murach’s

Joel Murach










Editorial team
Author: Joel Murach

Editors: Ray Halliday
Anne Boehm

Cover design: Zylka Design

Production: Maria Pedroza David

Books for web developers
Murach’s HIMLS and CSS3
Murach’s JavaScript and DOM Scripting

Murach’s PHP and MySQL

Murach’s Java Servlets and JSP (2nd Edition)
Murach’s ASP.NET 4 Web Programming with VB 2010
Murach’s ASP.NET 4 Web Programming with C# 2010

Books on Java, Visual Basic, and C#
Murach’s Java Programming (4th Edition)

Murach’s Visual Basic 2010

Murach’s C# 2010

Books for database programmers
Murach’s Oracle SQL and PL/SQL
Murach’s SQL Server 2008 for Developers

For more on Murach books, please visit us
at www.murach.com

© 2012, Mike Murach & Associates, Inc.
All rights reserved.

Printed in the United States of America

10987654321
ISBN: 978-1-890774-68-4

Download from Wow! eBook <www.wowebook.com>



Content

Section 1 An introduction to MySQL

Chapter 1 An introduction to relational databases and SQL
Chapter 2 How to use MySQL Workbench and other development tools
Section 2 The essential SQL skills

Chapter 3 How to retrieve data from a single table

Chapter 4 How to retrieve data from two or more tables
Chapter 5 How to code summary queries

Chapter 6 How to code subqueries

Chapter 7 How to insert, update, and delete data

Chapter 8 How to work with data types

Chapter 9 How to use functions

Section 3 Database design and implementation
Chapter 10 How to design a database

Chapter 11~ How to create databases, tables, and indexes

Chapter 12~ How to create views

Section 4 Stored program development

Chapter 13 Language skills for writing stored programs

Chapter 14 ~ How to use transactions and locking

Chapter 15 How to create stored procedures and functions
Chapter 16 How to create triggers and events

Section 5 Database administration

Chapter 17  An introduction to database administration

Chapter 18  How to secure a database

Chapter 19  How to back up and restore a database
Appendixes

Appendix A How to install the software for this book on Windows
Appendix B How to install the software for this book on Mac OS X

Download from Wow! eBook <www.wowebook.com>

41

75
115
151
169
197
215
241

277
313
353

373
401
415
445

461
491
525

557
565



Download from Wow! eBook <www.wowebook.com>



Expanded contents

Expanded contents

Section 1 An introduction to MySQL

Chapter 1

Chapter 2

An introduction to relational databases and SQL

An introduction to client/server systems ...........ccccceriiriinnicnnienne 4
The hardware components of a Client/SEIVer SYStEM ......ccvevveiererierienierieniesienieiesienienaens 4
The software components Of @ Client/SErVer SYSIEM .......ecueveierirterierierientesieriereeseeneenaens 6
Other client/Server arChitECtUTES ......ccoieirieieiereeieeriietetetetestetetentstesestessesensessensens 8
An introduction to the relational database model ......................... 10
How a table 1S OrZanIiZed ......c.eoveuieiiriiriieiieiieiieieietetete ettt ettt bbb estesaesaenee 10
How tables are related..... ..ottt 12
How columns are defined .......c.ooioiriririeieieieeieteteet ettt 14
How to read a database dia@ram .......ccoeeeieieieiieiiieieieieieteeeitestesteste e seesaesaeseenes 16
An introduction to SQL and SQL-based systems..............ccccen.ee. 18
A brief history Of SQL ..ottt ettt e ettt et bt ebenaeaenes 18
A comparison of Oracle, DB2, Microsoft SQL Server, and MySQL ..........cccccceuenee. 20
The SQL statements..........coooeiiicci e 22
An introduction to the SQL Statements ..........cccovveeiieviieiieeiieeiieieiesee e enie 22
How to work with database OBJECES ....ce.eeieirieieieieieieietetete ettt 24
How to query a single table .....oc.ooiiviiiiiiieieieetete ettt 26
How to join data from two or more tables ....c.oooveieiieieiieieieteieeeeeeeee e 28
How to add, update, and delete data in a table .......ccocoevieiieiieiienieninienieieeeeeene 30
SQL cOING ZUIACTINES ...ouviiitieieiieiieieeiieieeieeeeietetetetetetestestenetestetetesessessesansanean 32
How to use SQL from an application program.............cccccvvevrrnnes 34
Common options for accessing MySQL data......cocoeoveiieiienienienieninienienierieneiesieseeienes 34
PHP code that retrieves data from MySQL ......cooiiriiieiiiieineieieieeieieieeeeiene 36
Java code that retrieves data from MySQL .....c.oooiiririiriiriieieieieertesienieseeieiesee e 38
Perspective ... e 40
How to use MySQL Workbench

and other development tools

An introduction to MySQL Workbench ... 42
The Home tab of MySQL WOrkbench .......c.cccceveieieienienienienieieienieieniesienieneeseeseeeene 42
How to start and stop the database SETVET ......c.eeveieierierierierieieieneiesieniesieseeeeseesaeseens 44
How to use MySQL Workbench to work with a database .............. 46
How to open a database CONNECHION .....c.eeuieieierieieieieieieieietetetentestesteseestesesaeeenes 46
How to navigate through the database ObJECtS ......ccvevveieiieiierienieieierieieieeeeee e 48
How to view and edit the data for a table ........ccocieiieiieiienieiieieieeeeeeeee e 50
How to view and edit the column definitions for a table .........ccooeveieiinininiininiene. 52
How to use MySQL Workbench to run SQL statements ................ 54
How to enter and execute a SQL StAtEMENt ...coovveevieiieieiieiiieeiieeeeie e 54
How t0 use the SNIpPELs ta ..oc.iiiiiririiiieiieeeieeeteteetet ettt ettt sae e 56
How t0 handle SYNEAX EITOTS ..e.euierieiiriieieeiieieereeetetetetentetentensesensessessensessensensenssessenes 58
How to open and save SQL SCTIPES c..eveeveeiieieiieiieieietetetetetetenttestetenseseesensensessenes 60
How to enter and execute SQL SCTIPLS ...eouieiieieeieiieieieiteieieiteteiententeseeteseesaeeenes 62
How to use the MySQL Reference Manual .............ccccoviinricnnicennne 64
How to view the manual ...........ccoooiiiriiininiiiieeceeeceeeee et 64
How t0 100K Up I0fOTMALION .....iiiiiieiiriieiieiieieiieieieietetetet et et eete ettt eesteseeeenes 64

Download from Wow! eBook <www.wowebook.com>

Vii



viii

Expanded contents

Section 2

Chapter 3

Chapter 4

How to use the the MySQL monitor ... 66
How to start and stop the MySQL MONItOT .....c.veveieieienieiienieniesieniesieieseeeeee e 66
How to use the MySQL monitor to work with a database ..........cccevererienienienienienene. 68
Perspeclive ... e 70

The essential SQL skills

How to retrieve data from a single table

An introduction to the SELECT statement ..............cccconiiiiinnnen. 76
The basic syntax of the SELECT Statement ..........ccvecverierieienienienienienienienieneeeeneeseeneens 76
SELECT statement XaMPIES ...eeveeieeeeeeererienieteteiertentessesestessessessensensessessessessessensen 78
How to code the SELECT clause............cccoiiiiniieine e 80
How to code column SpecifiCations ..........ceieierierierienierienieniereniesteniestentesteseeseeneeseeeenes 80
How to name the columns in a result set using aliases ......ocvevveverierienienieniesienieniesieeenes 82
How to code arithmetic €XPreSSIONS .....e.eeieieeerierierierteiertenteetententestessessessensessensessenes 84
How to use the CONCAT function to jOin Strings .......ecverververenierienienienienienienieseeneeneenss 86
How to use functions with strings, dates, and nUMDbBETS .......ccveververienienienienienienienieeene 88
How to test expressions by coding statements without FROM clauses ...................... 90
How to eliminate dupliCate TOWS ....c.eoieieieiieieieieieteteteetestetestestestestesesensesenes 92
How to code the WHERE clause.............cccccneniiinnicnnnennee i 94
How to use the cOmMPariSON OPETALOTS .....c.vevereierieieierteintetetestentestestesseseesessensessenes 94
How to use the AND, OR, and NOT logical Operators .........ccceeeruerienienieneenienienuenuenss 96
How t0 uSe the IIN OPEIALOT ......eeuieiieiieiieieeiiieieteieteteteteetetentetetetestesbebesesesenes
How to use the BETWEEN 0perator .......c.coceveeenienienienieniens

