will be five hours earlier the value John sees: ' 2005- 04- 02
01: 45: 00" .

A1l8:

The example shown is not an example of a correlated subquery because the subquery can be resolved
completely without regard to the outer query. In a correlated subquery, the inner SELECT is dependent
on the outer query.

Al19:

SELECT * FROM Country cl

VWHERE Continent = 'South Anmerica'

AND Popul ation = (SELECT M N( Popul ati on) FROM Country c2
WHERE c2. Continent = cl. Continent);

A20:

The query returns, for each continent, the country whose population is greater than or equal to the popu-
lation of every country on the same continent. In other words, it returns the country with the greatest
population on each continent.

A21:

The query returns all the countries that have a surface area larger than the average surface area of any
continent. The difference between this and the earlier query isthat thisis not a correlated subquery, so it
is not restricted to comparing only to the surface area of the continent where the country is located.

A22:

In the following query, the subquery returns the largest surface area found on each continent. This in-
formation is then used in the outer query to find the country on the same continent that has that surface
area

nysql > SELECT Continent C, Name, SurfaceArea
-> FROM Country
-> WHERE SurfaceArea = (
-> SELECT MAX( SurfaceArea)
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-> FROM Country
-> WHERE Continent = O;

Antarctica Antarctica 13120000. 00

o Fom e e ee oo R +
| C | Nane | SurfaceArea |
o e e e oo oo - oo oo - e +
| Cceania | Australia | 7741220.00 |
| South America | Brazil | 8547403.00 |
| North America | Canada | 9970610. 00 |
| Asia | China | 9572900.00 |
| Africa | Sudan | 2505813.00 |
I Eur ope I Russi an Federation I 17075400. 00 I

7 rows in set (0.12 sec)

A23:

In the following query, the subguery returns the country code of countries where the government formis
monarchy. Thisinformation is used in the outer query to find the languages spoken in those countries.

nysqgl > SELECT DI STI NCT Language
-> FROM Count ryLanguage
-> WHERE CountryCode I N (
-> SELECT Code
-> FROM Country
-> Where Covernment Form = "Monar chy");

| Language |
S +
Asami
Dzongkha
Nepal i

Ar abi c
Ur du
Swazi

Zul u
Engli sh
Tongan

9 rows in set (0.02 sec)

A24:

In the following query, the subquery returns all the languages spoken in a given country. This informa-
tion is then used with the EXI STS predicate to determine if German is one of the languages spoken in
that country.

nysql > SELECT Code c, Nane
-> FROM Country
-> WHERE EXI STS ( SELECT *

-> FROM Count r yLanguage
-> WHERE CountryCode = ¢
-> AND Language = ' Gernan');

+-- - - - SRS +

| ¢ | Name |

S — o e o - +

| AUS | Australia |

| BEL | Bel gium |

| BRA | Brazil |

| 1TTA | Italy |

| AUT | Austria |

| CAN | Canada |
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KAZ Kazakst an

LIE | Liechtenstein
LUX | Luxenbourg
NAM | Nami bi a

PRY Par aguay

POL Pol and

ROM | Romani a

DEU | Ger many

CHE Swit zerl and
DNK Denmar k

CZE | Czech Republic
HUN Hungary

USA | United States
+o-m o - o - +
19 rows in set (0.00 sec

A25:

The following query uses a row constructor to look up the population of Houston, Texas, USA in the
Cty table

nysqgl > SELECT Popul ati on
-> FROM City

i,
| Popul ation |
T +
| 1953631 |
Fom e +

1 rowin set (0.03 sec)

A26:

The answer must be returned as a scalar value, that is, as a result set with a single row and a single
column. The following query accomplishes the task:

nysqgl > SELECT SUM Speaker s)
-> FROM ( SELECT (Percentage/ 100) * Popul ati on AS Speakers

-> FROM Count ryLanguage cl, Country c
-> WHERE cl . CountryCode = c. Code
-> AND c. Regi on = "West ern Europe"
-> AND cl . Language = " Cer man"
-> ) AS tnp;

