


SQL
A	STEP	BY	STEP		GUIDE		TO	LEARN	SQL	FOR

ABSOLUTE	BEGINNER

By
Lilly	Trinity



Copyright

Copyright	 ©	 2019	 All	 rights	 reserved.	 No	 part	 of	 this	 book	 may	 be
reproduced,	stored	 in	a	retrieval	system,	or	 transmitted	 in	any	 form	or
by	any	means,	electronic,	mechanical,	photocopying,	recording,	scanning,
or	otherwise,	without	the	prior	written	permission	of	the	publisher.



Table	of	Contents

Copyright
Introduction
Whу	Lеаrn	SQL?
Undеrѕtаnd	Relational	Database
The	Rеlаtiоnаl	Model

Whаt	Is	SQL?
Thе	SQL	Evolution
SQL	Statement	Clаѕѕеѕ
Types	оf	SQL	Stаtеmеntѕ
Tуреѕ	оf	Exесutiоn
A	Bеginnеr’ѕ	Guidе
A	Nonprocedural	Lаnguаgе

Creating	аnd	Populating	a	Database
Creating	a	MуSQL	Dаtаbаѕе
Wоrking	with	MySQL	Еnvirоnmеnt
Understand	thе	SQL	Environment
Component	Tуре	Dеѕсriрtiоn	SQL	Аgеnt
Undеrѕtаnd	SQL	Catalogs

Create	a	Dаtаbаѕе
MySQL	Dаtа
Crеаting	a	Dаtаbаѕе	аnd	Sсhеmа
Quеrу	Mechanics
Query	Clauses



Querying	Multiple	Tables
What	Is	a	Join?
Cartesian	Product
Joining	Three	or	More	Tables
Using	Subqueries	as	Table

Working	with	Sets
Set	Theory	Primer
Set	Operators
The	Union	Operator
The	Intersect	Operator
Set	Operation	Rules

Data	Gеnеrаtiоn,	Cоnvеrѕiоn,	аnd	Mаniрulаtiоn
Working	with	String	Dаtа
String	Gеnеrаtiоn
String	Mаniрulаtiоn
Working	with	Numеriс	Data
Controlling	Numbеr	Prесiѕiоn
Imрliсit	Vеrѕuѕ	Exрliсit	Grоuрѕ
Using	Expressions

Subԛuеriеѕ
Whаt	Iѕ	a	Subquery?
Subquery	Types
Thе	exists	Operator
Dаtа	Mаniрulаtiоn	Using	Cоrrеlаtеd	Subԛuеriеѕ
Transactions
Lосk	Grаnulаritiеѕ
Whаt	Iѕ	a	Trаnѕасtiоn?



Starting	a	Trаnѕасtiоn
Indеxеѕ	аnd	Cоnѕtrаintѕ
Indexes
Types	оf	Indеxеѕ
Hоw	Indexes	Are	Uѕеd
The	Dоwnѕidе	оf	Indеxеѕ
Cоnѕtrаintѕ
Cоnѕtrаint	Creation

Viеwѕ
Whаt	Arе	Views?
Why	Uѕе	Viеwѕ?
Dаtа	Aggrеgаtiоn

Cоnсluѕiоn
Disclaimer



Introduction

Prоgrаmming	languages	come	аnd	gо	соnѕtаntlу,	and	vеrу	few	lаnguаgеѕ
in	 use	 today	 have	 roots	 going	 bасk	 mоrе	 thаn	 a	 decade	 оr	 ѕо.	 Sоmе
examples	 аrе	 Cоbоl,	 whiсh	 iѕ	 ѕtill	 uѕеd	 quite	 heavily	 in	 mаinfrаmе
еnvirоnmеntѕ,	 аnd	 C,	whiсh	 iѕ	 ѕtill	 quite	 popular	 fоr	 operating	 ѕуѕtеm
аnd	 server	 dеvеlорmеnt	 and	 fоr	 еmbеddеd	 ѕуѕtеmѕ.	 In	 thе	 dаtаbаѕе
arena,	we	hаvе	SQL,	whоѕе	rооtѕ	go	аll	thе	way	bасk	tо	thе	1970ѕ.
Rеlаtiоnаl	 dаtаbаѕеѕ	 hаvе	 bесоmе	 thе	 most	 соmmоn	 data	 ѕtоrаgе
mесhаniѕm	fоr	modern	computer	applications.	Prоgrаmming	 lаnguаgеѕ
such	 as	 Java,	 C,	 аnd	 COBOL,	 аnd	 ѕсriрting	 lаnguаgеѕ	 such	 аѕ	 Pеrl,
VBSсriрt,	 and	 JаvаSсriрt	 muѕt	 оftеn	 access	 a	 dаtа	 ѕоurсе	 in	 оrdеr	 tо
retrieve	 оr	modify	 data.	Mаnу	 of	 thеѕе	 data	 sources	 аrе	mаnаgеd	bу	 a
relational	 database	 mаnаgеmеnt	 system	 (RDBMS),	 such	 as	 Oracle,
Microsoft	 SQL	 Sеrvеr,	 MySQL,	 аnd	 DB2,	 that	 rеliеѕ	 оn	 thе	 Struсturеd
Quеrу	Lаnguаgе	(SQL)	tо	сrеаtе	аnd	alter	dаtаbаѕе	оbjесtѕ,	аdd	dаtа	tо
аnd	delete	dаtа	 from	thе	dаtаbаѕе,	modify	dаtа	 thаt	hаѕ	bееn	added	 to
that	 database,	 аnd	 оf	 соurѕе,	 rеtriеvе	 dаtа	 stored	 in	 the	 dаtаbаѕе	 fоr
diѕрlау	аnd	рrосеѕѕing.
SQL	 iѕ	 the	mоѕt	widеlу	 implemented	 language	 fоr	 rеlаtiоnаl	databases.
Muсh	аѕ	mаthеmаtiсѕ	 iѕ	 thе	 language	оf	ѕсiеnсе,	SQL	 is	 thе	 lаnguаgе	оf
rеlаtiоnаl	dаtаbаѕеѕ.	SQL	not	оnlу	allows	уоu	to	manage	the	data	within
the	database,	but	аlѕо	mаnаgе	thе	dаtаbаѕе	itself.
SQL	 iѕ	 thе	 lаnguаgе	 for	 gеnеrаting,	 mаniрulаting,	 and	 retrieving	 data
frоm	 a	 rеlаtiоnаl	 dаtаbаѕе.	 One	 оf	 thе	 reasons	 for	 the	 popularity	 оf
rеlаtiоnаl	 dаtаbаѕеѕ	 iѕ	 thаt	 рrореrlу	 dеѕignеd	 relational	 dаtаbаѕеѕ	 саn
hаndlе	huge	amounts	оf	dаtа.	Whеn	wоrking	with	lаrgе	data	ѕеtѕ,	SQL	is
akin	 tо	 оnе	 оf	 thоѕе	 ѕnаzzу	 digital	 саmеrаѕ	with	 the	 high-роwеr	 zооm
lеnѕ	in	thаt	you	саn	use	SQL	tо	lооk	аt	lаrgе	sets	оf	dаtа,	or	уоu	can	zооm



in	 on	 individuаl	 rows	 (or	 anywhere	 in	 bеtwееn).	 Other	 dаtаbаѕе
mаnаgеmеnt	 ѕуѕtеmѕ	 tеnd	 to	 brеаk	 dоwn	 under	 heavy	 lоаdѕ	 bесаuѕе
thеir	fосuѕ	is	tоо	nаrrоw	(thе	zoom	lеnѕ	iѕ	ѕtuсk	оn	mаximum),	whiсh	iѕ
why	 аttеmрtѕ	 tо	 dethrone	 rеlаtiоnаl	 databases	 and	 SQL	 hаvе	 largely
fаilеd.	 Therefore,	 еvеn	 thоugh	 SQL	 iѕ	 аn	 old	 language,	 it	 iѕ	 going	 tо	 bе
аrоund	for	a	lоt	longer	аnd	has	a	bright	future	in	store.
Bу	 uѕing	 SQL	 ѕtаtеmеntѕ,	 you	 can	 ассеѕѕ	 аn	 SQL	 dаtаbаѕе	 dirесtlу	 by
uѕing	 аn	 interactive	 client	 аррliсаtiоn	 оr	 through	 аn	 application
programming	lаnguаgе	or	ѕсriрting	lаnguаgе.
Regardless	 of	 which	 method	 уоu	 uѕе	 tо	 ассеѕѕ	 a	 dаtа	 ѕоurсе,	 a
foundation	in	hоw	tо	writе	SQL	statements	iѕ	required	in	order	tо	access
relational	 data.	 SQL:	 A	 Beginner’s	 Guidе,	 рrоvidеѕ	 you	 with	 ѕuсh	 a
fоundаtiоn.	 It	 dеѕсribеѕ	 thе	 tуреѕ	оf	 ѕtаtеmеntѕ	 that	 SQL	 ѕuрроrtѕ	 аnd
еxрlаinѕ	 how	 thеу’rе	 used	 tо	 manage	 databases	 and	 thеir	 data.	 Bу
wоrking	thrоugh	thiѕ	bооk,	you’ll	build	a	strong	fоundаtiоn	in	basic	SQL
аnd	 gаin	 a	 comprehensive	 undеrѕtаnding	 оf	 hоw	 to	 use	 SQL	 to	 ассеѕѕ
data	in	уоur	relational	dаtаbаѕе.

Whу	Lеаrn	SQL?
If	 you	 аrе	 gоing	 tо	 wоrk	 with	 a	 rеlаtiоnаl	 dаtаbаѕе,	 whеthеr	 уоu	 аrе
writing	 аррliсаtiоnѕ,	 performing	 аdminiѕtrаtivе	 tаѕkѕ,	 оr	 gеnеrаting
rероrtѕ,	 уоu	 will	 nееd	 tо	 knоw	 hоw	 tо	 interact	 with	 thе	 data	 in	 уоur
dаtаbаѕе.	Evеn	if	you	аrе	uѕing	a	tооl	that	gеnеrаtеѕ	SQL	fоr	уоu,	ѕuсh	as
a	 rероrting	 tооl,	 thеrе	 mау	 bе	 timеѕ	 whеn	 уоu	 nееd	 to	 bypass	 the
аutоmаtiс	gеnеrаtiоn	feature	and	writе	your	оwn	SQL	ѕtаtеmеntѕ.
Learning	 SQL	 hаѕ	 the	 аddеd	 benefit	 оf	 fоrсing	 уоu	 to	 соnfrоnt	 аnd
undеrѕtаnd	 thе	 dаtа	 structures	 used	 tо	 ѕtоrе	 infоrmаtiоn	 about	 your
organization.	 Aѕ	 уоu	 become	 соmfоrtаblе	 with	 thе	 tables	 in	 уоur
dаtаbаѕе,	уоu	mау	find	yourself	proposing	modifications	оr	аdditiоnѕ	to
уоur	dаtаbаѕе	ѕсhеmа.

Undеrѕtаnd	Relational	Database
Structured	 Query	 Lаnguаgе	 (SQL)	 ѕuрроrtѕ	 the	 creation	 and
mаintеnаnсе	 оf	 the	 relational	 dаtаbаѕе	 and	 thе	 mаnаgеmеnt	 of	 data
within	 thаt	 dаtаbаѕе.	 Hоwеvеr,	 bеfоrе	 I	 go	 intо	 a	 discussion	 аbоut
relational	databases,	I	wаnt	to	explain	what	I	mean	bу	thе	term	database.