How to use the LIKE and REGEXP operators

How to use the IS NULL CIaUSE ....cc.eeieiiriieieieiieieieieieteientestestestesteeesteseesteseeseeaas
How to code the ORDER BY clause ...........ccoeverieeincenccenncenne 106
How t0 0Tt by @ COIUMN NAMIE c..ooviiiiiiieiieiiieieteietetetet ettt sttt stesbeseeeenean 106
How to sort by an alias, expression, or coOlumn NUMDET ......cceververienienienierienienieneene 108
How to code the LIMIT clause .........cccccoiiiininienceenncnieee 110
How to limit the nuUMbETr OF TOWS .....oouiriiriiriiriiieieieeeee ettt 110
How to return a range of rows

Perspeclive ... e

How to retrieve data from two or more tables

How to work with inner joins ..., 116
How t0 cOde an iNNET JOIN ..oc.iiieiiriieiieiieiieiieieteietetetetetetetentestestestetetestensenseeenean 116
How t0 use table aliaSes .....c.o.cveiiieiiieiiieiicecee ettt 118
How to join to a table in another database .........cccecevieiieiieninienienienienieeeieieeeeee 120
How to use compound join conditions

HOW t0 USE @ SEIf-JOIN 1.ttt ettt ettt ettt ae e naan
How to join more than tWo tables ......c.coirieireiieiieieieieieieeetesi ettt steseeaeaes
How to use the implicit iNNET JOIN SYNEAX ..eveuveierierierieieieieneteniententeneensessessenseseenees 128
How to work with outer joins ..., 130
How t0 cOe AN OULET JOIN ..itiiieiieiieiieiieiieiieiieteietetetetetestetestestestestetestesteteseneenean 130
OULET JOIN EXAMPIES .eutiiiiiiiiieieeiieieeieeeeieeteeteetetetetesteteseententtetebensensensesensansenean 132
Other skills for working with joins ..., 136
How to join tables with the USING KeyWord ........ccecvevieiienieninienienienienierienieiesieeene 136
How to join tables with the NATURAL keyword .......ccocevieinienienienienienieniesiesieeenen 138
HOW 0 USE CTOSS JOINS 1eiutitiiiiiiieieeieeieeieeieeieeietetetetestentensenentestetensensensessesensansensan 140

Download from Wow! eBook <www.wowebook.com>



Chapter 5

Chapter 6

Chapter 7

Expanded contents

How to work with unions .........cc.cooe i
HOW t0 COAE @ UNTON .eoviiiiceiiiieeee ettt ettt s s esseessesean
A union that combines results sets from different tables .........ccccoevevievieeieciieienen.
A union that combines result sets from the same tables..........ocoeveeieeiieiiicieeiiennne.
A union that simulates a full OULET JOIN ...c.eevieierierieiieieieieieieteteteieet et

Perspective ... e

How to code summary queries

How to work with aggregate functions ...........ccccocoriiiniiinicnnnnen.
How to code aggregate fUNCHIONS ..c.eeieieieieieierteieieieietetentetestesteseestessessensessenean
Queries that use aggregate fUNCHONS ...o.eeieieierierierieieierieietentestestestestestestesteneeeenees

How to group and summarize data ............ccceceeeiviiennicnincnieenns
How to code the GROUP BY and HAVING clauses .......cccecvevvenenienienienienienienienienes
Queries that use the GROUP BY and HAVING c€lauses .....cccoeveevveeiieviieieniieeienienenn
How the HAVING clause compares to the WHERE clause ........ccccooeieienenienienienee.
How to code compound search conditions ..........c.ecevverierienienierenienienienienieniesieneeneenees
How to use the WITH ROLLUP OPErator .......ccuecueverieierierierenienienienienieneeneesieseeneenees

Perspective ... e

How to code subqueries

An introduction to subqueries ...........cccor e
Where t0 cOde SUDQUETIES ....oviiiiiiiiiiiiieiiiiieeteeeteeete ettt ettt
WHEDN 10 USE SUDGUETIES ..iuiiiiiiiiiiiiieieeieeieieeeeeeteseeseeeestesentestebetebetensensenseneenes

How to code subqueries in the WHERE clause.........ccccccc.........
How t0 uSe the IIN OPEIAOT ....ocveuiiieiieiieieeiieiieieeteteteteteteteneesttestestetetestesbenseneenean
How to use the COmMPAariSON OPETALOTS «....eeveereereereererieieieeetetenseseressensensessessessensensen
How t0 use the ALL KEYWOTA ...c.oovieiieiiriieiieiieiiieieietetetetetete et stestetestesteseeeeean
How to use the ANY and SOME KeyWOords .......cccecverierierienienieninienienienienieniesienieneenees
How to code correlated SUDQUETIES ......eoueeiieiieiirieieieieieieieietetete et
How to use the EXISTS OPEIAtor .....cceeuieiieiieieieieieieieietetenententestentensessesteseeneenees

How to code subqueries in other clauses ...,
How to code subqueries in the HAVING Clause ......ccocvevveieenienienienienienienieieieienen
How to code subqueries in the SELECT €lause ......cccvecveieienieninienienienienieniesieseeiene
How to code subqueries in the FROM €lause .........ocevierienienenienienienienieniesiesieseeeenes

How to work with complex queries ..........ccocov i iccccreen e
A complex query that uses three SUDQUETIES ..cveieieierieiieieieierieieieeteee e
A procedure for building cCOMPIEX QUETIES ...eevveuiierierierieieieieieietetete e eeee e

Perspective ... e

How to insert, update, and delete data

How to create testtables ...
How to create the tables for this BOOK ......cccvieeiievieeiieeeceeereee e
How to create a copy 0f 2 able ..ottt

How t0 inSert New roWS ..o
HOW t0 INSETt @ SINEIE TOW L.itiiiiiiieiieiieieeiieiieteitetet et eteteteteste st etestetetestesbeseneenean
How t0 inSert MUIIPIE TOWS ..ocuiiiiiiiiieiieieeiieiieieeieietetetetetentesttestestebensestessensensenean
How to insert default values and null values ........cceeverieiienieninenienienieniesieseesieseeeene
How to use a subquery in an INSERT Statement ..........ccecvereerienenienienienienienienieneenees

How to update existing rows ..........ccccccniiinminnnn e
HOW t0 UPAALE TOWS ..ottt ettt ettt et e et et tetebe b enbesaneenean
How to use a subquery in an UPDATE Statement ..........cccecveverienienienienienienienienieneenees

Download from Wow! eBook <www.wowebook.com>

ix



Expanded contents

Chapter 8

Chapter 9

Section 3

Chapter 10

How to delete existing rows ..........ccccccemniiinni s
HOW 0 dELEte TOWS ..veeiiieiieiceeectceee ettt
How to use a subquery in a DELETE statement .........cccocevveenienienienienienienienienieneene

Perspeclive ... e

How to work with data types
The data types ...

OVEIVIBW ..ottt ettt ettt ettt s et e s s e s e saneone
The ChATACIET TYPES .uviiiiirieiieiieiieteeieeieeieeiet et et e te e et etetes et et etentetensensensensensansenean
THE INEEEET LYPES wnviiitiiietieiirieieeteeteeteeteeteeueesetestententeseensenseneasensansensansensensensensansansan
The fixed-point and floAting-POINE LYPES c..eeveereeririerierieieieieietentententententeseesteseeneenees
The date and tIME LYPES c..ecvirieiieiieiieieeiieieeieeiirtentetetetetetentenetestestessensensessessensensenen
The ENUM and SET tYPES c..eeueeiieiieiieiieieeieieietetetentetetesetestessestessessessessessessesseneen
The 1arZe ODJECE LYPES 1.eiuiiiirieiieieeieeieeieeieeieeieeietetetetentestestentetestatetensensesesensensenean

How to convertdata ...,
How implicit data cOnversion WOTKS .......ccceieieirierienierienienieieiniententeseenteseesteseeneeneas
How to convert data using the CAST and CONVERT functions...........ccecceveennee
How to convert data using the FORMAT and CHAR functions ..........c.ccecceveennene

Perspeclive ... e

How to use functions

How to work with string data.............cccceceiici e,
A summary of the string fUNCONS ...c.eeieieerieiieierieieieieirtetert ettt steseeeenaas
Examples that use string fUNCHONS .....c.ociririiiieiiririieiieieieieitesientestesteseesteeeneeeenes
How to sort by a string column that contains NUMDbETS .....c..ecevverierierierienierierienieneenees
HOW t0 PATSE @ SIINE ..viuiiiiiiiieiieiieieeieeieeieeieeieteteteteseetessententtesesensensessensensansensn