LR +

| SUM Speakers) |
+

1 rowin set (0.00 sec)

A27:

The server returns ERROR 1109 (42S02): Unknown table 'c¢' in where clauseifyou
try to execute this query. Subqueries in the FROMclause of a query cannot be correlated with the outer

query.
A28:

A scalar subquery may be placed anywhere in an SQL statement that a scalar value, such as a true scal-
ar, an argument to a function call, aterm of amathematical expression, and so forth, is expected.
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A29:

For each of the missing parameters in the CONCAT function, we can insert a scalar subquery that returns
the required data.

First, we consider how to find the name of the country with the highest number of official languages,
and the number of official languages. The following query will give us the maximum number of official
languages, and the country name that goes along with it:

SELECT Nane, COUNT(*) AS nl anguages
FROM Country c, CountrylLanguage cl
WHERE c. Code = cl . CountryCode

AND cl . IsOficial ='T
GROUP BY Nane
ORDER BY nl anguages DESC
LIMT 1;

However, there are a few problems with this approach that must be resolved. First of al, the preceding
guery does not give us alist of the official languages in the country, just the number of them. To find out
what the languages are, we utilize the GROUP_CONCAT function as part of the SELECT statement:

SELECT Nane, COUNT(*) AS nl anguages,
GROUP_CONCAT( Language) as | anguages
FROM Country c, CountrylLanguage cl
WHERE c. Code = cl . Count ryCode
AND cl . IsOficial ='T
GROUP BY Nane
ORDER BY nl anguages DESC
LIMT 1;

The second problem with our approach so far is that a scalar subgquery may return only a single column.
The query just presented returns three. We can solve this problem by nesting the subquery once again:

SELECT Narme
FROM ( SELECT Nane, COUNT(*) AS nl anguages,
GROUP_CONCAT( Language) as | anguages
FROM Country c, CountrylLanguage cl
WHERE c. Code = cl. CountryCode
AND cl .IsOficial ="'T
GROUP BY Nane
ORDER BY nl anguages DESC
LIMT 1
) AS tnp;

For the number of languages and the list of languages, we can utilize the same method, of course repla-
cing Nane with nl anguages or | anguages in the outer SELECT as required.

The last problem we need to resolve is that, in the Count r yLanguage table, there are two countries
with the maximum number of official languages: South Africa and Switzerland each have four official
languages.

Choosing an arbitrary one of these as input for our surrounding CONCAT function will not invalidate the
requirement in the question. The result for the nl anguages column will, in either case, always be cor-
rect. However, since there is no guarantee that either Switzerland or South Africawill be the country se-
lected every time the subquery is evaluated, we run the risk of presenting the wrong combination of
country name and list of languages. To resolve this, we place an extra condition on the ORDER BY
clause, which (rather arbitrarily) does a secondary sort in ascending order by the country name.
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The complete statement thus looks like this:

SELECT
CONCAT(
"The country ",
( SELECT Nanme FROM (
SELECT Nane, COUNT(*) AS nl anguages,
GROUP_CONCAT( Language) as | anguages
FROM Country c, CountrylLanguage cl
WHERE c. Code = cl . CountryCode
AND cl . IsOficial ='T
GROUP BY Nane
ORDER BY nl anguages DESC, Name
LIMT 1
) AS tnp

has ",
( SELECT nl anguages FROM (

SELECT Nane, COUNT(*) AS nl anguages,

GROUP_CONCAT( Language) as | anguages

FROM Country c, CountrylLanguage cl

WHERE c. Code = cl . Count ryCode

AND cl . IsOficial ='T

GROUP BY Nane

ORDER BY nl anguages DESC, Name

LIMT 1
) AS tnpl

of ficial |anguages: ",
( SELECT | anguages FROM

SELECT Nane, COUNT(*) AS nl anguages,

GROUP_CONCAT( Language) as | anguages
FROM Country c, CountrylLanguage cl
WHERE c. Code = cl . Count ryCode
AND cl . IsOficial ="'T