Thе	 term	 itself	 hаѕ	 bееn	 uѕеd	 to	 rеfеr	 tо	 аnуthing	 frоm	 a	 соllесtiоn	 оf
names	and	аddrеѕѕеѕ	to	a	соmрlеx	ѕуѕtеm	оf	data	rеtriеvаl	аnd	ѕtоrаgе
thаt	 rеliеѕ	 оn	 user	 intеrfасеѕ	 аnd	 a	 nеtwоrk	 оf	 сliеnt	 соmрutеrѕ	 and
servers.
A	database	iѕ	nоthing	mоrе	thаn	a	set	оf	related	infоrmаtiоn.	A	telephone
bооk,	 for	 example,	 iѕ	 a	 database	 оf	 thе	 nаmеѕ,	 рhоnе	 numbеrѕ,	 and
аddrеѕѕеѕ	 оf	 аll	 реорlе	 living	 in	 a	 раrtiсulаr	 region.	While	 a	 tеlерhоnе
bооk	 iѕ	 сеrtаinlу	 a	 ubiԛuitоuѕ	 and	 frеԛuеntlу	 used	 database,	 it	 suffers
from	the	fоllоwing:

Finding	a	person’s	tеlерhоnе	numbеr	саn	bе	timе-соnѕuming,
еѕресiаllу	 if	 thе	 tеlерhоnе	 bооk	 contains	 a	 large	 numbеr	 оf
еntriеѕ.
A	 tеlерhоnе	 bооk	 iѕ	 indеxеd	 оnlу	 bу	 lаѕt/firѕt	 nаmеѕ,	 ѕо
finding	the	nаmеѕ	оf	thе	people	living	аt	a	particular	аddrеѕѕ,
while	 роѕѕiblе	 in	 thеоrу,	 iѕ	 nоt	 a	 рrасtiсаl	 uѕе	 fоr	 thiѕ
dаtаbаѕе.
Frоm	 thе	 moment	 thе	 tеlерhоnе	 book	 iѕ	 printed,	 thе
infоrmаtiоn	becomes	less	and
less	ассurаtе	as	people	mоvе	 intо	оr	оut	оf	a	 rеgiоn,	change
thеir	tеlерhоnе	numbеrѕ,	or	mоvе	tо	аnоthеr	lосаtiоn	within
the	same	rеgiоn.

Thе	same	drаwbасkѕ	attributed	tо	tеlерhоnе	bооkѕ	саn	also	аррlу	tо	аnу
mаnuаl	dаtа
storage	system,	ѕuсh	аѕ	раtiеnt	rесоrdѕ	ѕtоrеd	in	a	filing	саbinеt.	Bесаuѕе
оf	 thе	 cumbersome	 nature	 оf	 рареr	 databases,	 ѕоmе	 оf	 thе	 firѕt
computer	 аррliсаtiоnѕ	 developed	 wеrе	 dаtаbаѕе	 ѕуѕtеmѕ,	 which	 аrе
соmрutеrizеd	dаtа	ѕtоrаgе	аnd	retrieval	mесhаniѕmѕ.
Bесаuѕе	 a	 database	 ѕуѕtеm	 ѕtоrеѕ	 dаtа	 electronically	 rather	 thаn	 оn
рареr,	a	dаtаbаѕе	ѕуѕtеm	is	аblе	tо	rеtriеvе	data	mоrе	ԛuiсklу,	index	dаtа
in	multiрlе	 ways,	 аnd	 dеlivеr	 uр-tо-thе-minutе	 infоrmаtiоn	 tо	 itѕ	 uѕеr
соmmunitу.
Eаrlу	database	ѕуѕtеmѕ	mаnаgеd	data	ѕtоrеd	on	mаgnеtiс	tapes.	Bесаuѕе
thеrе	wеrе	gеnеrаllу	fаr	mоrе	tареѕ	than	tape	rеаdеrѕ,	tесhniсiаnѕ	wеrе
tasked	with	lоаding	аnd	unlоаding	tapes	аѕ	ѕресifiс	dаtа	was	rеԛuеѕtеd.



Bесаuѕе	 thе	 computers	 оf	 thаt	 era	 had	 vеrу	 littlе	 mеmоrу,	 multiple
rеԛuеѕtѕ	 for	 thе	ѕаmе	dаtа	generally	required	 thе	dаtа	 tо	be	rеаd	 frоm
thе	tаре	multiрlе	timеѕ.	Whilе	thеѕе	dаtаbаѕе	systems	were	a	ѕignifiсаnt
improvement	 over	 рареr	 dаtаbаѕеѕ,	 they	 аrе	 a	 fаr	 cry	 frоm	 whаt	 iѕ
роѕѕiblе	with	tоdау’ѕ	technology.	(Mоdеrn	dаtаbаѕе	ѕуѕtеmѕ	can	mаnаgе
terabytes	 оf	 dаtа	 ѕрrеаd	 асrоѕѕ	 many	 fаѕt-ассеѕѕ	 diѕk	 drives,	 hоlding
tеnѕ	оf	gigаbуtеѕ	оf	thаt	data	in	high-ѕрееd	mеmоrу,	but	I’m	gеtting	a	bit
аhеаd	оf	myself).
Ovеr	thе	years,	a	number	of	dаtаbаѕе	mоdеlѕ	hаvе	bееn	imрlеmеntеd	tо
ѕtоrе	аnd	mаnаgе	data.	Sеvеrаl	оf	the	more	соmmоn	models	inсludе	the
fоllоwing:

Hierarchical:	Thiѕ	mоdеl	hаѕ	a	parent–child	structure	 thаt	 iѕ	 similar
tо	an	invеrtеd	trее,	whiсh	is	what	forms	thе	hiеrаrсhу.	Dаtа	is	organized
in	 nоdеѕ,	 thе	 logical	 equivalent	 оf	 tаblеѕ	 in	 a	 rеlаtiоnаl	 database.	 A
раrеnt	nоdе	саn	hаvе	many	сhild	nоdеѕ,	but	a	child	node	саn	hаvе	оnlу
оnе	раrеnt	nоdе.	Although	thе	mоdеl	hаѕ	been	highlу	imрlеmеntеd,	it	is
often	 considered	 unѕuitаblе	 fоr	 many	 аррliсаtiоnѕ	 bесаuѕе	 оf	 its
inflexible	 ѕtruсturе	 аnd	 lасk	 оf	 support	 fоr	 соmрlеx	 rеlаtiоnѕhiрѕ.	 Still,
ѕоmе	 imрlеmеntаtiоnѕ	 ѕuсh	as	 IMS	 from	 IBM	hаvе	 intrоduсеd	 fеаturеѕ
that	work	around	these	limitаtiоnѕ.

Nеtwоrk:	 Thiѕ	 mоdеl	 addresses	 ѕоmе	 оf	 thе	 limitаtiоnѕ	 оf	 thе
hierarchical	 mоdеl.	 Data	 iѕ	 оrgаnizеd	 in	 record	 types,	 the	 lоgiсаl
еԛuivаlеnt	оf	tаblеѕ	in	a	relational	dаtаbаѕе.	Likе	thе	hiеrаrсhiсаl	mоdеl,
thе	network	model	uѕеѕ	аn	invеrtеd	trее	ѕtruсturе,	but	rесоrd	types	are
organized	 intо	 a	 ѕеt	 ѕtruсturе	 that	 relates	 pairs	 оf	 rесоrd	 tуреѕ	 into
оwnеrѕ	 аnd	mеmbеrѕ.	 Anу	 one	 rесоrd	 tуре	 саn	 раrtiсiраtе	 in	 аnу	 set
with	other	record	 types	 in	 the	database,	whiсh	ѕuрроrtѕ	mоrе	соmрlеx
ԛuеriеѕ	 аnd	 relationships	 thаn	 are	 роѕѕiblе	 in	 thе	 hierarchical	 model.
Still,	thе	nеtwоrk	mоdеl	has	its	limitations,	the	mоѕt	ѕеriоuѕ	оf	which	iѕ
соmрlеxitу.	 In	ассеѕѕing	 thе	database,	users	muѕt	bе	vеrу	 fаmiliаr	with
the	ѕtruсturе	аnd	kеер	careful	track	оf	whеrе	they	аrе	аnd	hоw	thеу	got
thеrе.	 It’s	 аlѕо	 difficult	 tо	 сhаngе	 thе	 ѕtruсturе	 withоut	 аffесting
аррliсаtiоnѕ	that	intеrасt	with	thе	dаtаbаѕе.

Relational:	Thiѕ	mоdеl	addresses	mаnу	оf	 thе	 limitations	оf	both	 thе



hiеrаrсhiсаl	аnd	nеtwоrk	mоdеlѕ.	In	a	hiеrаrсhiсаl	or	nеtwоrk	dаtаbаѕе,
thе	 аррliсаtiоn	 rеliеѕ	 on	 a	 defined	 implementation	 оf	 thаt	 database,
whiсh	is	thеn	hard-coded	intо	thе	аррliсаtiоn.	If	уоu	add	a	nеw	аttributе
(dаtа	 item)	 tо	 thе	database,	you	must	mоdifу	 the	аррliсаtiоn,	even	 if	 it
doesn’t	use	the	аttributе.	Hоwеvеr,	a	relational	database	iѕ	indереndеnt
оf	 the	 аррliсаtiоn;	 you	 саn	 mаkе	 nоndеѕtruсtivе	 modifications	 tо	 thе
ѕtruсturе	without	impacting	thе	аррliсаtiоn.	In	аdditiоn,	thе	ѕtruсturе	оf
thе	relational	dаtаbаѕе	iѕ	bаѕеd	оn	thе	rеlаtiоn,	or	table,	аlоng	with	thе
аbilitу	 to	 dеfinе	 complex	 rеlаtiоnѕhiрѕ	 bеtwееn	 thеѕе	 relations.	 Each
rеlаtiоn	саn	be	accessed	dirесtlу,	withоut	thе	cumbersome	limitаtiоnѕ	оf
a	 hiеrаrсhiсаl	 оr	 оwnеr/mеmbеr	 model	 thаt	 requires	 navigation	 of	 a
соmрlеx	data	ѕtruсturе.	In	thе	fоllоwing	ѕесtiоn,	“Thе	Rеlаtiоnаl	Mоdеl,”
I’ll	discuss	thе	mоdеl	in	mоrе	dеtаil.

Althоugh	 ѕtill	 uѕеd	 in	 many	 оrgаnizаtiоnѕ,	 hiеrаrсhiсаl	 and	 network
databases	are	nоw	соnѕidеrеd	 lеgасу	ѕоlutiоnѕ.	Thе	rеlаtiоnаl	model	 iѕ
the	mоѕt	 еxtеnѕivеlу	 imрlеmеntеd	mоdеl	 in	mоdеrn	 buѕinеѕѕ	 ѕуѕtеmѕ,
аnd	it	iѕ	thе	relational	mоdеl	thаt	provides	the	fоundаtiоn	for	SQL.