How to work with numericdata..........ccccceeeirrrii e,
How to use the nUMETic fUNCHIONS ...cvieovieeerieeiiereeer et eee v v e env e reseseeennes
How to search for floating-point NUMDETS .......cc.eiierierierierierienieinienieniesienteseeseeseeeeaas

How to work with date/time data ..........c.cccceriiirirrce
How to get the current date and tME .......ceeeeirieienienieiieieieieieteierieseesteseesteseeeeees
How to parse dates and times with date/time functions ...........ccceverenenenienienieneene.
How to parse dates and times with the EXTRACT function .........ccccceceevecnieennenenee
How to format dates and tiMES ......c.eeieieieirienierienieieieieteetestestesteseenteseesteseeseeneas
How to perform calculations on dates and times .........ecuevveirierienienienienienieniesieseeeenees
How 10 Search fOT @ date .....oooueeiieiieiieieieeieeeteteet ettt ettt aan
How 10 SEarch fOT @ tIME .....oouiieiieiieiieiieieeieeeeetetet ettt ettt et st esaeseeneenean

Other functions you should know about .............ccoeirriiininnne.
How to use the CASE fUNCHON ....covioiiiiieiicietieiceeeeeee ettt
How to use the IF, IFNULL, and COALESCE functions ..........cccecveevveeeveennveenneeenee.

Perspeclive ... e
Database design and implementation

How to design a database

How to design a data structure ............ccociiiiiiiiiiicnceeee
The basic steps for designing a data StIUCTUTE ....e.veveverierieirierierieienieietestesteseeeenees
How to identify the data elements ........c.cecveieiiieiienienienieienieeeiieiesieseeste et seeeeees
How to subdivide the data elements ..........c.coeeerieinieenieienieicieeeeeececieeeeneene
How to identify the tables and assign COIUMNS .....cccevverierierieienienienienienierieseesieseeeenees
How to identify the primary and foreign Keys .....ccooeverierienieenienienienieiesierieieeeiene

Download from Wow! eBook <www.wowebook.com>



Chapter 11

Chapter 12

Expanded contents

How to enforce the relationships between tables ........ocecevievieinieneneneneniesieseienen
How normaliZation WOTKS .......c.ooeiiririeieieieieetetestetetetetenseestestestessessessessensensenen
How to identify the columns to be indeXed .....ocvevieieiieiienieiieeieieieeeeeeeee

How to normalize a data structure ............ccccociiiiiiennccniicceeee
The seven NOTMal fOTTNS ..oc.iviiiiriireieieieieeetee et entent ettt ettt et tetesbeeeseeneenes
How to apply the first normal fOTT .....coeeieiriiieieieieiieieeeei ettt aes
How to apply the second normal fOrm .........ceiieiieiieiienienienieieieeieieeesee e
How to apply the third normal fOrm ........ccoecieiriiieiieiieieieeeeieeeeeee e
When and how to denormalize a data SIrUCTUTE ......c.eeveeeveierenienienieieieieeee e

How to use MySQL Workbench for database design...................
How to open an existing EER mOdel.......c.cooeiieiieiienieiieieieieieieiesieieiesiesie e
How to create a new EER MOde] ......ccoviviiniiriiniinieiieieieieieieieteiesieeiesee e
How to work with an EER model ......c.ooveiiiniiiiiieieieieieeeeeeeeee e
How to work with an EER dia@ram.........ccceceeveiieiienienienienieieienieniesiesieieieseesieseeeeees

Perspective ... e

How to create databases, tables, and indexes

How to work with databases .........ccco e,
How to create and drop a database .........coceeieieinenienieiieieieieteiiesieiete et
How to select @ database .....c.eovievieiieieiieiicieei ettt ettt nean

How to work with tables.......c.ccccee i s
HOW t0 Create @ table ......oovioiieieiieiieie ettt ettt easeessesean
How to code a primary Key CONSIIANE .....c.eeiererierierierierieieieietenientenieseensestesteneeneenees
How to code a foreign Key CONSITAINE .....ce.eeuierieriiierieieieieieeeieitenieeetestesteneeeeneas
How to alter the columns Of @ table .........oovieieeieiieieciieiceeeieeet e
How to alter the constraints of @ table .........ccovveiiiiieiiecieieeeeeeeeee e
How to rename, truncate, and drop a table .........oovvieieiieiienienienieieeieeeieeeeeee

How to work with indexes ...
How t0 create an iNAEX ....voovieivieceieiiecreeee et esve v e enveeervsessreesvesensessnveenns
How t0 drop an I0AEX ...c.icuiiiiiiieiieiieieieeeeeeieeieeetetete ettt tetestestesbe st essenaensenean

A script that creates a database ...
How to use MySQL Workbench ...

How to work with the columns of a table ...........coeovieiiieiiecreeeeeere e
How to work with the indexes 0f @ table .......ooeovieivieiieceecre e
How to work with the foreign keys 0f @ table .......ccevieiieiieiieienieniiierieeeeeeee

How to work with character sets and collations ..........................
An introduction to character sets and CONations ..........cccoevveeieriieiieeienieieeieee e
How to view character sets and CONations .........ccooveeiieriieieieniieieeieie e
How to specify a character set and a collation .........cceceeveerienienieenienienienienienieneeeenes

How to work with storage engines.........c.ccceovivminnieeniccnn e
An introduction t0 StOTAZE ENEZINES ...ecveeueereereereeretertereeteeestetenterensessensensessessessessensen
HOW t0 VIEW StOTAZE ENZINES ...evieviiieiieieerieieeeitetetetetetententenesesensessesessessessensseneen
How t0 Specify a StOrage eNEZINE .....c.eeieieieieieeieierieieietetetenintestestesensessessensesseneas

Perspective ... e

How to create views

An introduction 10 VIEWS .........ccoo i e
HOW VIEWS WOTK ...ttt ettt ettt et e envetesenaeeenvsenesensesennes
Benefits Of USINE VIEWS .o..iiiiiiiiirieiieieeiieieeieeiteieeieeet et etetetentententetestestebestessesansenean

Download from Wow! eBook <www.wowebook.com>

Xi



Xii

Expanded contents

Section 4

Chapter 13

Chapter 14

Chapter 15

How to work with Views ..o
HoOw t0 Create @ VIEW ..c.ociiiiviirieieieieieieeeeeeetesienieseeseeaens

How to create an updatable view

How to use the WITH CHECK OPTION Clause......cccecuerierieninienienienienieniesiesiesieiene 364
How to insert or delete rows through @ VIEW ...c..ccveveieiienienieninienieiesieiesieseesieseeeeees 366
How t0 alter O ATOP @ VIEW ..iiieiiiiiieiieieeiieiteiiietetetetete ettt sttt sbesbesaaeenean 368
Perspective ... 370

Stored program development

Language skills for writing stored programs

An introduction to stored programs ...........cccccciiininnnnee . 374
Four types of Stored ProOZrams ........coiviririirieieieeeieeeeeeeteeeentestentestestesteeesseeenes 374
A script that creates and calls a stored procedure ........oovevverieerienienienenenesiesieseienen 374
A summary of statements for coding stored programs .........eccveeereerierieriereesienieneenees 376

How to write procedural code
How t0 display data ......ocuiiiiiiieeeeeeete ettt ettt ettt ae s
How to declare and set variables ..........coocioieeiieieieeiieiieeeieeee e
How to code IF StateMENts .......covveiierieeiieieieeiieiceieee ettt e et essesssesseessesean
How to code CASE StatemMeEnts .....cc.eovveevieierieeiieieeieeiiesteesiereeseeese s eseessesssesseessesseas
HOW 10 COAE T0OPS -eintiiiiiiiiiseeieeieeeeteeetetet ettt ettt ettt et et et ebe st ebebansenean
HOW t0 USE @ CUISOT .vivivivieiicieteeteeteeteete ettt ettt et et e et esn b et s besbesebesbebessassessas
How to declare a condition handler ..........ccooveieeiioieiieniieieeiieeeieeee e
How to use a condition handler ...........ccoeeeeieeeiiieieeeienne.