GROUP BY Nane

ORDER BY nl anguages DESC, Name

LIMT 1
)) AS t np2

)

A30:

The subquery in the following statement searches the Ci t y table to identify all capital cities. The outer
statement deletes all rowsin the table Capi t al s that are not found by the subquery:

nysqgl > DELETE FROM Capital s
-> WHERE | D NOT I N ( SELECT Capital
-> FROM Count ry

-> WHERE Capital |'S NOT NULL);
Query OK, 3847 rows affected (1.19 sec)

A31:

Prepared statements can be more efficient if the same statement is run several times because thereis less
network traffic and less time is spent parsing the same statement multiple times.

A32:

After the first two PREPARE statements, two prepared statements exist (s1 and s2). The third state-
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ment causes the original s1 to be discarded because it uses the same statement name, but does not result
in a new prepared statement because the statement contains a syntax error. Only s2 exists after all three
PREPARE statements have been executed.

A33:

There is no effect. Prepared statements are specific to the session in which they are created. Statements
prepared by one client do not affect those prepared by other clients.

A34:
nysqgl > PREPARE spop FROM ' SELECT Nane, Popul ation
'> FROM Country
"> WHERE Continent = ? AND Popul ation > ?';
Query OK, 0 rows affected (0.00 sec)
St at ement prepared
A35:

nysql> SET @ = 'Asia', @ = 100000000;
Query OK, 0 rows affected (0.00 sec)

nysql > EXECUTE spop USING @, @;
+ +

o e e e e e e e e e e e e e e e m -
| Nare | Popul ation |
Fom e e e oo - T +
| Bangl adesh | 129155000 |
| I'ndonesia | 212107000 |
| India | 1013662000 |
| Japan | 126714000 |
| China | 1277558000 |
| Pakistan | 156483000 |
T T +

6 rows in set (0.00 sec)

A36:

An error occurs for the EXECUTE statement because prepared statement s1 does not exist. Statements
prepared during a session are discarded when the session ends and are not available to later sessions.

A3T:
To deallocate a prepared statement, use DEALL OCATE PREPARE:
DEALLCCATE PREPARE ny_stnt;

DROP PREPARE can also be used.

It is not necessary to deallocate a prepared statement created within a given session because the server
discards the statement automatically when the session ends. However, deallocating the statement expli-
citly does alow the server to release resources earlier that are associated with the statement.

A38:

The command HELP UPDATE will give you the information you're looking for.

A39:

For the first employee, an UPDATE statement is needed, to increase the count of the times PIN code
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578924 has been used to open the door. For the second employee, a new record must be entered into the
table, as PIN code 687456 is being used for the first time.

You can provide for both occurrences by utilizing the ON DUPLI CATE KEY UPDATE clause of the
| NSERT statement:

I NSERT | NTO access_log (PIN, entries)
VALUES ("578924", 1)
ON DUPLI CATE KEY UPDATE entries = entries+1;

I NSERT | NTO access_log (PIN, entries)
VALUES ("687456", 1)
ON DUPLI CATE KEY UPDATE entries = entries+1;

After these two statements are executed, theaccess_| og table has the following contents:

| 156734 | 6 |
| 578924 | 3 |
| 479645 | 10 |
| 356845 | 5 |
| 687456 | 1]

A40:

nmysqgl > SELECT Conti nent, GROUP_CONCAT( Nare)
-> FROM Country
-> WHERE Popul ati on > 100000000
-> GROUP BY Conti nent;

o - e m e e e e e e e e e e e e e e e e e e e e e e mmae oo +
| Conti nent | GROUP_CONCAT( Nane) |
o - o m o e e e e e e e e e e e e e e e e e e e e e e emae oo +
| Asia | Bangl adesh, Paki st an, Chi na, Japan, | ndi a, | ndonesi a |
| Europe | Russian Federation

| North America | United States |
| Africa | Nigeria |
| South America | Brazil |
Fom e e e e oo o mmm e e e e e e e e e e e e e e e e e e e e e e +

5 rows in set (0.00 sec)

A4l

nysql > SELECT Conti nent, COUNT(*)
-> FROM Country
-> GROUP BY Continent WTH ROLLUP;

o - ST +

| Conti nent | COUNT(*) |

e
Asi a 51
Eur ope 46
North Anerica 37
Africa 58
Cceani a 28
Antarctica 5
Sout h Anerica 14
NUL L 239

o e - T +
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8 rows in set (0.00 sec)
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Chapter 2. Updates to the Professional
Exam

2.1.