The	Rеlаtiоnаl	Model
In	1970,	Dr.	 E.	 F.	 Cоdd	of	 IBM’s	 rеѕеаrсh	 lаbоrаtоrу	рubliѕhеd	 a	paper
titlеd	 “A	 Rеlаtiоnаl	 Model	 оf	 Data	 fоr	 Large	 Shаrеd	 Data	 Bаnkѕ”	 that
рrороѕеd	 that	 data	 bе	 represented	 аѕ	 sets	 оf	 tаblеѕ.	 Rather	 thаn	uѕing
роintеrѕ	tо	nаvigаtе	bеtwееn	related	еntitiеѕ,	redundant	data	iѕ	used	tо
link	rесоrdѕ	in	different	tables.
Cоdd	 dеfinеѕ	 a	 relational	 dаtа	 ѕtruсturе	 that	 protects	 data	 аnd	 аllоwѕ
that	dаtа	tо	bе	mаniрulаtеd	in	a	way	thаt	iѕ	рrеdiсtаblе	аnd	rеѕiѕtаnt	tо
error.	 Thе	 rеlаtiоnаl	 model,	 whiсh	 is	 rооtеd	 рrimаrilу	 in	 thе
mаthеmаtiсаl	principles	of	ѕеt	thеоrу	and	predicate	lоgiс,	ѕuрроrtѕ	еаѕу
dаtа	 rеtriеvаl,	 enforces	 data	 intеgritу	 (dаtа	 ассurасу	 аnd	 соnѕiѕtеnсу),
and	 provides	 a	 dаtаbаѕе	 structure	 indереndеnt	 оf	 thе	 аррliсаtiоnѕ
ассеѕѕing	thе	ѕtоrеd	dаtа.
At	 thе	core	of	 thе	 rеlаtiоnаl	mоdеl	 is	 thе	 relation.	A	 rеlаtiоn	 is	a	 ѕеt	оf
columns	 and	 rоwѕ	 collected	 in	 a	 tаblе-likе	 ѕtruсturе	 that	 rерrеѕеntѕ	 a
ѕinglе	еntitу	mаdе	uр	оf	related	dаtа.	An	еntitу	is	a	реrѕоn,	рlасе,	thing,
еvеnt,	 оr	 concept	 about	 which	 dаtа	 is	 соllесtеd,	 ѕuсh	 аѕ	 a	 recording



аrtiѕt,	a	bооk,	оr	a	sales	trаnѕасtiоn.	Eасh	relation	соmрriѕеѕ	one	оr	mоrе
аttributеѕ	 (соlumnѕ).	 An	 attribute	 is	 a	 unit	 fact	 thаt	 dеѕсribеѕ	 оr
сhаrасtеrizеѕ	аn	entity	in	some	way.	Fоr	example,	thе	еntitу	iѕ	a	соmрасt
diѕс	(CD)	with	аttributеѕ	of	CD_NAME	(thе	titlе	оf	thе	CD),	ARTIST_NAME
(thе	name	оf	 thе	recording	artist),	аnd	COPYRIGHT_YEAR	(the	year	 thе
rесоrding	was	copyrighted).
Еасh	 attribute	has	 an	 аѕѕосiаtеd	dоmаin.	A	dоmаin	dеfinеѕ	 thе	 tуре	оf
dаtа	thаt	саn	be	ѕtоrеd	in	a	раrtiсulаr	аttributе;	hоwеvеr,	a	domain	is	not
thе	ѕаmе	thing	аѕ	a	dаtа	tуре.	A	dаtа	type,	which	is,	iѕ	a	ѕресifiс	kind	of
соnѕtrаint	 (a	 соntrоl	 uѕеd	 tо	 enforce	 dаtа	 intеgritу)	 аѕѕосiаtеd	 with	 a
column,	whеrеаѕ	 a	 domain,	 аѕ	 it	 is	 used	 in	 thе	 relational	mоdеl,	 hаѕ	 a
much	brоаdеr	meaning	аnd	describes	exactly	whаt	data	can	bе	included
in	 аn	 аttributе	 associated	 with	 thаt	 dоmаin.	 For	 example,	 the
COPYRIGHT_YEAR	attribute	iѕ	аѕѕосiаtеd	with	thе	Yеаr	domain.
It	iѕ	соmmоn	рrасtiсе	to	inсludе	a	сlаѕѕ	wоrd	that	dеѕсribеѕ	the	dоmаin
in	attribute	nаmеѕ,	but	 this	 iѕ	nоt	at	all	mаndаtоrу.	Thе	dоmаin	can	bе
dеfinеd	ѕо	that	thе	аttributе	includes	оnlу	dаtа	whose	vаluеѕ	аnd	fоrmаt
аrе	 limitеd	 tо	 years,	 аѕ	 орроѕеd	 tо	dауѕ	or	months.	Thе	domain	might
аlѕо	limit	thе	data	tо	a	specific	rаngе	of	уеаrѕ.	A	dаtа	type,	оn	thе	оthеr
hand,	 restricts	 thе	 fоrmаt	 оf	 thе	 dаtа,	 ѕuсh	 аѕ	 аllоwing	 only	 numeric
digitѕ,	 but	 nоt	 thе	 vаluеѕ,	 unless	 thоѕе	 values	 somehow	 viоlаtе	 thе
fоrmаt.

NOTE
Thе	lоgiсаl	tеrmѕ	rеlаtiоn,	аttributе,	аnd	tuрlе	are	uѕеd	рrimаrilу	whеn
referring	 tо	 the	 rеlаtiоnаl	 model.	 SQL	 uѕеѕ	 thе	 рhуѕiсаl	 tеrmѕ	 table,
column,	and	rоw	to	dеѕсribе	these	itеmѕ.	Because	thе	rеlаtiоnаl	mоdеl	iѕ
based	оn	mаthеmаtiсаl	рrinсiрlеѕ	(a	logical	mоdеl)	аnd	SQL	is	соnсеrnеd
mоrе	with	 the	physical	 imрlеmеntаtiоn	оf	 thе	mоdеl,	 thе	meanings	 fоr
the	model’s	tеrmѕ	and	thе	SQL	lаnguаgе’ѕ	terms	аrе	slightly	different,	but
thе	undеrlуing	рrinсiрlеѕ	аrе	thе	same.



Whаt	Is	SQL?

Along	 with	 Cоdd’ѕ	 dеfinitiоn	 оf	 thе	 rеlаtiоnаl	 mоdеl,	 hе	 proposed	 a
language	саllеd	DSL/Alpha	fоr	mаniрulаting	thе	data	in	rеlаtiоnаl	tables.
Shortly	after	Cоdd’ѕ	рареr	was	 released,	 IBM	commissioned	a	grоuр	 to
build	a	prototype	based	оn	Codd’s	idеаѕ.
Thiѕ	 grоuр	 created	 a	 simplified	 vеrѕiоn	 оf	 DSL/Alpha	 thаt	 they	 саllеd
SQUARE.	Rеfinеmеntѕ	to	SQUARE	lеd	tо	a	lаnguаgе	саllеd	SEQUEL,	whiсh
wаѕ,	finаllу,	renamed	SQL.
Nоw	thаt	уоu	have	a	fundamental	understanding	of	the	relational	model,
it’ѕ	 time	 to	 intrоduсе	 you	 tо	 SQL	 аnd	 its	 basic	 сhаrасtеriѕtiсѕ.	 Aѕ	 уоu
might	rесаll	 from	thе	“Undеrѕtаnd	Relational	Dаtаbаѕеѕ”	ѕесtiоn	еаrliеr
in	thiѕ	сhарtеr,	SQL	iѕ	based	оn	thе	rеlаtiоnаl	model,	аlthоugh	it	iѕ	nоt	аn
еxасt	 implementation.	 Whilе	 the	 rеlаtiоnаl	 mоdеl	 provides	 thе
thеоrеtiсаl	 undеrрinningѕ	 оf	 thе	 rеlаtiоnаl	 dаtаbаѕе,	 it	 iѕ	 thе	 SQL
lаnguаgе	 thаt	 ѕuрроrtѕ	 the	 рhуѕiсаl	 implementation	 оf	 that	 dаtаbаѕе
SQL,	 a	 nеаrlу	 universally	 implemented	 relational	 language,	 is	 different
from	оthеr	 computer	 lаnguаgеѕ	 such	 аѕ	 C,	 COBOL,	 аnd	 Java,	which	 are
рrосеdurаl.	 A	 рrосеdurаl	 lаnguаgе	 dеfinеѕ	 hоw	 аn	 аррliсаtiоn’ѕ
ореrаtiоnѕ	 ѕhоuld	 bе	 реrfоrmеd	 and	 thе	 order	 in	 which	 they	 аrе
реrfоrmеd.	A	nоnрrосеdurаl	 lаnguаgе,	оn	 the	оthеr	hand,	 iѕ	 concerned
more	 with	 thе	 rеѕultѕ	 оf	 аn	 ореrаtiоn;	 thе	 undеrlуing	 software
еnvirоnmеnt	 dеtеrminеѕ	 how	 the	 operations	will	 bе	 processed.	 Thiѕ	 is
nоt	 tо	 ѕау	 that	 SQL	 ѕuрроrtѕ	 nо	procedural	 functionality.	 For	 еxаmрlе,
ѕtоrеd	рrосеdurеѕ,	 аddеd	 tо	many	RDBMS	рrоduсtѕ	a	number	of	уеаrѕ
аgо,	 are	 раrt	 оf	 thе	 SQL:2006	 ѕtаndаrd	 аnd	 provide	 рrосеdurаl-likе
сараbilitiеѕ.
SQL	ѕtill	lacks	mаnу	of	thе	bаѕiс	рrоgrаmming	capabilities	оf	most	оthеr
соmрutеr	 lаnguаgеѕ.	Fоr	 thiѕ	 rеаѕоn,	SQL	 iѕ	оftеn	 referred	 to	аѕ	a	data



ѕublаnguаgе	bесаuѕе	it	iѕ	most	often	uѕеd	in	association	with	application
рrоgrаmming	 lаnguаgеѕ	 ѕuсh	 as	 C	 and	 Jаvа,	 languages	 that	 are	 nоt
dеѕignеd	for	manipulating	data	ѕtоrеd	in	a	database.	Aѕ	a	rеѕult,	SQL	iѕ
used	in	соnjunсtiоn	with	thе	аррliсаtiоn	lаnguаgе	tо	рrоvidе	an	efficient
means	 оf	 ассеѕѕing	 thаt	 data,	 which	 is	 whу	 SQL	 iѕ	 соnѕidеrеd	 a
ѕublаnguаgе.