How to use multiple condition handlers

Perspeclive ... e

How to use transactions and locking

How to work with transactions ............cccoeeeeri e, 402
How to commit and rollback transactions ..........c.cccvieeveerreeervenveenseeeeeeereessesenseeennes 402
How to work with SAVE POINES ..ecvevieiieiieiiriieiieiieteieietetetetentetestestestestentestesteneeeenean 404

How to work with concurrency and locking ...........ccccvciiiniiieennne 406
How concurrency and locking are related ........cccvevvenieniennene

The four concurrency problems that locks can prevent
How to set the transaction isolation 1evel ..o
How to prevent deadloCks ... ..c.eeieiiriririeiieiieieiteieteteteneteste et ste et stesteseeeeeen

Perspeclive ... e

How to create stored procedures and functions

How to code stored procedures ..........oocceemimrierccccere e 416
How to create and call a stored procedure ..........ecvecveierierierieienienienienienienieseesieseeseeaes 416
How to code input and OUtput PATAMELETS ....co.vvveierierierieieienitententesteeentestenteneeneenees 418
How to set a default value for a parameter ......o..ecvevverierierierienienenienienienienteseesieseeeeees 420
How to validate parameters and raiSe ITOTS ....ecveverierierierierierietenienienientesteseesteseeneenees 422
A stored procedure that INSETTS @ TOW ..cc.eeuiiierierierierienieieieietententententessensessessessensenees 424
How to work with User variables .........cocooieirineiienieieieieieteietesiesie ettt 428
How to work with dynamic SQL .......cooieiririieieieieieieteteit ettt aes 430
How to drop a Stored ProCeUIE .....c.eeieieieirenieieieieietetenetestestesteseentestessesseeenean 432
How to code stored functions .........cccccerreiiceccecccecree 434
How to create and call @ fUnCHON ......c.coveieirieiieiieiieieieietetetest ettt 434
A function that calculates balance dUe ......c..ecvevieiienienieiieiineniereeeeeeeeeee e 436
How t0 drop @ fUNCHON ..ottt ettt ettt et sbe e eaeneen 438

Download from Wow! eBook <www.wowebook.com>



Chapter 16

Section 4

Chapter 17

Chapter 18

Expanded contents

How to use MySQL Workbench with stored routines ..................
How t0 view StOred TOULINES ...cvvevveiierieeiieiieieeiiet ettt essesaeessessesseessessenseenis
How to create Stored TOULINES ........ccoovveevieriieieeiieieieesiesieesteeseeseeteesseseessesssesseessesseas
How t0 drop StOTed TOULINES .....icuevieiieiieiieiieiieieeieeeietetetetententetetestesessessessesensenean

Perspective ... e

How to create triggers and events

How to work with triggers ..o e
How to create @ BEFORE trIZEZET .....eouieiieiieiieiieieieieieieietetetetentestestestestesteseeeeeas
How to use a trigger to enforce data CONSISIENCY ..euveuveveierieinterienieniesieniereesieneeneenees
How to create an AFTER TrIGEZET .....ooiiriiiiieiieieieieieieteteetestete ettt sae e aes
HOW t0 VIEW OT dTOP tTIZEETS w.veuviiiiieiieiieiieieeietetetetetetetentetestestesbetestestesbenseneenean

How to work with events........ccccoo i
How to turn on the event SChedUIET .........ccvioieeieiieieiieceei e
HOW 10 CTeAte AN EVENL .....iiviiiiivicierierierieteeteeteete ettt et et e st ess et estesbesbesbesbesbessesessas
How to view, alter, OT drop EVENLS .....c.eeirieeieiieieieieietetetetentetesteseestestesteseeeeneas

Perspective ... e
Database administration

An introduction to database administration

Database administration concepts .........cccociriiiiericc e,
Database administrator reSpONSIDIIITIES ...c.ceeeerierierienierierieieieteniesiesiesiesteseeseeseeeeneas
Types Of database fI1ES .....ccuirireirieieieieeieeeetete ettt ettt ettt ste st esbesaeeenean
TYPES OF 10Z TIIES ittt ettt et ettt ettt e b et ebebaneenean

How t0 monitor the Server ... e
How to view and Kill PrOCESSES ...c.eeuieiieirieiirieieieieieietetenententestestessensessessessesseneen
How to view the status variables .........cocoeieiriieiienieieieieeeeiesieseesteseeste et aes
How to view the System variables ........c.cccveieiiierienienienienienieieiientesieseenteseesteseeseeeas

How to configure the server ...
How to set system variables using MySQL Workbench .........ccccooevenenienienienienienee.
How to set system variables using a teXt €ditor .....ocvevververieriererienienienierienieriesieseeeenes
How to set system variables using the SET statement .........cceceverenienienienienienieneene.

How to work with 10gging ........ccccociiniiinnir s
How to enable and disable 10GZING ......ccoeieiriiiierienieiieieieieteiesiesiesie ettt aes
How t0 configure J0ZZING ......cccouiviiriiiiiieiieieiieieietetetetetet ettt sttt seeeeeen
How t0 view teXt-based 10€S ..c.oiiiriiiieieieieceeeeeet ettt
How t0o view the bINary 10Z ...c.ccoeiririririeieieieiieieteieeetetete ettt st stesaeeenean
HOW 10 MANAZE 1O <.ontiiiiiiiiiiieieeiteieeieeeeieeie ettt et eae et tbebebebe st essesaneenean

Perspective ... e

How to secure a database

An introduction to user accounts ..o
An introduction to SQL statements fOr USET aCCOUNES .....ocvvevvievierieerieiierieeiieieesiena
A SUMMATY O PLIVIIEZES .eviiiiieiieiieiieiieieeieeieeieetetetetestetestententtetestetesensessensensenean
The four Privilege 1EVELS .....ociiiiiieieieieeeeeeccet ettt ettt ettt sae e ean
The grant tables in the mysql database ......cceeeeerienienienienieiieieeeeeeeeee e

How to work with users and privileges...........cccccvvviniiiniciienenn,
How to create, rename, and drop USETS c..ee.eeueeeeieierierierieieieieniniententeseenteseesteseeneeneas
How to specify USer aCCOUNt NAMES ....coeeuierieririeierieieieientetentenetestessensessessessenseneen

Download from Wow! eBook <www.wowebook.com>

xiii



Xiv

Expanded contents

Chapter 19

HOW t0 @rant PrivIIEZES .. .ccuiieieiieiieiieiieieeieeetete et et eteteetestestetestetebestessesensenean 504
HOW tO VIEW PIIVIIEZES ..eiiiieiieiieiieiieiieieeieeieetete et et etetetestete st etesbestetestessesansenean 506
HOW t0 T€VOKE PIIVIIEZES ..eiiiiiiiiieiieiieieeiieieeieete et eteteee ettt steste b ste st esbeneansenean 508
How t0 change passWOTdS .....occieieieieieieieieeteitetetetetetetesttestestestestestessessensenean 510
A SCIIPE tNAL CIEALES USETS ..eevieretieiieieeieeieetentetetentententententesensensensesesessensessessensensensen 512
How to use MySQL Workbench ..., 514
How to use the Admin tab to Work With USETS.......ccveiieiieiieiieirienieieseeeeeeee e 514
How to use the SQL Editor tab to connect as a user for testing ........cccevververienienieneen 518
Perspeclive ... e 522
How to back up and restore a database

Strategies for backing up and restoring a database..................... 526
A DACKUD SITALEZY .veutietiiitiiirieieeteeieeteeieeseeseeseeseaentensensensensensensesansensensensensensensansensen 526
A TESTOTE SITALEZY .uviuvitiietireeieeteeseeteeseeseeseeseesesestensensensensensensensentsensensansensensensansensen 526
How to back up adatabase...........ccomerrerece e 528
How use mysgldump to back up a database ........ccecevvevierienienieinienienieniesiesesieseeeee 528
A SQL script file for a database backup

How to set advanced options for a database backup ........cceevuevienienienienienienienienienee. 534
How to restore a database ............ccccccceeiiciccsic e, 536
How to use a SQL script file to restore a full backup ......ccceevevieiienieniinienienieieieienee. 536
How to execute statements in the binary 10g .....ccvecveverierieenienienienienieniesieniesieseeeenes 538
How to view and edit statements in the binary 10 .......cecevveverienienenienenienienienieienie. 540
How to import and export data...........ccooceoeeiiieicccc e 542
How t0 export data to @ fIle ...oooieirieirieiieieieeieeeeteeee ettt aes
How to import data from a file

How to check and repairtables ... 546
How to use the CHECK TABLE Statement ........c.cccuevuerierierieinienienienienienieneesieneeneenees 546
How to use the REPAIR TABLE Statement ........cccecveruerierierieinienienienienienieneesieneeeenees 548
How to repair an InnoDB table .......c.ociviriniiiieieieieieeieeeeeieeesee e

How to use the mysqglcheck program
How to use the myisamchk program

Perspeclive ... e

Download from Wow! eBook <www.wowebook.com>



Introduction

Since its release in 2000, MySQL has become the world’s most popular
open-source database. It has been used by everyone from hobbyists to the
world’s largest companies to deliver cost-effective, high-performance, scalable
database applications...the type of applications that the web is built on. In fact,
MySQL has been used as the database for many high-profile web sites,
including Wikipedia, Facebook, and Twitter. So knowing MySQL is a plus for
any developer today.