In this chapter, we look only at the updates that are of interest to those seeking MySQL Professional cer-
tification. Thus, this chapter is not a complete overview of all features changed or updated in the
MySQL server and related products.

Choosing Index Types for MEMORY tables

Starting with MySQL 4.1, it is possible to specify one of several index types (for example, during table
creation). Although the syntax has been implemented for several different storage engines, the only en-
gine to which this feature is currently applicable is the MEMORY engine. In previous versions of MySQL,
the MEMORY engine was known as the HEAP storage engine.

MEMORY tables use hash indexes by default. This index type provides very fast lookups for all opera-
tions that use a unique index. For non-unique indexes, however, operations that change the indexed val-
ues (including DELETE statements) can become relatively slow when there are many duplicate index
values.

If you will have only unique indexes on a MEMORY table, you should create them as HASH indexes. Be-
cause HASH indexes are the default for MEMORY tables, you can do so when defining an index either by
specifying an explicit USI NG HASH clause or by omitting the index type specification entirely. The fol-
lowing two statements are equivalent:

CREATE TABLE | ookup (
id INT,
| NDEX USI NG HASH (i d)
) ENG NE = MEMORY;

CREATE TABLE | ookup (
id |NT,
| NDEX (i d)

) ENA NE = MEMORY;

If, however, you need to create a MEMORY table with one or more non-unique indexes, and you expect
that there will be many duplicate values in the index key, you should create the table with a BTREE in-
dex.

CREATE TABLE | ookup (

id INT,

| NDEX USI NG BTREE (i d)
) ENA NE = MEMORY;

If you have aready created the table, you can add the new index using the CREATE | NDEX statement,
making use of the USI NGi ndex_t ype clause. The following two statements create a table without an
index, and then add a BTREE index:

CREATE TABLE | ookup (id INT) ENG NE = MEMORY;
CREATE | NDEX i d_i dx USI NG BTREE ON | ookup (id);

Although choosing between aternate index types is limited to MEMORY tables in MySQL 4.1, work on
extending this functionality to other storage engines, such as Myl SAMand | nnoDB, is ongoing.
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The Cluster Storage Engine

MySQL Server 4.1 sports a completely new storage engine called NDBCluster. Using the cluster engine
is complex, and for the purposes of MySQL 4 certification you are not expected to know the details of
how to set up and use NDBCI ust er . You are, however, expected to know the general properties of the
cluster engine as compared to other storage engines.

In literature, you will see the two terms NDB Cluster (or just NDB) and MySQL Cluster. NDB Cluster
refers to the cluster technology and is thus specific to the storage engine itself, whereas MySQL Cluster
refers to agroup of one or more MySQL servers that is working as a "front end" to the NDB Cluster en-
gine. 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 data-
base storage nodes. Cluster processes are also referred to as cluster nodes, or just nodes.

The cluster engine does not run internally in MySQL Server, but is, instead, one or more separate pro-
cesses running outside MySQL Server (perhaps even on different server hosts). In effect, MySQL Server
provides the SQL interface to the cluster processes. From the perspective of the server however, NDB-
Cl ust er isjust another storage engine, like the Myl SAMand the | nnoDB engines.

NDB Cluster consists of several database processes (hodes) running on one or more physical server
hosts. It manages one or more in-memory databases in a shared-nothing system. In-memory means that
all the information in each database is kept in the RAM of the machines making up the cluster. Shared-
nothing means that the cluster is set up in such a way that no hardware components (such as disks) are
shared among two nodes.