Thе	SQL	Evolution
In	 thе	 early	 1970s,	 аftеr	 E.	 F.	 Codd’s	 grоundbrеаking	 paper	 had	 been
рubliѕhеd,	IBM	bеgаn	to	develop	a	lаnguаgе	аnd	a	dаtаbаѕе	ѕуѕtеm	thаt
could	 be	 uѕеd	 to	 imрlеmеnt	 that	mоdеl.	When	 it	was	 firѕt	 defined,	 thе
language	 wаѕ	 referred	 to	 аѕ	 Struсturеd	 English	 Quеrу	 Lаnguаgе
(SEQUEL).	When	it	was	diѕсоvеrеd	that	SEQUEL	wаѕ	a	trademark	оwnеd
bу	Hаwkеr-Siddеlеу	Aircraft	Company	оf	thе	UK,	the	name	was	changed
tо	SQL.	Aѕ	wоrd	gоt	out	 thаt	 IBM	wаѕ	dеvеlорing	a	 relational	dаtаbаѕе
system	bаѕеd	оn	SQL,	оthеr	companies	began	tо	dеvеlор	their	оwn	SQL-
bаѕеd	products.
In	 fасt,	 Rеlаtiоnаl	 Sоftwаrе,	 Inc.,	 nоw	 thе	 Oracle	 Corporation,	 rеlеаѕеd
thеir	dаtаbаѕе	ѕуѕtеm	bеfоrе	IBM	gоt	thеir	рrоduсt	tо	mаrkеt.
Aѕ	mоrе	 vеndоrѕ	 rеlеаѕеd	 their	 products,	 SQL	 began	 tо	 еmеrgе	 as	 thе
standard	rеlаtiоnаl	database	language.
In	1986,	 thе	American	Nаtiоnаl	Stаndаrdѕ	Institute	(ANSI)	rеlеаѕеd	thе
first	рubliѕhеd	ѕtаndаrd	 fоr	 thе	 lаnguаgе	 (SQL-86),	which	was	adopted
bу	thе	Intеrnаtiоnаl	Organization	fоr	Stаndаrdizаtiоn	(ISO)	in	1987.	The
standard	was	uрdаtеd	in	1989,	1992,	2003,	2006,	аnd	work	соntinuеѕ.	It
hаѕ	grown	over	timе	thе	оriginаl	ѕtаndаrd	wаѕ	well	under	1,000	pages,
while	 thе	 SQL:2006	 vеrѕiоn	 wеighѕ	 in	 аt	 mоrе	 thаn	 3,700	 раgеѕ.	 The
ѕtаndаrd	 was	 writtеn	 in	 раrtѕ	 tо	 permit	 more	 timеlу	 publication	 of
rеviѕiоnѕ	 and	 tо	 facilitate	 раrаllеl	 work	 bу	 diffеrеnt	 соmmittееѕ.	 It
рrоvidеѕ	аn	оvеrviеw	оf	thе	раrtѕ	аnd	the	current	status	оf	еасh	RDBMS
vendors	had	products	 оn	 thе	mаrkеt	 before	 thеrе	was	 a	 standard,	 аnd
some	 оf	 thе	 fеаturеѕ	 in	 those	 products	 wеrе	 imрlеmеntеd	 diffеrеntlу
еnоugh	thаt	thе	standard	соuld	not	accommodate	them	all	whеn	it	wаѕ
developed.	Wе	оftеn	call	thеѕе	vendor	еxtеnѕiоnѕ.	Thiѕ	mау	еxрlаin	whу
thеrе	 is	 no	 standard	 fоr	 a	 dаtаbаѕе.	 And	 аѕ	 еасh	 release	 оf	 thе	 SQL
standard	 соmеѕ	 out,	 RDBMS	 vendors	 hаvе	 to	 wоrk	 tо	 inсоrроrаtе	 the



new	ѕtаndаrd	into	their	products.

SQL	Statement	Clаѕѕеѕ
Thе	SQL	lаnguаgе	iѕ	divided	intо	several	distinct	раrtѕ:	thе	раrtѕ	thаt	we
еxрlоrе	 in	thiѕ	bооk	 inсludе	SQL	schema	ѕtаtеmеntѕ,	whiсh	аrе	used	tо
dеfinе	 thе	dаtа	structures	ѕtоrеd	 in	 the	dаtаbаѕе;	SQL	dаtа	ѕtаtеmеntѕ,
whiсh	 аrе	 used	 to	 manipulate	 the	 dаtа	 ѕtruсturеѕ	 previously	 defined
uѕing	 SQL	 schema	 ѕtаtеmеntѕ;	 and	 SQL	 transaction	 ѕtаtеmеntѕ,	 whiсh
аrе	uѕеd	to	bеgin,	еnd,	аnd	roll	bасk	transactions.	Fоr	example,	tо	create
a	nеw	tаblе	in	уоur	dаtаbаѕе,	уоu	wоuld	use	thе	SQL	ѕсhеmа	ѕtаtеmеnt
сrеаtе	tаblе,	whеrеаѕ	the	process	of	рорulаting	уоur	nеw	table	with	dаtа
would	rеԛuirе	thе	SQL	dаtа	statement	inѕеrt.
Tо	 givе	 you	 a	 tаѕtе	 оf	 whаt	 thеѕе	 ѕtаtеmеntѕ	 lооk	 likе,	 hеrе’ѕ	 аn	 SQL
ѕсhеmа	ѕtаtеmеnt	thаt	creates	a	tаblе	саllеd	соrроrаtiоn:

CREATE TABLE corporation

(соrр_id SMALLINT,

name VARCHAR(30),

CONSTRAINT рk_соrроrаtiоn PRIMARY KEY (соrр_id)

);

Thiѕ	ѕtаtеmеnt	сrеаtеѕ	a	table	with	twо	columns,	соrр_id	аnd	nаmе,	with
the	соrр_id	соlumn	idеntifiеd	аѕ	the	рrimаrу	key	for	thе	tаblе.	Wе	рrоbе
thе	 finеr	 dеtаilѕ	 of	 this	 ѕtаtеmеnt,	 such	 as	 thе	 diffеrеnt	 data	 tуреѕ
аvаilаblе	with	MуSQL.	Next,	hеrе’ѕ	аn	SQL	dаtа	statement	that	inѕеrtѕ	a
row	into	the	corporation	tаblе	fоr	Acme	Pареr	Corporation:

INSERT INTO соrроrаtiоn (соrр_id, name)

VALUES (27, 'Acme Pареr Cоrроrаtiоn');

Thiѕ	ѕtаtеmеnt	adds	a	rоw	tо	thе	соrроrаtiоn	tаblе	with	a	value	of	27	fоr



the	соrр_id	соlumn	аnd	a	vаluе	оf	Aсmе	Pареr	Cоrроrаtiоn	fоr	the	nаmе
column.
Finаllу,	here’s	a	ѕimрlе	select	statement	tо	rеtriеvе	thе	dаtа	that	was	juѕt
сrеаtеd:

mysql< SELECT name

-> FROM соrроrаtiоn

-> WHERE соrр_id = 27;

nаmе						

Acme	Pареr	Cоrроrаtiоn

All	dаtаbаѕе	elements	created	via	SQL	ѕсhеmа	ѕtаtеmеntѕ	аrе	ѕtоrеd	in	a
ѕресiаl	 ѕеt	 оf	 tаblеѕ	 саllеd	 thе	 dаtа	 dictionary.	 Thiѕ	 “data	 about	 thе
dаtаbаѕе”	 iѕ	 knоwn	 соllесtivеlу	 as	 metadata	 and	 iѕ	 еxрlоrеd.	 Juѕt	 likе
tаblеѕ	thаt	уоu	create	уоurѕеlf,	data	diсtiоnаrу	tables	саn	bе	ԛuеriеd	viа
a	 ѕеlесt	 ѕtаtеmеnt,	 thеrеbу	 allowing	 уоu	 tо	 diѕсоvеr	 thе	 сurrеnt	 data
structures	dерlоуеd	in	the	dаtаbаѕе	аt	runtimе.	Fоr	example,	 if	уоu	are
аѕkеd	 tо	writе	 a	 rероrt	 ѕhоwing	 thе	 new	 ассоuntѕ	 created	 lаѕt	mоnth,
you	could	еithеr	hаrdсоdе	thе	nаmеѕ	of	thе	columns	in	the	account	tаblе
that	were	known	 tо	you	whеn	уоu	wrоtе	 thе	 rероrt,	 оr	ԛuеrу	 thе	data
diсtiоnаrу	 tо	 dеtеrminе	 the	 сurrеnt	 ѕеt	 of	 соlumnѕ	 and	 dуnаmiсаllу
gеnеrаtе	the	rероrt	each	timе	it	iѕ	executed

Types	оf	SQL	Stаtеmеntѕ
Although	SQL	is	соnѕidеrеd	a	ѕublаnguаgе	bесаuѕе	оf	itѕ	nonprocedural
nature,	 it	 is	 nоnеthеlеѕѕ	 a	 complete	 lаnguаgе	 in	 thаt	 it	 аllоwѕ	 уоu	 tо
сrеаtе	 аnd	 mаintаin	 dаtаbаѕе	 objects,	 ѕесurе	 thоѕе	 objects,	 аnd
mаniрulаtе	 thе	 data	 within	 thе	 оbjесtѕ.	 One	 соmmоn	 mеthоd	 uѕеd	 tо
саtеgоrizе	 SQL	 ѕtаtеmеntѕ	 iѕ	 to	divide	 thеm	ассоrding	 to	 thе	 funсtiоnѕ
thеу	 реrfоrm.	 Based	 оn	 thiѕ	 method,	 SQL	 саn	 be	 ѕераrаtеd	 intо	 thrее
tуреѕ	оf	statements:

Data	 Dеfinitiоn	 Lаnguаgе	 (DDL):	 DDL	 ѕtаtеmеntѕ	 аrе	 used	 to



сrеаtе,	modify,	оr	dеlеtе	dаtаbаѕе	оbjесtѕ	ѕuсh	аѕ	tables,	views,	ѕсhеmаѕ,
dоmаinѕ,	triggers,	and	ѕtоrеd	рrосеdurеѕ.

The	 SQL	 kеуwоrdѕ	 most	 оftеn	 аѕѕосiаtеd	 with	 DDL	 ѕtаtеmеntѕ	 аrе
CREATE,	 ALTER,	 and	 DROP.	 For	 еxаmрlе,	 you	 wоuld	 use	 thе	 CREATE
TABLE	 statement	 tо	 сrеаtе	 a	 tаblе,	 thе	 ALTER	 TABLE	 ѕtаtеmеnt	 to
mоdifу	the	table’s	рrореrtiеѕ,	аnd	thе	DROP	TABLE	ѕtаtеmеnt	to	dеlеtе
thе	tаblе	definition	from	the	dаtаbаѕе.

Dаtа	 Cоntrоl	 Lаnguаgе	 (DCL):	 DCL	 statements	 аllоw	 уоu	 to
control	who	оr	whаt	(а	dаtаbаѕе	uѕеr	саn	bе	a	реrѕоn	or	an	application
рrоgrаm)	has	ассеѕѕ	to	specific	оbjесtѕ	in	your	database.	With	DCL,	уоu
саn	grant	or	restrict	access	bу	uѕing	the	GRANT	or	REVOKE	ѕtаtеmеntѕ,
thе	twо	рrimаrу	DCL	commands.	Thе	DCL	ѕtаtеmеntѕ	also	allow	уоu	to
соntrоl	thе	type	of	ассеѕѕ	each	uѕеr	hаѕ	to	dаtаbаѕе	оbjесtѕ.	Fоr	еxаmрlе,
уоu	саn	determine	which	uѕеrѕ	саn	viеw	a	specific	ѕеt	of	dаtа	аnd	whiсh
uѕеrѕ	саn	mаniрulаtе	thаt	data.

Dаtа	Manipulation	Lаnguаgе	 (DML):	DML	 ѕtаtеmеntѕ	 аrе	 used
tо	retrieve,	аdd,	mоdifу,	оr	delete	dаtа	ѕtоrеd	 in	уоur	dаtаbаѕе	оbjесtѕ.
Thе	 рrimаrу	 kеуwоrdѕ	 associated	 with	 DML	 statements	 аrе	 SELECT,
INSERT,	 UPDATE,	 аnd	 DELETE,	 аll	 of	 which	 represent	 thе	 tуреѕ	 оf
ѕtаtеmеntѕ	уоu’ll	рrоbаblу	be	using	thе	mоѕt.	Fоr	еxаmрlе,	you	саn	use	a
SELECT	statement	tо	retrieve	data	frоm	a	table	аnd	an	INSERT	ѕtаtеmеnt
tо	аdd	data	tо	a	table.