Who this book is for

This book is designed for developers who are new to MySQL, as well as
developers who have been using MySQL for years but who still aren’t getting
the most from it. It shows how to code all the SQL statements that developers
need for their applications, and it shows how to code these statements so they
run efficiently.

This book is also a good choice for anyone who wants to learn standard
SQL. Since SQL is a standard language for accessing database data, most of
the SQL code in this book will work with any database management system.
As a result, once you use this book to learn how to use SQL to work with a
MySQL database, you can transfer most of what you have learned to another
database management system, such as Oracle, SQL Server, or DB2.

This book is also the right first book for anyone who wants to become a
database administrator. Although this book doesn’t present all of the advanced
skills that are needed by a DBA, it will get you started. Then, when you
complete this book, you’ll be prepared for more advanced books on the subject.
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5 reasons why you’ll learn faster with this book

Unlike most MySQL books, this one starts by showing you how to query
an existing database rather than how to create a new database. Why?
Because that’s what you’re most likely to need to do first on the job. Once
you master those skills, you can learn how to design and implement a
database if you need to do that. Or, you can learn how to work with other
database features like transactions or stored procedures if you need to do
that.

Unlike most MySQL books, this one shows you how to use MySQL
Workbench to enter and run your SQL statements. MySQL Workbench is a
graphical tool that’s an intuitive and user-friendly replacement for MySQL
Monitor, a command-line program that has been around since the
beginning of MySQL. In our experience, using MySQL Workbench instead
of the command line helps you learn more quickly.

Like all of our books, this one includes hundreds of examples that range
from the simple to the complex. That way, you can quickly get the idea of
how a feature works from the simple examples, but you’ll also see how the
feature is used in the real world from the complex examples.

Like most of our books, this one has exercises at the end of each chapter
that give you hands-on experience by letting you practice what you’ve
learned. These exercises also encourage you to experiment and to apply
what you’ve learned in new ways.

If you page through this book, you’ll see that all of the information is
presented in “paired pages,” with the essential syntax, examples, and
guidelines on the right page and the perspective and extra explanation on
the left page. This helps you learn more with less reading, and it is the
ideal reference format when you need to refresh your memory about how
to do something.

What you’ll learn in this book

In section 1, you’ll learn the concepts and terms you need for working with
any database. You’ll also learn how to use MySQL Workbench to work
with a database and run SQL statements.

In section 2, you’ll learn all the SQL skills for retrieving data from a
database and for adding, updating, and deleting that data. These skills
move from the simple to the complex, so you won’t have any trouble if
you’re new to SQL. But these skills are also sure to raise your expertise
even if you already have SQL experience.

In section 3, you’ll learn how to design a database. This includes learning
how to use MySQL Workbench to create an EER (enhanced entity-
relationship) model for your database. Then, you’ll learn how to implement
that design by using the DDL (Data Definition Language) statements that
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are a part of SQL. When you’re done, you’ll be able to design and
implement your own database. In addition, you’ll gain valuable perspective
that will make you a better SQL programmer, even if you never have to
design a database.

o In section 4, you’ll learn how to use MySQL to create stored procedures,
functions, triggers, and events. In addition, you’ll learn how to manage
transactions and locking. These features allow you to create stored
programs made up of multiple SQL statements that can be stored in the
database and accessed as needed, either to run on their own or to use in
application programs...a great productivity booster! So once you master
these features, you’ll have a powerful set of MySQL skills.

o Insection 5, you’ll learn a starting set of skills for becoming a database
administrator (DBA). These skills include how to secure a database, how to
back up a database, and how to restore a database.

What software you need for this book

Although you should be able to use this book with most versions of
MySQL, we recommend that you use:

e  MySQL Community Edition 5.5 or higher
o  MySQL Workbench 5.2 or higher

Both of these products can be downloaded for free from MySQL’s web site.
And appendixes A (for Windows) and B (for Mac OS X) provide complete
instructions for installing them.

Since the MySQL server is backwards compatible, all of the SQL
statements presented in this book should also work with future versions of
MySQL. In addition, most statements presented in this book work with earlier
versions of MySQL, and we have done our best to identify any statements that
don’t.

If you use MySQL Workbench 5.2.38, all of the skills presented in this
book should work exactly as described. However, MySQL Workbench is being
actively developed, so its functionality is improving all the time. As a result,
you may want to use a later version of MySQL Workbench. If you do, the skills
presented in this book may not work exactly as described, but they’ll be similar
enough that you shouldn’t have any trouble with them.

What you can download from our web site
You can download all the source code for this book from our web site. That
includes:

e A script file that creates the three databases used by this book.
o The source code for all examples in this book.
o The solutions to the exercises that are at the end of each chapter.

Download from Wow! eBook <www.wowebook.com>



XViii

Introduction

Again, appendixes A (Windows) and B (Mac OS X) provide complete
instructions for installing these items on your computer.

Support materials for trainers and instructors

If you’re a corporate trainer or a college instructor who would like to use
this book for a course, we offer an Instructor’s CD that includes: (1) a complete
set of PowerPoint slides that you can use to review and reinforce the content of
the book; (2) instructional objectives that describe the skills a student should
have upon completion of each chapter; (3) test banks that measure mastery of
those skills; (4) additional chapter exercises that aren’t in this book; and (5)
solutions to those exercises.

To learn more about this Instructor’s CD and to find out how to get it,
please go to our web site at www.murach.com and click on the Trainers link or
the Instructors link. Or, if you prefer, you can call Kelly at 1-800-221-5528 or
send an email to kelly@murach.com.

Please let me know how this book works for you

When I started this book, I had two goals. First, I wanted to get you started
with MySQL as quickly and easily as possible. Second, I wanted to raise your
database development skills to a professional level.

Now, I thank you for buying this book. I wish you all the best with your
MySQL development. And if you have any comments about this book, I'd love
to hear from you.

Mun o/~

Joel Murach, Author
joel@murach.com
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An introduction to MySQL

Before you begin to learn the fundamentals of programming in MySQL,
you need to understand some concepts and terms related to SQL and
relational databases. That’s what you’ll learn in chapter 1. Then, in chapter
2, you’ll learn about some of the tools you can use to work with a MySQL
database. At that point, you’ll have all of the background and skills that
you need to work with the rest of this book.
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An introduction
to relational databases
and SQL

This chapter presents the concepts and terms that you should understand before
you begin learning how to work with a SQL database such as MySQL.
Although this chapter doesn’t present the coding details, it does present an
overview of the most important types of SQL statements that are presented in
this book.
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Section 1 An introduction to MySQL

An introduction
to client/server systems

In case you aren’t familiar with client/server systems, the topics that follow
introduce you to their essential hardware and software components. When you
use SQL to access a MySQL database, that system is often a client/server
system.

The hardware components
of a client/server system

Figure 1-1 presents the three hardware components of a client/server
system: the clients, the network, and the server. The clients are usually the PCs
that are already available on the desktops throughout a company. Clients can
also be mobile devices like laptops, tablets, and smartphones. And the network
is the cabling, communication lines, network interface cards, hubs, routers, and
other components that connect the clients and the server.

The server, commonly referred to as a database server, is a computer that
has enough processor speed, internal memory (RAM), and disk storage to store
the files and databases of the system and provide services to the clients of the
system. This computer can be a high-powered PC, a midrange system like an
IBM System x or Unix system, or even a mainframe system. When a system
consists of networks, midrange systems, and mainframe systems, often spread
throughout the country or world, it is commonly referred to as an enterprise
system.

To back up the files of a client/server system, a server usually has a backup
disk drive or some other form of offline storage. It often has one or more
printers or specialized devices that can be shared by the users of the system.
And it can provide programs or services like e-mail that can be accessed by all
the users of the system.

In a simple client/server system, the clients and the server are part of a local
area network (LAN). However, two or more LANs that reside at separate
geographical locations can be connected as part of a larger network such as a
wide area network (WAN). In addition, individual systems or networks can be
connected over the Internet.
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A simple client/server system
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The three hardware components of a client/server system

The clients are the PCs, Macs, or workstations of the system. They can also be
mobile devices like laptops, tablets, and smartphones.