The NDB cluster engineis atransactional storage engine, like the | nnoDB and BDB storage engines.

The main reasons to consider using MySQL Cluster are;

« High availability: All records are available on several nodes. If one node fails (because, for example,
the server host stops working), the same data can be gotten from another node. Spreading copies of
the data across multiple nodes also makes it possible to have replicas of the data in two or more
widely distributed locations.

e Scaleability: If the load becomes too high for the current set of nodes, extra nodes can be added and
the system will reconfigure itself to make data available on more nodes, reducing the load on each
individual node.

» High performance: All records are stored in memory, making retrieval of data extremely fast. This
does not mean that information is lost if the cluster is shut down (as is the case for tables created
with the MEMORY storage engine). All updates are written to disk, and are available when the cluster
isrestarted.

Using SHOW WARNI NGS5

Warnings are generated whenever the MySQL server is not able to fully comply with a request and
when an action has possibly unintended side effects. The following example shows how warnings are
generated when we attempt to insert a character string, a negative integer, and NULL into a column that
isdefinedas| NT UNSI GNED NOT NULL:

nysql > CREATE TABLE i ntegers (
-> i | NT UNSI GNED NOT NULL
->);

Query OK, 0 rows affected (0.01 sec)

nysqgl > | NSERT | NTO i nt egers
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-> VALUES ('abc'), (-5), (NULL);
Query OK, 3 rows affected, 3 warnings (0.00 sec)
Records: 3 Duplicates: 0 Wrnings: 3

The server warns us that there were three instances where it had to truncate or otherwise change our sub-
mitted values to accept the data that was passed during the | NSERT. In previous versions of MySQL,
you could not get specific information regarding which errors occurred, or even the rows for which they
occurred. Starting with MySQL Server 4.1, you can use SHOMMRNI NGS to ask the server to return the
list of warnings that were generated. The following example shows the warnings generated by the pre-
ceding | NSERT statement:

nysqgl > SHOW WARNI NGS\ G
kkhkhkkhkhkkhkhkkhkhkhkdhkhkdkhkdhhkhkkhkhkkhkhkkhdkkk*x 1 I'OW kkhkhkkhkhkkhkhkkhkhkhkdhkhkdkhdhhkhkhkhkkhkhkkhkkk*x
Level : Warni ng
Code: 1265
Message: Data truncated for colum 'i' at row 1
khkkkkhhkkkhkhhkkkhhkkhkhhkkkhhkkxkhkkk*k 2 r ow khkkkkhhkkkhkhhkkkhhkkkhkhhkkkhhkkxkhkhhkk*k
Level : Warning
Code: 1264
Message: Data truncated; out of range for colum 'i' at row 2
kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkkhkkkx*%x 3 rOW kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkkhkkkx*x
Level : Warni ng
Code: 1263
Message: Data truncated; NULL supplied to NOT NULL colum '"i' at row 3
3 rows in set (0.00 sec)

You can combine SHONVWARNI NGS with LI M T, just as you're used to doing with SELECT state-
ments, to "scroll" through the warnings a section at atime:

nysqgl > SHOVWARNINGS LIMT 1,2\ G

EEE I I R I I I I O I 1 row EE R I R I I I S I R I I O

Level : Warni ng
Code: 1264

Message: Data truncated; out of range for colum 'i' at row 2
khkkkkhhkkkhhhkkkhhkkkhhhkkkhhkkxkhhkkk*k 2 r ow khkkkkhhkkkhhhkkkhhkkxkhhhkkkhhkxkhhkkk*k

Level : Warni ng

Code: 1263
Message: Data truncated; NULL supplied to NOT NULL columm '"i' at row 3
2 rows in set (0.00 sec)

Warnings generated by one statement are available from the server only for alimited time (until you is-
sue ancther statement that can generate warnings). Y ou should always fetch warning messages as soon
as you detect that warnings were generated.