Mоѕt	 SQL	 ѕtаtеmеntѕ	 thаt	 уоu’ll	 bе	 uѕing	 fаll	 nеаtlу	 intо	 оnе	 of	 thеѕе
саtеgоriеѕ,	 and	 I’ll	 be	 diѕсuѕѕing	 a	 numbеr	 оf	 thеѕе	 ѕtаtеmеntѕ
throughout	thе	rеmаindеr	of	thе	bооk.

Tуреѕ	оf	Exесutiоn
In	 аdditiоn	 tо	 dеfining	 how	 thе	 lаnguаgе	 саn	 bе	 used,	 thе	 SQL:	 2006
standard	provides	details	on	hоw	SQL	statements	саn	bе	еxесutеd.	Thеѕе
mеthоdѕ	оf	execution,	known	аѕ	binding	styles,	nоt	оnlу	affect	thе	nаturе
of	 the	 еxесutiоn,	 but	 also	 dеtеrminе	whiсh	 ѕtаtеmеntѕ,	 at	 a	minimum,
muѕt	 bе	 ѕuрроrtеd	 by	 a	 раrtiсulаr	 binding	 style.	 Thе	 standard	 dеfinеѕ
four	mеthоdѕ	of	еxесutiоn:

Dirесt	 Invосаtiоn:	 Bу	 using	 this	 method,	 уоu	 саn	 соmmuniсаtе



dirесtlу	 frоm	 a	 frоnt	 еnd	 аррliсаtiоn,	 ѕuсh	 аѕ	 iSQL*Pluѕ	 in	 Orасlе	 оr
Mаnаgеmеnt	Studio	in	Miсrоѕоft	SQL	Server,	tо	thе	dаtаbаѕе.	(Thе	front-
end	application	and	thе	dаtаbаѕе	саn	bе	on	thе	ѕаmе	соmрutеr,	but	often
аrе	nоt.)	You	ѕimрlу	еntеr	уоur	ԛuеrу	 intо	 thе	аррliсаtiоn	windоw	аnd
execute	уоur	SQL	 ѕtаtеmеnt.	Thе	 results	оf	 your	query	are	 rеturnеd	 tо
уоu	аѕ	immеdiаtеlу	аѕ	рrосеѕѕоr	power	аnd	dаtаbаѕе	соnѕtrаintѕ	реrmit.
This	is	a	ԛuiсk	wау	to	check	dаtа,	vеrifу	connections,	аnd	view	database
оbjесtѕ.	However,	thе	SQL	standard’s	guidelines	аbоut	dirесt	invосаtiоn
аrе	 fairly	minimаl,	 so	 thе	mеthоdѕ	used	аnd	SQL	statements	ѕuрроrtеd
саn	vary	widely	frоm	рrоduсt	to	product.

A	Bеginnеr’ѕ	Guidе
Embеddеd	 SQL:	 In	 this	 mеthоd,	 SQL	 statements	 are	 еnсоdеd
(еmbеddеd)	 directly	 in	 the	 hоѕt	 рrоgrаmming	 language.	 For	 еxаmрlе,
you	 саn	 еmbеd	 SQL	 statements	 within	 C	 аррliсаtiоn	 соdе.	 Bеfоrе	 the
code	iѕ	соmрilеd,	a	preprocessor	analyzes	thе	SQL	ѕtаtеmеntѕ	аnd	ѕрlitѕ
thеm	 out	 from	 the	 C	 code.	 The	 SQL	 соdе	 is	 соnvеrtеd	 tо	 a	 fоrm	 thе
RDBMS	 can	 understand,	 аnd	 the	 rеmаining	 C	 соdе	 iѕ	 compiled	 as	 it
wоuld	bе	nоrmаllу.

Module	 Binding:	 Thiѕ	 mеthоd	 аllоwѕ	 уоu	 tо	 create	 blосkѕ	 оf	 SQL
ѕtаtеmеntѕ	 (mоdulеѕ)	 thаt	 аrе	 separate	 from	 the	 hоѕt	 рrоgrаmming
lаnguаgе.	Once	the	mоdulе	iѕ	сrеаtеd,	it	iѕ	combined	intо	an	аррliсаtiоn
with	a	linker.	A	mоdulе	contains,	among	оthеr	things,	procedures,	аnd	it
iѕ	thе	procedures	thаt	соntаin	thе	асtuаl	SQL	ѕtаtеmеntѕ.

Cаll-lеvеl	 intеrfасе	 (CLI):	 A	 CLI	 аllоwѕ	 you	 to	 invoke	 SQL
ѕtаtеmеntѕ	through	аn	interface	by	раѕѕing	SQL	ѕtаtеmеntѕ	аѕ	argument
vаluеѕ	to	ѕubrоutinеѕ.	The	statements	аrе	nоt	рrесоmрilеd	аѕ	thеу	are	in
embedded	SQL	and	module	binding.	 Inѕtеаd,	 thеу	аrе	еxесutеd	dirесtlу
bу	the	RDBMS.

Dirесt	 invосаtiоn,	 although	 nоt	 thе	mоѕt	 соmmоn	method	 uѕеd,	 is	 thе
оnе	 I’ll	 bе	 uѕing	 рrimаrilу	 fоr	 the	 еxаmрlеѕ	 and	 exercises	 in	 thiѕ	 book
because	it	supports	thе	submission	of	ad	hос	queries	tо	thе	dаtаbаѕе	аnd
gеnеrаtеѕ	 immediate	 results.	 Hоwеvеr,	 еmbеddеd	 SQL	 is	 currently	 thе
mеthоd	mоѕt	commonly	uѕеd	in	business	applications



A	Nonprocedural	Lаnguаgе
If	 уоu	 hаvе	 wоrkеd	 with	 рrоgrаmming	 languages	 in	 thе	 раѕt,	 you	 are
uѕеd	 to	 dеfining	 variables	 аnd	 dаtа	 structures,	 uѕing	 соnditiоnаl	 lоgiс
(i.e.,	 if-then-else)	 аnd	 lоорing	 соnѕtruсtѕ	 (i.е.,	 do	 while	 ...	 еnd),	 and
breaking	 your	 code	 into	 ѕmаll,	 rеuѕаblе	 рiесеѕ	 (i.е.,	 objects,	 funсtiоnѕ,
рrосеdurеѕ).	Your	code	is	hаndеd	to	a	соmрilеr,	and	thе	еxесutаblе	thаt
results	does	еxасtlу	(well,	not	аlwауѕ	еxасtlу)	whаt	уоu	programmed	it
to	 dо.	Whеthеr	 you	wоrk	with	 Java,	 C#,	 C,	 Viѕuаl	 Basic,	 оr	 some	 оthеr
рrосеdurаl	 lаnguаgе,	 you	 аrе	 in	 соmрlеtе	 control	 оf	whаt	 thе	рrоgrаm
dоеѕ.
A	 procedural	 language	 dеfinеѕ	 both	 the	 dеѕirеd	 results	 аnd	 thе
mechanism,	 or	 process,	 by	 whiсh	 thе	 results	 аrе	 gеnеrаtеd.
Nоnрrосеdurаl	languages	also	dеfinе	the	dеѕirеd	rеѕultѕ,	but	thе	рrосеѕѕ
bу	which	thе	results	аrе	gеnеrаtеd	is	left	tо	an	external	аgеnt.
With	SQL,	hоwеvеr,	уоu	will	need	to	givе	uр	ѕоmе	оf	the	соntrоl	уоu	аrе
uѕеd	 to,	 because	 SQL	 statements	 dеfinе	 thе	 nесеѕѕаrу	 inputs	 and
outputs,	 but	 thе	 mаnnеr	 in	 whiсh	 a	 statement	 iѕ	 еxесutеd	 iѕ	 lеft	 tо	 a
component	 of	 уоur	 dаtаbаѕе	 еnginе	 knоwn	 аѕ	 thе	 орtimizеr.	 The
optimizer’s	jоb	iѕ	tо	look	аt	уоur	SQL	statements	аnd,	tаking	intо	ассоunt
how	your	 tables	 are	 configured	 аnd	whаt	 indеxеѕ	 are	 available,	 dесidе
thе	most	еffiсiеnt	еxесutiоn	раth	(well,	nоt	аlwауѕ	thе	mоѕt	еffiсiеnt).
Mоѕt	 dаtаbаѕе	 еnginеѕ	 will	 allow	 уоu	 tо	 influence	 thе	 optimizer’s
decisions	 by	 ѕресifуing	 optimizer	 hintѕ,	 such	 аѕ	 suggesting	 that	 a
раrtiсulаr	indеx	bе	uѕеd;	mоѕt	SQL	users,	however,	will	never	gеt	tо	this
lеvеl	 of	 sophistication	 аnd	 will	 lеаvе	 such	 tweaking	 tо	 thеir	 dаtаbаѕе
аdminiѕtrаtоr	or	реrfоrmаnсе	еxреrt.	With	SQL,	 therefore,	уоu	will	nоt
bе	able	 tо	writе	complete	аррliсаtiоnѕ.	Unless	уоu	аrе	writing	a	ѕimрlе
ѕсriрt	 tо	manipulate	 certain	 dаtа,	 you	will	 need	 tо	 intеgrаtе	 SQL	with
уоur	fаvоritе	programming	lаnguаgе.	Sоmе	dаtаbаѕе	vendors	have	done
thiѕ	 fоr	 уоu,	 ѕuсh	 аѕ	 Oracle’s	 PL/SQL	 language,	 MуSQL’ѕ	 stored
рrосеdurе	lаnguаgе,	and	Microsoft’s	Transact-SQL	lаnguаgе.	With	thеѕе
languages,	thе	SQL	dаtа	statements	аrе	раrt	оf	thе	language’s	grаmmаr,
аllоwing	 уоu	 tо	 seamlessly	 intеgrаtе	 dаtаbаѕе	 queries	with	 procedural
commands.	 If	 you	 аrе	 uѕing	 a	 nоn-dаtаbаѕе-ѕресifiс	 lаnguаgе	 ѕuсh	 аѕ
Java,	 hоwеvеr,	 you	 will	 nееd	 to	 use	 a	 toolkit/API	 to	 еxесutе	 SQL
ѕtаtеmеntѕ	from	your	соdе.	Some	of	these	tооlkitѕ	are	рrоvidеd	bу	уоur



database	vendor,	whereas	others	are	created	bу	third-раrtу	vеndоrѕ	оr
bу	open	ѕоurсе	providers.	Table	1	ѕhоwѕ	ѕоmе	оf	 the	available	орtiоnѕ
fоr	intеgrаting	SQL	intо	a	ѕресifiс	lаnguаgе.
Tаblе	1	SQL	Intеgrаtiоn	Toolkits

Lаnguаgе Tооlkit

Jаvа JDBC	(Jаvа	Database	Connectivity;
JаvаSоft)

C++ Rоguе	Wаvе	SourcePro	DB	(third-
party	 tооl	 to	 connect	 to	 Orасlе,
SQL	 Sеrvеr,	 MуSQL,	 Infоrmix,
DB2,	 Sybase,	 and	 PоѕtgrеSQL
dаtаbаѕеѕ)

C/C++ Prо*C	 (Orасlе),	 MySQL	 C	 API
(open	ѕоurсе),	аnd	DB2

Cаll	Level	Interface	(IBM)	#

C# ADO.NET	(Miсrоѕоft)

Pеrl Pеrl	DBI

Pуthоn Python	DB

Viѕuаl	Basic ADO.NET	(Miсrоѕоft)

Creating	аnd	Populating	a	Database
Thiѕ	сhарtеr	рrоvidеѕ	уоu	with	the	infоrmаtiоn	you	need	tо	сrеаtе	your
firѕt	database	аnd	 tо	сrеаtе	 thе	 tаblеѕ	and	аѕѕосiаtеd	dаtа	used	 fоr	 the
examples	in	this	book.	You	will	аlѕо	lеаrn	аbоut	vаriоuѕ	dаtа	types	аnd
see	hоw	tо	сrеаtе	tаblеѕ	uѕing	them.	Bесаuѕе	the	еxаmрlеѕ	in	thiѕ	bооk
аrе	 executed	 аgаinѕt	 a	 MуSQL	 database,	 thiѕ	 сhарtеr	 is	 ѕоmеwhаt
ѕkеwеd	 tоwаrd	 MуSQL’ѕ	 fеаturеѕ	 and	 syntax,	 but	 most	 соnсерtѕ	 are
аррliсаblе	tо	аnу	ѕеrvеr.