The server is a computer that stores the files and databases of the system and
provides services to the clients. When it stores databases, it’s often referred to as a
database server.

The network consists of the cabling, communication lines, and other components
that connect the clients and the servers of the system.

Client/server system implementations

In a simple client/server system like the one above, the server is typically a high-
powered PC that communicates with the clients over a local area network (LAN).

The server can also be a midrange system, like an IBM System x or a Unix system,
or it can be a mainframe system.

A client/server system can also consist of one or more PC-based systems, one or
more midrange systems, and a mainframe system in dispersed geographical
locations. This type of system is commonly referred to as an enterprise system.

Individual systems and LANs can be connected and share data over larger private
networks, such as a wide area network (WAN), or a public network like the Internet.

Figure 1-1 The hardware components of a client/server system
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The software components
of a client/server system

Figure 1-2 presents the software components of a typical client/server
system. Here, the server requires a database management system (DBMS) like
MySQL or Microsoft SQL Server. This DBMS manages the databases that are
stored on the server.

In contrast to a server, each client requires application scftware to perform
useful work. This can be a purchased software package like a financial account-
ing package, or it can be custom software that’s developed for a specific
application.

Although the application software is run on the client, it uses data that’s
stored on the server. To do that, it uses a data access API (application program-
ming inteiface). Since the technique you use to work with an API depends on
the programming language and API you’re using, you won’t learn those tech-
niques in this book. Instead, you’ll learn about a standard language called SQL
(Structured Query Language) that lets any application communicate with any
DBMS. (In conversation, SQL is pronounced as either S-Q-L or sequel.)

Once the software for both client and server is installed, the client commu-
nicates with the server via SQL queries (or just queries) that are passed to the
DBMS through the API. After the client sends a query to the DBMS, the DBMS
interprets the query and sends the results back to the client.

In a client/server system, the processing is divided between the clients and
the server. In this figure, for example, the DBMS on the server processes the
requests that are made by the application running on the client. Theoretically, at
least, this balances the workload between the clients and the server so the
system works more efficiently.
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Client software, server software, and the SQL interface

a

Server software

o To store and manage the databases of the client/server system, each server requires
a database management system (DBMS) like MySQL.

o The processing that’s done by the DBMS is typically referred to as back-end
processing, and the database server is referred to as the back end.

Client software

o The application scftware does the work that the user wants to do. This type of
software can be purchased or developed.

o The data access API (application programming inteiface) provides the interface
between the application program and the DBMS. For example, for Java applica-
tions, the most common data access API for MySQL is JDBC (Java Database
Connectivity).

o The processing that’s done by the client software is typically referred to as front-
end processing, and the client is typically referred to as the front end.

The SQL interface

o The application software communicates with the DBMS by sending SQL queries
through the data access APL. When the DBMS receives a query, it provides a
service like returning the requested data (the query results) to the client.

o SQL stands for Structured Query Language, which is the standard language for
working with a relational database.

Client/server versus file-handling systems

o In aclient/server system, the processing done by an application is typically divided
between the client and the server.

o In a file-handling system, all of the processing is done on the clients. Although the
clients may access data that’s stored in files on the server, none of the processing is
done by the server. As a result, a file-handling system isn’t a client/server system.

Figure 1-2 The software components of a client/server system
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Other client/server architectures

In its simplest form, a client/server system consists of a single database
server and one or more clients. Many client/server systems today, though,
include additional servers. For example, figure 1-3 shows two client/server
systems that include an additional server between the clients and the database
Server.

The first illustration is for a simple networked system. With this system,
only the user interface for an application runs on the client. The rest of the
processing that’s done by the application is stored in one or more business
components on the application server. Then, the client sends requests to the
application server for processing. If the request involves accessing data in a
database, the application server formulates the appropriate query and passes it
on to the database server. The results of the query are then sent back to the
application server, which processes the results and sends the appropriate
response back to the client.

Similar processing is done by a web-based system, as illustrated by the
second example in this figure. In this case, though, a web browser running on
the client is used to send requests to a web application running on a web server
somewhere on the Internet. The web application, in turn, can use web services
to perform some of its processing. Then, the web application or web service can
pass requests for data on to the database server.

Although this figure should give you an idea of how client/server systems
can be configured, you should realize that they can be much more complicated
than what’s shown here. For example, business components can be distributed
over any number of application servers, and those components can communi-
cate with databases on any number of database servers. Similarly, the web
applications and services in a web-based system can be distributed over numer-
ous web servers that access numerous database servers. In most cases, though,
you don’t need to know how a system is configured to use SQL.

Before I go on, you should know that client/server systems aren’t the only
systems that support SQL. For example, traditional mainframe systems and
newer thin client systems also use SQL. Unlike client/server systems, though,
most of the processing for these types of systems is done by a mainframe or
another high-powered machine. The terminals or PCs that are connected to the
system do little or no work.
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A networked system that uses an application server

Description

In addition to a database server and clients, a client/server system can include
additional servers, such as application servers and web servers.

Application servers are typically used to store business components that do part of
the processing of the application. In particular, these components are used to
process database requests from the user interface running on the client.

Web servers are typically used to store web applications and web services. Web
applications are applications that are designed to run on a web server. Web services
are like business components, except that, like web applications, they are designed
to run on a web server.

In a web-based system, a web browser running on a client sends a request to a web
server over the Internet. Then, the web server processes the request and passes any
requests for data on to the database server.

More complex system architectures can include two or more application servers,
web servers, and database servers.

Figure 1-3 Other client/server architectures
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An introduction
to the relational database model

In 1970, Dr. E. FE. Codd developed a model for a new type of database called
a relational database. This type of database eliminated some of the problems
that were associated with standard files and other database designs. By using
the relational model, you can reduce data redundancy, which saves disk storage
and leads to efficient data retrieval. You can also view and manipulate data in a
way that is both intuitive and efficient. Today, relational databases are the de
facto standard for database applications.

How a table is organized

The model for a relational database states that data is stored in one or more
tables. It also states that each table can be viewed as a two-dimensional matrix
consisting of rows and columns. This is illustrated by the relational table in
figure 1-4. Each row in this table contains information about a single vendor.

In practice, the rows and columns of a relational database table are often
referred to by the more traditional terms, records and fields. In fact, some
software packages use one set of terms, some use the other, and some use a
combination. In this book, I use the terms rows and columns because those are
the terms used by MySQL.

In general, each table is modeled after a real-world entity such as a vendor
or an invoice. Then, the columns of the table represent the attributes of the
entity such as name, address, and phone number. And each row of the table
represents one instance of the entity. A value is stored at the intersection of each
row and column, sometimes called a cell.

If a table contains one or more columns that uniquely identify each row in
the table, you can define these columns as the primary key of the table. For
instance, the primary key of the Vendors table in this figure is the vendor_id
column. In this example, the primary key consists of a single column. However,
a primary key can also consist of two or more columns, in which case it’s called
a composite primary key.

In addition to primary keys, some database management systems let you
define additional keys that uniquely identify each row in a table. If, for
example, the vendor_name column in the Vendors table contains unique data, it
can be defined as a non-primary key. In MySQL, this is called a unique key.

Indexes provide an efficient way of accessing the rows in a table based on
the values in one or more columns. Because applications typically access the
rows in a table by referring to their key values, an index is automatically created
for each key you define. However, you can define indexes for other columns as
well. If, for example, you frequently need to sort the Vendor rows by zip code,
you can set up an index for that column. Like a key, an index can include one or
more columns.
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The Vendors table in an Accounts Payable database

Primary key Columns
vendor_id vendor_name vendor_address1 vendor_address2 vendor_city vendor_st *
» .'I . US Postal Service Aftn: Supt. Window Services PO Box. 7005 Madison Wi . E
2 National Information Data Ctr PO Box 96621 Washington (s i
13 Register of Copyrights Librany Of Congress Washington DC
4 Jobtrak 1550 Westwood Blvd Ste 260 Loz Angeles CA
) MNewbrige Book Clubs 3000 Cindel Drive Washington NJ
3 Calfornia Chamber Of Commerce 3255 Ramos Cir Sacramento CA
i Towne Advertiser's Mailing Sves  Kevin Minder 2447 W Macarthur Blvd  Santa Ana CA — Rows
g BF! Industries PO Bax 5369 Fresno CA
5 Pacific Gas & Hectric Beee 52001 San Francisco  CA
10 Robbins Mobile Lock And Key 4669 N Fresno Fresno CA
1Al Bill Marvin Hectric Inc 4583 E Home Fresno CA
12 City Of Fresno PO Box 2065 Fresno CA
i _Zaldon Conla lnmsonnn Ca D Dnes OROIC Lon Minan L ] 2
] I 3
Concepts

A relational database consists of tables. Tables consist of rows and columns, which
can also be referred to as records and fields.