Exercises

Many of the exercises in this book are based on the wor | d database. Y ou can download this database
from the MySQL documentation main page (http://dev.mysgl.com/doc), install it on your system, and
use it to solve the exercises.

Q1

You want to create a copy of the table Count r y using the MEMORY storage engine. There is only one
index on Count ry, namely Code, which isthe primary key.

You will be doing several | NSERT and DELETE operations on the new table. Should you change the
default index type for the primary key?
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Q2:

Y ou want to create a table with the same structure as Count r yLanguage, but using the MEMORY stor-
age engine. Thisis done using the following two statements:

CREATE TABLE menCountrylLanguage LI KE CountrylLanguage;
ALTER TABLE nenCountrylLanguage ENG NE=MEMORY;

There is currently only one index on Count r yLanguage, namely the primary key which is indexed
across ( Count ryCode, Language) . Once the table is created, you will be doing several | NSERT
and DELETE operations on the new table.

The mentCount r yLanguage table is needed to do fast lookups in the Language column, so you
want to add a separate, non-unique index on that column. Is it better to choose the HASH or the BTREE
index type for thisindex? What statement would you use to create the index?

Q3:
Why is MySQL Cluster considered to be a high-availability solution?
Q4:

When records are retrieved from the MySQL Cluster, are they read from disk on the node that provides
the data? Are updates to data on a node saved to disk?

Q5:

The following CREATE TABLE statement produces a warning. What statement would you use to see
what caused the warning?

nysql > CREATE TABLE dogs (
-> dog_id INT UNSI GNED NOT NULL PRI MARY KEY,
-> dog name CHAR(30),
-> owner _nane CHAR(30)
-> ) TYPE=I nnoDB;
Query OK, 0 rows affected, 1 warning (0.01 sec)

Q6:
The following series of statements causes the MySQL server to emit atotal of four warnings:

nysql > CREATE TABLE cats (
-> cat_id TINYINT,
-> cat_name CHAR(7)
-> ) TYPE=My| SAM
Query OK, 0 rows affected, 1 warning (0.01 sec)

nysgl > I NSERT | NTO cats (cat_id, cat_nane)
-> VALUES ('1', 'Garfield);
Query OK, 1 row affected, 1 warning (0.00 sec)

nmysqgl > I NSERT | NTO cats (cat_id, cat_nane)
-> VALUES (' 200", 'Scratchy');
Query OK, 1 row affected, 2 warnings (0.00 sec)

When SHOW WARNI NGS is used to see the warnings generated by those statements, only two warnings
are shown:
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nysql > SHOW WARNI NGS\ G
khkkkkhhkkkhkhhkkkhhkkhkhhkkkhhkxkhkhkkk* 1 row khkkkkhhkkkhkhhkkkhhkkkhkhhkkk hkxkhkhkkk*k
Level : Warning
Code: 1264
Message: Data truncated; out of range for colum 'cat id at rowl
kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhkkk*x 2 I’OW kkhkhkkhkhkkhkhkkhkhkkhkkhkhkkhkhkkhkhkkhkhkkhkhkkhhkkhhkkdx*x
Level : Warni ng
Code: 1265
Message: Data truncated for colum
2 rows in set (0.00 sec)

cat_nanme' at row 1

Why do we see only two of the four warnings? Is there any way to see what the other two warnings
were?

Answersto Exercises
Al:

The default index type for MEMORY tables is HASH, which is well suited for unique indexes but not as
well suited for non-unique indexes. Because the primary key, by definition, is unique, there is no reason
to change the index to another index type.

A2:

Because the Language column is non-unique and we expect many | NSERT and DELETE operations
on the table, the BTREE index type should be preferred. The statement to add the index could be the fol-
lowing:

CREATE | NDEX Language USI NG BTREE ON nmenCountrylLanguage (Language);

A3:

InaMySQL Cluster, al records are available on several nodes. If one node fails, availability is not com-
promised because another node can take over and provide the needed data.

A4

A MySQL Cluster node holds all the available datain RAM, so no disk reads are performed when re-
trieving data. All data updates are written to disk, so, in the event that the node shuts down, data can be
re-read from disk when the node restarts.