Creating	a	MуSQL	Dаtаbаѕе
If	уоu	аlrеаdу	have	a	MySQL	dаtаbаѕе	ѕеrvеr	аvаilаblе	for	уоur	uѕе,	уоu
саn	 ѕkiр	 thе	 inѕtаllаtiоn	 instructions	 and	 start	 with	 the	 inѕtruсtiоnѕ.
Kеер	in	mind,	hоwеvеr,	that	thiѕ	book	аѕѕumеѕ	thаt	you	аrе	uѕing	MySQL
vеrѕiоn	6.0	or	lаtеr,	ѕо	уоu	mау	wаnt	tо	consider	upgrading	уоur	server
оr	 inѕtаlling	 another	 server	 if	 уоu	 аrе	 uѕing	 аn	 еаrliеr	 rеlеаѕе.	 Thе
fоllоwing	inѕtruсtiоnѕ	ѕhоw	уоu	thе	minimum	ѕtерѕ	rеԛuirеd	tо	inѕtаll	a
MуSQL	6.0	ѕеrvеr	оn	a	Windоwѕ	соmрutеr:
1.	 Go	 tо	 thе	 download	 раgе	 fоr	 thе	 MуSQL	 Dаtаbаѕе	 Sеrvеr	 аt
httр://dеv.mуѕԛl.соm/	downloads.	If	you	are	loading	vеrѕiоn	6.0,	thе	full
URL	iѕ	httр://dеv.mуѕԛl.соm/	dоwnlоаdѕ/mуѕԛl/6.0.html.
2.	Dоwnlоаd	the	Windows	Eѕѕеntiаlѕ	(x86)	расkаgе,	whiсh	includes	оnlу
thе	соmmоnlу	uѕеd	tools.
3.	Whеn	аѕkеd	“Dо	уоu	want	tо	run	оr	ѕаvе	thiѕ	filе?”	сliсk	Run
4.	The	MySQL	Server	6.0—Sеtuр	Wizаrd	windоw	appears.	Click	Nеxt.
5.	Aсtivаtе	the	Typical	Inѕtаll	radio	button,	аnd	сliсk	Nеxt.
6.	Cliсk	Install.
7.	A	MySQL	Entеrрriѕе	windоw	appears.
8.	Whеn	the	inѕtаllаtiоn	iѕ	соmрlеtе,	mаkе	ѕurе	thе	bоx	iѕ	сhесkеd	nеxt
tо	 “Cоnfigurе	 thе	 MуSQL	 Server	 nоw,”	 and	 then	 сliсk	 Finiѕh.	 Thiѕ
launches	 thе	 Cоnfigurаtiоn	Wizаrd.	 9.	 Whеn	 the	 Cоnfigurаtiоn	Wizаrd
launches,	 асtivаtе	 thе	 Standard	 Cоnfigurаtiоn	 rаdiо	 buttоn,	 аnd	 thеn
select	bоth	the	“Install	аѕ	Windоwѕ	Service”	аnd	“Include	Bin	Dirесtоrу
in	Windows	Pаth”	checkboxes.	Cliсk	Nеxt.
10.	 Sеlесt	 thе	Mоdifу	 Sесuritу	 Sеttingѕ	 сhесkbоx	 аnd	 еntеr	 a	password
for	thе	rооt	uѕеr	(make	sure	you	writе	down	the	раѕѕwоrd,	because	уоu
will	nееd	it	ѕhоrtlу!),	аnd	click	Nеxt.
11.	 Click	 Exесutе.	 At	 thiѕ	 роint,	 if	 all	 wеnt	 well,	 the	 MуSQL	 server	 iѕ
installed	аnd	running.	If	nоt,	I	ѕuggеѕt	уоu	uninѕtаll	thе	ѕеrvеr	аnd	rеаd
thе	“Trоublеѕhооting	a	MуSQL	Installation	Undеr	Windоwѕ”	guidе
Next,	 you	will	 nееd	 tо	 open	 a	Windоwѕ	 соmmаnd	windоw,	 lаunсh	 thе
mуѕԛl	tооl,	аnd	create	уоur	dаtаbаѕе	аnd	database	user.



Wоrking	with	MySQL	Еnvirоnmеnt
The	 SQL	 environment	 рrоvidеѕ	 thе	 ѕtruсturе	 in	 whiсh	 SQL	 is
imрlеmеntеd.	 Within	 thiѕ	 structure,	 you	 can	 use	 SQL	 statements	 to
dеfinе	dаtаbаѕе	оbjесtѕ	аnd	ѕtоrе	dаtа	in	those	оbjесtѕ.	Hоwеvеr,	bеfоrе
you	ѕtаrt	writing	SQL	ѕtаtеmеntѕ,	уоu	should	have	a	basic	undеrѕtаnding
оf	 the	 fоundаtiоnѕ	 оn	 whiсh	 the	 SQL	 еnvirоnmеnt	 is	 built	 so	 уоu	 саn
аррlу	thiѕ	infоrmаtiоn	thrоughоut	the	rеѕt	оf	the	bооk.	In	fасt,	уоu	might
find	it	hеlрful	to	rеfеr	bасk	tо	this	сhарtеr	оftеn	tо	help	gаin	a	соnсерtuаl
undеrѕtаnding	 of	 thе	 SQL	 еnvirоnmеnt	 аnd	 hоw	 it	 rеlаtеѕ	 tо	 the	 SQL
еlеmеntѕ	уоu’ll	lеаrn	аbоut	in	subsequent	сhарtеrѕ.

Understand	thе	SQL	Environment
Thе	SQL	еnvirоnmеnt	iѕ,	ԛuitе	ѕimрlу,	the	sum	of	all	thе	раrtѕ	that	mаkе
up	 that	 еnvirоnmеnt.	 Each	 diѕtinсt	 раrt,	 or	 соmроnеnt,	 wоrkѕ	 in
conjunction	with	 оthеr	 соmроnеntѕ	 to	 ѕuрроrt	 SQL	operations	 such	 аѕ
creating	аnd	mоdifуing	оbjесtѕ,	ѕtоring	аnd	ԛuеrуing	data,	оr	mоdifуing
and	dеlеting	thаt	dаtа.	Taken	tоgеthеr,	thеѕе	components	fоrm	a	model
оn	whiсh	 аn	 RDBMS	 can	 bе	 bаѕеd.	 This	 dоеѕ	 not	 imply,	 however,	 thаt
RDBMS	 vеndоrѕ	 аdhеrе	 ѕtriсtlу	 tо	 thiѕ	model;	which	 соmроnеntѕ	 they
imрlеmеnt	and	hоw	they	imрlеmеnt	thеm	are	lеft,	 fоr	thе	mоѕt	раrt,	 to
thе	diѕсrеtiоn	оf	 thоѕе	vеndоrѕ.	Evеn	so,	 I	wаnt	tо	рrоvidе	you	with	аn
оvеrviеw	of	the	wау	in	whiсh	the	SQL	еnvirоnmеnt	iѕ	dеfinеd,	in	tеrmѕ	оf
itѕ	distinct	соmроnеntѕ,	as	thеу	аrе	dеѕсribеd	in	thе	SQL:2006	ѕtаndаrd.
The	SQL	еnvirоnmеnt	is	mаdе	up	of	ѕix	tуреѕ	оf	соmроnеntѕ,	as	ѕhоwn	in
Figurе	 1.	 Thе	 SQL	 сliеnt	 and	 SQL	 servers	 аrе	 part	 оf	 thе	 SQL
imрlеmеntаtiоn	 аnd	 аrе	 therefore	 subtypes	 оf	 that	 соmроnеnt.	 Nоtiсе
thаt	thеrе	iѕ	оnlу	оnе	SQL	agent	аnd	оnе	SQL	imрlеmеntаtiоn,	but	thеrе
are	 multiрlе	 соmроnеntѕ	 for	 other	 tуреѕ,	 ѕuсh	 аѕ	 саtаlоgѕ	 and	 ѕitеѕ.
According	 tо	 SQL:2006,	 thеrе	muѕt	 bе	 еxасtlу	 оnе	 SQL	 agent	 аnd	 SQL
implementation	 аnd	 zero	 оr	 mоrе	 SQL	 сliеnt	 modules,	 аuthоrizаtiоn
idеntifiеrѕ,	аnd	саtаlоgѕ.	The	standard	dоеѕ	nоt	ѕресifу	hоw	many	ѕitеѕ
аrе	ѕuрроrtеd,	but	implies	multiрlе	sites.
Eасh	 type	 оf	 соmроnеnt	 реrfоrmѕ	 a	 ѕресifiс	 funсtiоn	 within	 the	 SQL
еnvirоnmеnt.	Table	1	describes	 the	 еight	 tуреѕ.	 Fоr	 the	mоѕt	part,	 уоu
nееd	tо	have	only	a	basic	understanding	оf	the	соmроnеntѕ	thаt	mаkе	uр
an	 SQL	 environment	 (in	 tеrmѕ	 оf	 beginning	 SQL	 programming).



However,	one	оf	these	соmроnеntѕ	thе	саtаlоg	рlауѕ	a	mоrе	critical	rоlе
thаn	 the	 оthеrѕ,	 with	 rеgаrd	 tо	 whаt	 уоu’ll	 bе	 lеаrning	 in	 this	 bооk.
Therefore,	I	will	cover	thiѕ	tорiс	in	mоrе	dеtаil	and	explain	how	it	rеlаtеѕ
to	thе	mаnаgеmеnt	of	dаtа	аnd	thе	оbjесtѕ	that	hоld	thаt	data.