A table is typically modeled after a real-world entity, such as an invoice or a
vendor.

A column represents some attribute of the entity, such as the amount of an invoice
or a vendor’s address.

A row contains a set of values for a single instance of the entity, such as one
invoice or one vendor.

The intersection of a row and a column is sometimes called a cell. A cell stores a
single value.

Most tables have a primary key that uniquely identifies each row in the table. The
primary key is usually a single column, but it can also consist of two or more
columns. If a primary key uses two or more columns, it’s called a composite
primary key.

In addition to primary keys, some database management systems let you define one
or more non-primary keys. In MySQL, these keys are called unique keys. Like a
primary key, a non-primary key uniquely identifies each row in the table.

A table can also be defined with one or more indexes. An index provides an effi-
cient way to access data from a table based on the values in specific columns. An
index is automatically created for a table’s primary and non-primary keys.

Figure 1-4 How a database table is organized
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How tables are related

The tables in a database can be related to other tables by values in specific
columns. The two tables shown in figure 1-5 illustrate this concept. Here, each
row in the Vendors table is related to one or more rows in the Invoices table.
This is called a one-to-many relationship.

Typically, relationships exist between the primary key in one table and the
foreign key in another table. The foreign key is simply one or more columns in a
table that refer to a primary key in another table. In this figure, for example, the
vendor_id column is the foreign key in the Invoices table and is used to create
the relationship between the Vendors table and the Invoices table.

Although one-to-many relationships are the most common, two tables can
also have a one-to-one or many-to-many relationship. If a table has a one-to-one
relationship with another table, the data in the two tables could be stored in a
single table. Because of that, one-to-one relationships are used infrequently.

In contrast, a many-to-many relationship is usually implemented by using
an intermediate table that has a one-to-many relationship with the two tables in
the many-to-many relationship. In other words, a many-to-many relationship
can usually be broken down into two one-to-many relationships.

If you define a foreign key for a table in MySQL, you can have the foreign
key enforce referential integrity. When MySQL enforces referential integrity, it
makes sure that any changes to the data in the database don’t create invalid
relationships between tables. For example, if you try to add a row to the
Invoices table with a vendor_id value that doesn’t exist in the Vendors table,
MySQL won’t add the row and will display an error. This helps to maintain the
integrity of the data that’s stored in the database.
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The relationship between the Vendors and Invoices tables in the database

vend;:r_id vendor_name vendor_address1 vendor_addressZ2 wendor_city vendor_i *
14 Fostmaster Postage Due Technician 1500 E Street Fresno CA
115 Roadway Package System, Inc  Dept La 21095 Pasadena CA
116 State of Calfomia Employment Development ... PO Box 826276 Sacramento CA
17 Suburban Propane 2874 5 Chemy Ave Fresno CA
118 Unocal P.0. Box 860070 Pasadena CA
115 Yesmed, Inc PO Box 2061 Fresno CA
120 Dataforms West 1617 W. Shaw Avenue Suite F Fresno CA
121 Zylka Design MB7 W Shaw fve #103 Fresno CA
122 United Parcel Service P.0. Box 505820 Reno NV [
123 Federal Express Corporation P.O. Box 1140 Dept A Memphis TN v
4 ] | F
invoice_id vendor_id invoice_number invoice_date invoice_total payment_total credit_total f
== — 13 363253245 0110610 4075 075 0.00
56 86 367447 2011-06-11 243300 243300 0.00
57 103 7050227 20110611 1367.50 1367.50 0.00
£ 123 963253256 2011-06-11 5325 53.25 0.00
== 123 4-314-3057 20110611 1375 13.75 0.00
60 122 985315457 2011-06-12 231220 231220 0.00
&1 115 24546711 20110615 25.67 2567 0.00
£ 123 963253265 201106-15 26.75 2675 0.00
63 122 589319427 20110616 211581 2115.81 0.00
i P 123 563253267 2011-06-17 2350 2350 0.00 -
al | i :
I
Concepts

o The vendor_id column in the Invoices table is called a foreign key because it
identifies a related row in the Vendors table. A table may contain one or more
foreign keys.

o When you define a foreign key for a table in MySQL, you can have that foreign
key enforce referential integrity. Then, MySQL makes sure that any changes to the
data in the database don’t create invalid relationships between tables.

o The most common type of relationship is a one-to-many relationship as illustrated
by the Vendors and Invoices tables. A table can also have a one-to-one relationship
or a many-to-many relationship with another table.

Figure 1-5

How tables are related
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How columns are defined

When you define a column in a table, you assign properties to it as indi-
cated by the design of the Invoices table in figure 1-6. The most critical prop-
erty for a column is its data type, which determines the type of information that
can be stored in the column. With MySQL, you can choose from the data types
listed in this figure as well as several other data types that are described in
chapter 8. As you define each column in a table, you generally try to assign the
data type that minimizes the use of disk storage because that improves the
performance of the queries later.

In addition to a data type, you must identify whether the column can store a
null value (or just null). A null represents a value that’s unknown, unavailable,
or not applicable. In this figure, the columns that have the NN (not null) box
checked don’t allow null values. If you don’t allow null values for a column,
you must provide a value for that column when you store a new row in the
table.

You can also assign a default value to each column. Then, that value is
assigned to the column if another value isn’t provided. As you can see, three of
the columns of the Invoices table have a default value. You’ll learn more about
how to work with null and default values later in this book.

Each table can also contain a numeric column whose value is generated
automatically by the DBMS. In MySQL, a column like this is called an auto
increment column. You’ll learn more about defining auto increment columns in
chapter 11. For now, just note that the primary key of both the Vendors and
Invoices tables—vendor_id and invoice _id—are auto increment columns.
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Auto Increment

Column Mame Datatype PK NN UQ BIN UN ZF AI Default 2
invoice_id INT{11) 5 s O
@ vendor_id INT{11) [ B B B F [
& invoice_number VARCHAR(50) = B B B E B
“# invoice_date DATE ] B B B B | E
¥ invoice_total DECIMAL(g,2) = B B B B B\
% payment_total DECIMAL{9,2) ] O O O O s R 7 T
% credit_total DECIMAL(S,2) ] BH B B H B e
@ terms_id INT{11) ] ] O O O s M
“# invoice_due date DATE ] B B B E E
> payment_date DATE N ] O s I R s T T *
Column Mame: | Data Type: '
Collation: 'l Default: |
Comments: & "] Primary Mot Mull | Unique
|| Binary [ unsigned [ | ZeraFill

Common MySQL data types

CHAR, VARCHAR

INT, DECIMAL
FLOAT
DATE

Description

A string of letters, symbols, and numbers.

Integer and decimal numbers that contain an exact value.

Floating-point numbers that contain an approximate value.

Dates and times.

Description

The data type that’s assigned to a column determines the type of information that
can be stored in the column.

Figure 1-6

Each column definition also indicates whether or not it can contain null values. A
null value indicates that the value of the column is unknown.

A column can also be defined with a default value. Then, that value is used if

another value isn’t provided when a row is added to the table.

A column can also be defined as an auto increment column. An auto increment
column is a numeric column whose value is generated automatically when a row is

added to the table.

How columns are defined
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How to read a database diagram

When working with relational databases, you can use an entity-relationship
(ER) diagram to show how the tables in a database are defined and related. Or,
you can use a newer version of an ER diagram known as an enhanced entity-
relationship (EER) diagram. In figure 1-7, for example, you can see an EER
diagram for the AP (Accounts Payable) database that’s used throughout this
book. This diagram shows that the database contains five related tables:
Vendors, Terms, Invoices, Invoice_Line_Items, and General_Ledger_Accounts.

For each table, this diagram shows how the columns are defined. For
example, it shows that the Vendors table has 12 columns. It shows the name and
data type for each column. It uses a key icon to show that the primary key for
this table is the vendor_id column. And it uses a dark diamond icon to show that
the table has two columns that are foreign keys: default_terms_id and
default_account_number.

This diagram also shows how the tables are related. To do that, it places a
connector symbol between the tables. For example, the connector between the
Vendors and Invoices table shows that these tables have a one-to-many relation-
ship. On this connector, the symbol closest to the Invoices table indicates that
many invoices can exist for each vendor, and the symbol closest to the Vendors
table shows that only one vendor can exist for each invoice. If you study the
primary and foreign keys for these tables, you can deduce that these tables are
designed to be joined on the vendor_id column that’s in both tables.