Ab:

The SHOW WARNI NGS statement returns details about the warning generated by the previous statement:

nysqgl > SHOW WARNI NGS\ G

EE R I R I I I I R I 1 row EE R I R I I I I I R I

Level : Warni ng
Code: 1287
Message: ' TYPE=storage_engi ne' is deprecated,
use ' ENG NE=st or age_engi ne' i nstead
1 rowin set (0.01 sec)

A6:

Warnings generated by an SQL statement are available only until you issue another statement that can
generate warnings. You must check for warnings and fetch any messages from the server immediately
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after each statement that generates a warning or the information is lost. Short of re-running the state-
ments, there is no way to retrieve previously generated warnings.
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Chapter 3. Errata for the MySQL
Certification Study Guide

The following are the known errata for the printed MySQL Certification Sudy Guide at the time of pub-
lishing of this addendum. You may wish to check whether more have appeared on ht-
tp://www.mysgl.com/certification/studyguides.

» Although reading the exam content layout soon makes it apparent, the layout of the book does not
make a clear distinction between the chapters referring to the Core exam and the Professional exam.
Chapters 1-9 contain the material related to the Core exam; chapters 10-16 contain the material re-
lated to the Professional exam.

* Page 12: Thewor | d database that is used for examples in severa places in the book may be down-
loaded from http://dev.mysqgl.com/doc.

» Page 37, 2nd line from the bottom: Count r y should read Count r yCode.

» Page 45: The first two shel | > examples. replace --fi el ds-term nated-by with -
-fi el ds- encl osed- by.

* Page69: Inthe CREATE TABLE statement: Delete the commain Count r yCode CHAR(3) NOT
NULL,

e Page 99, 4th bullet point: "Handing" should be "Handling"

* Page 100: In the table of conversions, 5th row, the | NT and DECI MAL conversions should both read
1978 rather than 1970.

» Page 128, answer 57 should read: "The valueinserted is' 0012- 00- 00" . MySQL interpretsthe in-
serted value asadate, ' 12- 00- 00' , which isinterpreted astheyear ' 12" ."

e Page 131, answer 69: The parenthesized note should read: "(Although cr eat i on is declared as
NULL, MySQL will never assign a NULL value to a TI MESTAMP column, but use the "zero" value
instead.)

» Page 139, answer 110: The first statement should read: SHOW TABLES LI KE ' % est % ;

e Page 152, 2ndline: (1+2+8) shouldread ( 1+2+4) .

» Page 178, answer 12c: Remove "AS Speci es"; in therest of the text, "speci es"” should appear
with lowercase's.

» Page 180: In answer 16, The first SELECT statement shown should include the keyword ALL for
both UNI ON statements.

» Page 200: After "The other aggregate functions always ignore NULL values', add: ", except where
the values being aggregated are all NULL". In the example immediately following, the output should
be (9, 7, NULL, NULL) rather than (9, 7, 0, 0).

e Page 201: Delete the paragraph that begins "Note that SUM ) ...", just before the heading of section
6.7.

» Page 218: The result set shown on lines 3-7 should include the nane column:
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Guide

Page 265, 1st bullet point: "Count r yLanguage and Count r yLanguage tables." should read
"Count r yLanguage and Count r y tables."

Page 282, question 10: This question/answer pair contains several errors. Both should be struck from
the text.

Page 283-285, questions 12-16: In the pr oj ect table in the row where pi d is 10020, the value of
i d should be 110 (rather than 100).

Page 291, answer 6. "WHERE START BETWEEN..." should read "WHERE p.start
BETVEEEN. . . "

Page 292, answer 10: This question/answer pair contains several errors. Both should be struck from
the text.

Page 307, 3rd bullet point, line 1: ('/ *) should be (\ ).

Appendix B: Several minor changes have been made in the on-line version of the MySQL Certifica-
tion Candidate Guide, to reflect the fact that the Study Guide is now available.
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