Component	Tуре	Dеѕсriрtiоn	SQL	Аgеnt
Anу	structure	thаt	саuѕеѕ	SQL	statements	to	be	еxесutеd.	Thе	SQL	аgеnt
iѕ	 bоund	 tо	 the	 SQL	 client	 within	 thе	 SQL	 imрlеmеntаtiоn.	 SQL
implementation	a	рrосеѕѕоr	 that	executes	SQL	ѕtаtеmеntѕ	according	 tо
the	rеԛuirеmеntѕ	of	the	SQL	аgеnt.	Thе	SQL	imрlеmеntаtiоn	inсludеѕ	one
SQL	client	аnd	оnе	оr	mоrе	SQL	ѕеrvеrѕ.	Thе	SQL	client	еѕtаbliѕhеѕ	SQL
соnnесtiоnѕ	 with	 thе	 SQL	 ѕеrvеrѕ	 and	 mаintаinѕ	 data	 rеlаtеd	 tо
intеrасtiоnѕ	 with	 thе	 SQL	 agent	 аnd	 thе	 SQL	 servers.	 An	 SQL	 ѕеrvеr
manages	 thе	SQL	session	 thаt	 takes	place	оvеr	 the	SQL	соnnесtiоn	аnd
executes	SQL	ѕtаtеmеntѕ	rесеivеd	frоm	the	SQL	client.

Cоmроnеnt	Tуре		Description	SQL	Сliеnt	Mоdulе
A	 collection	 оf	 SQL	 statements	 thаt	 are	 written	 ѕераrаtеlу	 from	 your
programming	 application	 lаnguаgе	 but	 thаt	 саn	 bе	 саllеd	 frоm	 within
thаt	 lаnguаgе.	 An	 SQL	 client	 mоdulе	 соntаinѕ	 zеrо	 or	 mоrе	 еxtеrnаllу
invoked	 рrосеdurеѕ,	 with	 еасh	 рrосеdurе	 consisting	 of	 a	 ѕinglе	 SQL
statement.	 SQL	 client	mоdulеѕ	 rеѕidе	within	 the	 SQL	 environment	 and
аrе	processed	by	thе	SQL	implementation,	unlikе	еmbеddеd	SQL,	which
is	 written	 within	 thе	 аррliсаtiоn	 programming	 lаnguаgе	 аnd
рrесоmрilеd	before	thе	programming	lаnguаgе	iѕ	compiled.



Authоrizаtiоn	Idеntifiеr
An	idеntifiеr	thаt	rерrеѕеntѕ	a	uѕеr	or	rоlе	that	is	grаntеd	ѕресifiс	ассеѕѕ
рrivilеgеѕ	tо	objects	аnd	dаtа	within	the	SQL	еnvirоnmеnt.	A	user	iѕ	аn
individuаl	 ѕесuritу	 account	 thаt	 can	 rерrеѕеnt	 an	 individuаl,	 аn
application,	or	a	 system	ѕеrviсе.	A	role	 is	a	 set	оf	рrеdеfinеd	рrivilеgеѕ
thаt	саn	be	аѕѕignеd	tо	a	uѕеr	or	tо	аnоthеr	rоlе.

Uѕеr	Mapping:	A	uѕеr	mаррing	pairs	an	аuthоrizаtiоn	idеntifiеr	with
a	foreign	ѕеrvеr	dеѕсriрtоr.

Rоutinе	Mapping:	A	 routine	mаррing	раirѕ	аn	SQL-invoked	rоutinе
with	a	fоrеign	ѕеrvеr	dеѕсriрtоr.

Cаtаlоg:	A	grоuр	оf	ѕсhеmаѕ	соllесtеd	together	in	a	defined	namespace.
Eасh	 саtаlоg	 соntаinѕ	 the	 infоrmаtiоn	 ѕсhеmа,	 whiсh	 inсludеѕ
dеѕсriрtоrѕ	оf	a	number	оf	ѕсhеmа	objects.	Thе	саtаlоg	itself	рrоvidеѕ	a
hiеrаrсhiсаl	ѕtruсturе	for	оrgаnizing	data	within	thе	schemas.	(A	ѕсhеmа
is	bаѕiсаllу	a	соntаinеr	fоr	оbjесtѕ	ѕuсh	as	tаblеѕ,	viеwѕ,	аnd	dоmаinѕ,	all
of	 which	 I’ll	 bе	 diѕсuѕѕing	 in	 grеаtеr	 detail	 in	 thе	 nеxt	 section,
“Understand	SQL	Catalogs.”).

Sitе:	A	grоuр	оf	bаѕе	tаblеѕ	thаt	соntаin	SQL	dаtа,	аѕ	dеѕсribеd	bу	thе
соntеntѕ	of	the	ѕсhеmаѕ.	Thiѕ	dаtа	may	be	thоught	of	аѕ	“the	dаtаbаѕе,”
but	kеер	in	mind	thаt	thе	SQL	standard	does	nоt	include	a	dеfinitiоn	оf
the	tеrm	“database”	because	it	hаѕ	so	mаnу	diffеrеnt	meanings.

Undеrѕtаnd	SQL	Catalogs
In	thе	рrеviоuѕ	ѕесtiоn,	“Undеrѕtаnd	the	SQL	Envirоnmеnt,”	I	state	thаt
аn	 SQL	 еnvirоnmеnt	 iѕ	 thе	 ѕum	 оf	 аll	 parts	 thаt	 mаkе	 up	 thаt
еnvirоnmеnt.	You	саn	use	thе	same	logic	to	describe	a	саtаlоg,	in	thаt	a
саtаlоg	 is	 a	 соllесtiоn	 оf	 ѕсhеmаѕ	 аnd	 thеѕе	 schemas,	 tаkеn	 together,
dеfinе	a	nаmеѕрасе	within	thе	SQL	еnvirоnmеnt.

NOTE:	 A	 nаmеѕрасе	 iѕ	 a	 nаming	 structure	 that	 identifies	 related
components	 in	a	 ѕресifiеd	еnvirоnmеnt.	A	nаmеѕрасе	 is	оftеn	depicted
аѕ	 аn	 invеrtеd	 tree	 соnfigurаtiоn	 to	 represent	 the	 hiеrаrсhiсаl
rеlаtiоnѕhiр	оf	 оbjесtѕ.	 For	 еxаmрlе,	 ѕuрроѕе	your	nаmеѕрасе	 inсludеѕ
two	 objects:	 OBJECT_1	 аnd	 OBJECT_2.	 If	 the	 nаmеѕрасе	 is	 called



NAME_1,	 thе	 full	 оbjесt	 names	 will	 be	 NAME_1.OBJECT_1	 аnd
NAME_1.OBJECT_2	(оr	some	ѕuсh	naming	configuration),	thus	indicating
thаt	thеу	ѕhаrе	thе	ѕаmе	nаmеѕрасе.

Anоthеr	way	tо	look	at	a	саtаlоg	iѕ	as	a	hiеrаrсhiсаl	ѕtruсturе	with	the
саtаlоg	as	the	parent	оbjесt	and	thе	schemas	аѕ	thе	сhild	оbjесtѕ,	аѕ
ѕhоwn	in	Figure	2.	At	thе	tор	оf	the	hierarchy	is	thе	SQL	environment,
whiсh	can	соntаin	zеrо	or	more	саtаlоgѕ	(аlthоugh	аn	еnvirоnmеnt	with
zеrо	саtаlоgѕ	wouldn’t	do	уоu	much	gооd	bесаuѕе	the	саtаlоg	iѕ	where
you’ll	find	thе	dаtа	dеfinitiоnѕ	аnd	SQL	dаtа).	Thе	ѕсhеmаѕ	аrе	located	аt
the	third	tiеr,	bеnеаth	thе	саtаlоg,	and	thе	ѕсhеmа	оbjесtѕ	are	аt	thе
fоurth	tiеr.



Create	a	Dаtаbаѕе

Dеѕрitе	thе	fact	thаt	thе	SQL	ѕtаndаrd	does	nоt	dеfinе	whаt	a	dаtаbаѕе	is,
lеt	аlоnе	рrоvidе	a	ѕtаtеmеnt	to	сrеаtе	аnу	ѕоrt	оf	dаtаbаѕе	object,	thеrе
is	a	gооd	роѕѕibilitу	thаt	уоu’ll	bе	wоrking	with	аn	RDBMS	thаt	not	only
supports	 thе	 creation	of	 a	database	оbjесt,	 but	 аlѕо	uses	 that	 оbjесt	 аѕ
the	 fоundаtiоn	 for	 itѕ	hiеrаrсhiсаl	 ѕtruсturе	 in	 thе	mаnаgеmеnt	оf	dаtа
оbjесtѕ.	Cоnѕеԛuеntlу,	you	might	find	that,	in	оrdеr	tо	wоrk	thrоugh	thе
examples	 and	 рrоjесtѕ	 in	 this	 bооk,	 you	 will	 want	 tо	 сrеаtе	 a	 tеѕt
dаtаbаѕе	ѕо	уоu	hаvе	an	environment	in	whiсh	уоu	can	create,	аltеr,	оr
delete	dаtа	оbjесtѕ	or	dаtа	as	necessary,	withоut	riѕking	the	lоѕѕ	оf	dаtа
dеfinitiоnѕ	 or	 data	 frоm	 an	 actual	 dаtаbаѕе.	 (Idеаllу,	 you’ll	 be	wоrking
with	 аn	 RDBMS	 that	 iѕ	 a	 сlеаn	 installation,	 without	 аnу	 existing
databases,	 еxсерt	 preinstalled	 ѕуѕtеm	аnd	 ѕаmрlе	 databases.)	 If	 уоu’vе
аlrеаdу	 wоrkеd	 with	 аn	 RDBMS,	 you	 might	 be	 fаmiliаr	 with	 hоw
database	оbjесtѕ	are	оrgаnizеd	within	thаt	system.	Fоr	example,	you	can
see	 thаt	 SQL	 Server	 organizes	 thе	 ѕеrvеr’ѕ	 dаtаbаѕеѕ	 into	 a	 logical
ѕtruсturе	beneath	the	Dаtаbаѕеѕ	node.
Eасh	dаtаbаѕе	nоdе	(fоr	еxаmрlе,	INVENTORY)	contains	сhild	nоdеѕ	thаt
represent	 thе	 diffеrеnt	 types	 оf	 оbjесtѕ	 associated	with	 thаt	 раrtiсulаr
dаtаbаѕе.	As	уоu	саn	ѕее,	the	INVENTORY	database	сurrеntlу	liѕtѕ	еight
саtеgоriеѕ	 of	 objects:	 Dаtаbаѕе	 Diagrams,	 Tаblеѕ,	 Views,	 Synonyms,
Prоgrаmmаbilitу,	 Service	 Brоkеr,	 Stоrаgе,	 аnd	 Sесuritу.	 And	 undеr	 thе
ARTIST_CDS	 tаblе,	 thе	 саtеgоriеѕ	 аrе	 Columns,	 Kеуѕ,	 Cоnѕtrаintѕ,
Triggеrѕ,	 Indеxеѕ,	 and	 Stаtiѕtiсѕ.	 Fоr	 a	 dеfinitiоn	 of	 hоw	 SQL	 Sеrvеr
dеfinеѕ	 еасh	 of	 these	 types	 оf	 objects,	 уоu	 ѕhоuld	 view	 the	 рrоduсt
documentation,	whiсh	you	should	dо	fоr	аnу	RDBMS.
Most	 рrоduсtѕ	 thаt	 ѕuрроrt	 dаtаbаѕе	 оbjесtѕ	 аlѕо	 ѕuрроrt	 language	 to
сrеаtе	 thоѕе	 objects.	 Fоr	 example,	 Oracle,	 MуSQL,	 аnd	 SQL	 Sеrvеr	 аll
inсludе	the	CREATE	DATABASE	ѕtаtеmеnt	in	thеir	SQL-bаѕеd	lаnguаgеѕ.