Similarly, this diagram shows that there’s a one-to-many relationship
between the Terms and Vendors table. In other words, each terms of payment
can have many vendors, but each vendor can only have one default terms of
payment. If you study the primary and foreign keys for these tables, you can
deduce that these tables are designed to be joined on the terms_id column of the
Terms table and the default_terms_id column of the Vendors table.

Most of the tables in this diagram begin with a single column that defines
the primary key for the table. However, the Invoice_Line_Items table begins
with two columns (invoice_id and invoice_sequence) that define the primary
key for this table. In other words, since the invoice_id column doesn’t uniquely
identify the line item, the primary key must include the invoice_sequence
column so it can uniquely identify each row.

In chapter 10, you’ll learn how to use MySQL Workbench to create and
work with EER diagrams. For now, you just need to understand how to read the
diagram presented in this figure so you can understand the relationships
between the tables in the AP database.
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vendor_id INT

»vendor_name VARCHAR(50)
»vendor_address1 W ARCHAR(S0)
»vendor_address2 V ARCHAR(50)
» vendor_city VARCHAR(50)
»vendor_state CHAR(Z)
»vendor_zip_code VARCHAR(20)
»vendor_phone Y ARCHAR{50)

Chapter 1

% \

»vendor_contact_last_name VARCHAR(S0) | H= = =— |

»vendor_contact_first_ nam e VARCHAR{50)

& default_terms_id INT
& default_account_number INT

T
|

|
¥

:] general_ledger accounts 'r-'

account_number INT

T
|
!
f

Description

» account_description VARCHAR(50)

Ld

An introduction to relational databases and SQL

An EER diagram for the AP (Accounts Payable) database

»payment totd DECIMAL(S,2)

» redit_total DECIMAL(2,2)

2 terms_id INT
invoice_due_date DATE

> payment_date DATE

i

—| invoice_line_items
invoice_id INT
invoice_sequence INT

» account_number INT
»line_item _amount DECIMAL(S,2)

"] terms v
terms_id INT
— — — > term s_description VARCHAR(50)
I 2 term s_due_days INT
S _I | | 4
i
A
7] invoices v
invoice_id INT
I o vendor_id INT
I »invoice_number ¥ ARCHAR(50)
: invoice_date DATE
> I » invoice_total DECIMAL(S,2)
- —

»line_item _description W ARCHAR{100)

| 3

o An entity-relationship (ER) diagram or enhanced entity-relationship (EER) dia-
gram can be used to show how the tables in a database are defined and related.

Figure 1-7

How to read a database diagram
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An introduction to SQL
and SQL-based systems

In the topics that follow, you’ll learn how SQL and SQL-based database
management systems evolved. In addition, you’ll learn how some of the most
popular SQL-based systems compare.

A brief history of SQL

Prior to the release of the first relational database management system, each
database had a unique physical structure and a unique programming language
that the programmer had to understand. That all changed with the advent of
SQL and the relational database management system.

Figure 1-8 lists the important events in the history of SQL. In 1970, Dr. E.
F. Codd published an article that described the relational database model he had
been working on with a research team at IBM. Then, in 1979, Relational
Software, Inc. released the first relational database management system, called
Oracle. This RDBMS ran on a minicomputer and used SQL as its query lan-
guage. This product was widely successful, and the company later changed its
name to Oracle to reflect that success.

In 1982, IBM released its first commercial SQL-based RDBMS, called
SQL/DS (SQL/Data System). This was followed in 1985 by DB2 (Database 2).
Both systems ran only on IBM mainframe computers. Later, DB2 was ported to
other operating systems, including Unix and Windows. Today, it continues to be
IBM’s premier database system.

During the 1980s, other SQL-based database systems, including SQL
Server, were developed. Although each of these systems used SQL as its query
language, each implementation was unique. That began to change in 1989,
when the American National Standards Institute (ANSI) published its first set of
standards for a database query language. As each database manufacturer has
attempted to comply with these standards, their implementations of SQL have
become more similar. However, each still has its own dialect of SQL that
includes additions, or extensions, to the standards.

Although you should be aware of the SQL standards, they will have little
effect on your job as a MySQL programmer. The main benefit of the standards
is that the basic SQL statements are the same in each dialect. As a result, once
you’ve learned one dialect, it’s relatively easy to learn another. On the other
hand, porting applications that use SQL from one type of database to another
often requires substantial changes.

1995 saw the first release of MySQL, which was used internally by the
company that developed it, MySQL AB. In 2000, MySQL became an open-
source database. Since then, MySQL has become one of the most popular
databases, especially for web applications. In 2008, MySQL was acquired by
Sun Microsystems, and in 2010, Oracle acquired Sun.
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Important events in the history of SQL

1970
1979

1982
1985
1987
1989

1992

1995
1999

2000
2003

2008
2010

Description

Dr. E. F. Codd developed the relational database model.

Relational Software, Inc. (later renamed Oracle) released the first relational
DBMS, Oracle.

IBM released their first relational database system, SQL/DS (SQL/Data System).

IBM released DB2 (Database 2).
Microsoft released SQL Server.

The American National Standards Institute (ANSI) published the first set of
standards for a database query language, called ANSI/ISO SQL-89, or SQLI1.
These standards were similar to IBM’s DB2 SQL dialect. Because they were not
stringent standards, most commercial products could claim adherence.

ANSI published revised standards (ANSI/ISO SQL-92, or SQL2) that were
more stringent than SQL1 and incorporated many new features. These standards
introduced levels of compliance, or levels of conformance, that indicated the
extent to which a dialect met the standards.

MySQL AB released MySQL for internal use.

ANSI published SQL3 (ANSI/ISO SQL:1999). These standards incorporated
new features, including support for objects. Levels of compliance were dropped
and were replaced by a core specification that defined the essential elements for
compliance, plus nine packages. Each package is designed to serve a specific
market niche.

MySQL became an open-source database.

ANSI published SQL4 (ANSI/ISO SQL:2003). These standards introduced
XML-related features, standardized sequences, and identity columuns.

Sun Microsystems acquired MySQL.
Oracle acquired Sun Microsystems and MySQL.

o Although SQL is a standard language, each vendor has its own SQL dialect, or
variant, that may include extensions to the standards.

How knowing “standard SQL” helps you
e The most basic SQL statements are the same for all SQL dialects.

¢ Once you have learned one SQL dialect, you can easily learn other dialects.

How knowing “standard SQL’ does not help you

e Any non-trivial application will require modification when moved from one SQL
database to another.

Figure 1-8

A brief history of SQL
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A comparison of Oracle, DB2,
Microsoft SQL Server, and MySQL

Although this book is about MySQL, you may want to know about some of
the other SQL-based relational database management systems. Figure 1-9
compares MySQL with three other popular databases: Oracle, DB2, and
Microsoft (MS) SQL Server.

Oracle has a huge installed base of customers and continues to dominate the
marketplace, especially for servers running the Unix operating system. Oracle
works well for large systems and has a reputation for being extremely reliable.
However, it also has a reputation for being expensive and difficult to use.

DB2 was originally designed to run on IBM mainframe systems and
continues to be the premier database for those systems. It also dominates in
hybrid environments where IBM mainframes and newer servers must coexist.
Although it has a reputation for being expensive, it also has a reputation for
being reliable and easy to use.

SQL Server was designed by Microsoft to run on Windows and is widely
used for small- to medium-sized departmental systems. It has a reputation for
being inexpensive and easy to use. However, it also has a reputation for not
scaling well for systems with a large number of users.

MySQL runs on all major operating systems and is widely used for web
applications. MySQL is an open-source database, which means that any
developer can view and improve its source code. In addition, the MySQL
Community Server is free for most users, though Oracle also sells an Enterprise
Edition of MySQL that has advanced features.

One of the main differences between MySQL and SQL Server is that
MySQL runs under most operating systems including Unix, Windows, Mac OS,
and IBM’s z/OS. In contrast, SQL Server only runs under the Windows operat-
ing system. Since many developers consider z/OS and Unix to be more stable
and secure than Windows, most large companies use z/OS or Unix as the
operating system for the servers that store the databases for mission-critical
applications. As a result, they can’t use SQL Server and must use Oracle, DB2,
or MySQL.

If you search the Internet, you’ll find that dozens of other relational data-
base products are also available. These include proprietary databases like
Informix, Sybase, and Teradata. And they include open-source databases like
PostgreSQL.
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A comparison of Oracle, DB2, SQL Server, and MySQL
Oracle DB2 QL Server MySQ

Description
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