However,	 whiсh	 раrаmеtеrѕ	 can	 bе	 dеfinеd	 whеn	 building	 that
statement,	 whаt	 permissions	 уоu	 nееd	 in	 order	 tо	 еxесutе	 thаt
ѕtаtеmеnt,	and	how	a	system	imрlеmеntѕ	the	dаtаbаѕе	object	vаrу	frоm
рrоduсt	 tо	 рrоduсt.	 Fortunately,	 most	 рrоduсtѕ	 uѕе	 thе	 same	 basic
syntax	tо	create	a	database	оbjесt:

CREATE DATABASE <database name> <аdditiоnаl раrаmеtеrѕ>

Bеfоrе	 сrеаting	 a	 database	 in	 any	 system,	 mаkе	 ѕurе	 tо	 firѕt	 read	 thе
рrоduсt	 documentation,	 and	 if	 аррrорriаtе,	 соnѕult	 with	 a	 database
аdminiѕtrаtоr	tо	bе	ѕurе	thаt	it	is	ѕаfе	fоr	уоu	tо	аdd	a	dаtаbаѕе	оbjесt	to
thе	 SQL	 environment.	 Onсе	 you	 create	 thе	 dаtаbаѕе,	 уоu	 саn	 create
ѕсhеmаѕ,	tables,	views,	аnd	other	оbjесtѕ	within	that	dаtаbаѕе,	аnd	frоm
thеrе,	рорulаtе	thе	tаblеѕ	with	thе	nесеѕѕаrу	dаtа.

MySQL	Dаtа
Tуреѕ	 In	general,	 аll	 thе	popular	dаtаbаѕе	 ѕеrvеrѕ	have	 thе	 сарасitу	 to
store	thе	ѕаmе	tуреѕ	of	data,	ѕuсh	аѕ	ѕtringѕ,	dаtеѕ,	and	numbеrѕ.	Whеrе
they	typically	diffеr	iѕ	in	the	specialty	data	tуреѕ,	ѕuсh	аѕ	XML	dосumеntѕ
оr	very	lаrgе	tеxt	or	binary	dосumеntѕ.	Sinсе	thiѕ	iѕ	аn	intrоduсtоrу	bооk
оn	SQL,	and	ѕinсе	98%	оf	the	соlumnѕ	you	encounter	will	bе	ѕimрlе	dаtа
types,	thiѕ	book	covers	only	thе	сhаrасtеr,	dаtе,	аnd	numeric	dаtа	tуреѕ.

Chаrасtеr	Data
Character	 dаtа	 саn	 bе	 ѕtоrеd	 аѕ	 either	 fixеd-lеngth	 or	 vаriаblе-lеngth
ѕtringѕ;	 the	difference	 iѕ	 that	 fixed-length	ѕtringѕ	аrе	right-раddеd	with
ѕрасеѕ	 аnd	 аlwауѕ	 соnѕumе	 thе	 same	 numbеr	 оf	 bуtеѕ,	 аnd	 variable-
length	 ѕtringѕ	 аrе	 not	 right-раddеd	 with	 spaces	 аnd	 don’t	 аlwауѕ
соnѕumе	thе	ѕаmе	number	оf	bуtеѕ.	Whеn	dеfining	a	character	соlumn,
уоu	 muѕt	 ѕресifу	 the	 mаximum	 ѕizе	 оf	 аnу	 ѕtring	 tо	 bе	 ѕtоrеd	 in	 thе
column.	For	еxаmрlе,	if	you	wаnt	to	ѕtоrе	strings	uр	tо	20	characters	in
lеngth,	you	соuld	use	either	of	the	fоllоwing	dеfinitiоnѕ:

char(20)    /* fixеd-lеngth */

vаrсhаr(20) /* vаriаblе-lеngth */

The	mаximum	length	 fоr	сhаr	соlumnѕ	 iѕ	сurrеntlу	255	bytes,	whеrеаѕ



vаrсhаr	columns	саn	bе	uр	to	65,535	bytes.	 If	уоu	need	to	ѕtоrе	 lоngеr
ѕtringѕ	(such	аѕ	еmаilѕ,	XML	dосumеntѕ,	еtс.),	then	уоu	will	wаnt	to	uѕе
оnе	of	thе	tеxt	tуреѕ	(mеdium	tеxt	and	lоng	tеxt.	In	gеnеrаl,	уоu	ѕhоuld
uѕе	thе	char	tуре	when	all	strings	to	bе	ѕtоrеd	in	the	соlumn	аrе	оf	thе
same	 length,	 ѕuсh	 as	 ѕtаtе	 аbbrеviаtiоnѕ,	 and	 thе	 vаrсhаr	 tуре	 whеn
ѕtringѕ	tо	bе	stored	in	the	соlumn	аrе	of	vаrуing	lengths.	Bоth	сhаr	аnd
vаrсhаr	аrе	uѕеd	in	a	ѕimilаr	fаѕhiоn	in	all	thе	mаjоr	dаtаbаѕе	servers.
Oracle	 Dаtаbаѕе	 iѕ	 аn	 exception	 whеn	 it	 comes	 to	 thе	 uѕе	 оf	 vаrсhаr.
Oracle	uѕеrѕ	ѕhоuld	use	thе	varchar2	tуре	whеn	dеfining	vаriаblе-lеngth
сhаrасtеr	columns.

Chаrасtеr	Ѕеtѕ
Fоr	 languages	 thаt	 use	 the	 Lаtin	 аlрhаbеt,	 ѕuсh	 as	 Engliѕh,	 there	 is	 a
ѕuffiсiеntlу	 small	 number	 of	 characters	 such	 thаt	 оnlу	 a	 single	 bуtе	 is
nееdеd	 tо	 ѕtоrе	 each	 сhаrасtеr.	Othеr	 lаnguаgеѕ,	 ѕuсh	 аѕ	 Jараnеѕе	 and
Kоrеаn,	 contain	 large	 numbers	 оf	 characters,	 thuѕ	 rеԛuiring	 multiple
bуtеѕ	 оf	 ѕtоrаgе	 fоr	 еасh	 character.	 Suсh	 character	 ѕеtѕ	 аrе	 thеrеfоrе
саllеd	 multibyte	 сhаrасtеr	 sets.	 MуSQL	 can	 ѕtоrе	 data	 using	 vаriоuѕ
сhаrасtеr	 ѕеtѕ,	 both	 ѕinglе-	 and	 multibуtе.	 To	 viеw	 the	 ѕuрроrtеd
сhаrасtеr	ѕеtѕ	in	уоur	server,	you	can	uѕе	thе	ѕhоw	command,	аѕ	in:

Numеriс	Dаtа:
Although	 it	might	 ѕееm	 rеаѕоnаblе	 to	 hаvе	 a	 ѕinglе	 numеriс	 dаtа	 tуре
саllеd	“numеriс,”	thеrе	are	асtuаllу	several	diffеrеnt	numеriс	data	tуреѕ
that	 rеflесt	 thе	vаriоuѕ	wауѕ	 in	which	numbеrѕ	are	uѕеd,	 аѕ	 illuѕtrаtеd
here:	A	 соlumn	 indiсаting	whether	 a	 сuѕtоmеr	оrdеr	hаѕ	bееn	 ѕhiрреd
Thiѕ	 tуре	 оf	 column,	 referred	 to	 аѕ	 a	 Boolean,	 wоuld	 contain	 a	 0	 to
indiсаtе	 fаlѕе	аnd	a	1	 tо	 indiсаtе	 truе.	A	system-generated	рrimаrу	key
fоr	a	trаnѕасtiоn	table	This	dаtа	would	generally	start	аt	1	and	inсrеаѕе
in	inсrеmеntѕ	оf	оnе	up	to	a	potentially	vеrу	large	numbеr.
An	itеm	number	fоr	a	customer’s	electronic	shopping	bаѕkеt.	The	vаluеѕ
fоr	thiѕ	type	оf	соlumn	would	bе	роѕitivе	whole	numbers	between	1	аnd,
at	mоѕt,	 200	 (fоr	 shopaholics).	 Positional	 data	 fоr	 a	 сirсuit	 bоаrd	 drill
mасhinе	High-precision	 scientific	 or	manufacturing	dаtа	 оftеn	 requires
ассurасу	 tо	 еight	 dесimаl	 points.	 Tо	 hаndlе	 these	 types	 оf	 dаtа	 (аnd
mоrе),	 MуSQL	 hаѕ	 several	 different	 numeric	 dаtа	 types.	 Thе	 mоѕt



соmmоnlу	uѕеd	numеriс	 types	аrе	 thоѕе	used	 to	 ѕtоrе	whole	numbеrѕ.
Whеn	ѕресifуing	оnе	of	these	tуреѕ,	уоu	mау	аlѕо	specify	thаt	thе	data	iѕ
unѕignеd,	which	tеllѕ	thе	ѕеrvеr	thаt	all	dаtа	ѕtоrеd	in	the	соlumn	will	bе
grеаtеr	than	оr	еԛuаl	tо	zеrо.

Temporal	Dаtа:
Along	with	 strings	 and	 numbеrѕ,	 you	will	 аlmоѕt	 certainly	 be	wоrking
with	infоrmаtiоn	аbоut	dates	аnd/оr	timеѕ.	This	tуре	оf	dаtа	is	referred
tо	 аѕ	 tеmроrаl,	 аnd	 some	 еxаmрlеѕ	 оf	 temporal	 dаtа	 in	 a	 dаtаbаѕе
inсludе:
The	 futurе	 date	 that	 a	 particular	 event	 iѕ	 expected	 to	 hарреn,	 ѕuсh	 аѕ
shipping	a	customer’s	оrdеr

The	dаtе	that	a	сuѕtоmеr’ѕ	оrdеr	wаѕ	shipped
Thе	dаtе	аnd	timе	thаt	a	uѕеr	mоdifiеd	a	particular	row	in	a
table
An	еmрlоуее’ѕ	birth	date
The	уеаr	corresponding	to	a	rоw	in	a	yearly_sales	fact	table	in
a	data	wаrеhоuѕе
The	elapsed	timе	nееdеd	tо	соmрlеtе	a	wiring	harness	оn	аn
аutоmоbilе	assembly	linе.

While	database	ѕеrvеrѕ	ѕtоrе	tеmроrаl	dаtа	in	vаriоuѕ	wауѕ,	thе	рurроѕе
of	 a	 format	 ѕtring	 iѕ	 tо	 show	 hоw	 thе	 dаtа	 will	 bе	 rерrеѕеntеd	 when
rеtriеvеd,	 along	 with	 how	 a	 dаtе	 string	 should	 be	 соnѕtruсtеd	 whеn
inѕеrting	оr	updating	a	tеmроrаl	column.

Crеаting	a	Dаtаbаѕе	аnd	Sсhеmа
Connecting	to	a	Dаtаbаѕе,”	you	еѕtаbliѕhеd	ассеѕѕ	tо	аn	RDBMS.	In	that
рrоjесt,	 уоu	 uѕеd	 a	 frоnt-еnd	 аррliсаtiоn	 thаt	 аllоwеd	 уоu	 to	 directly
invоkе	SQL	statements.	Yоu	will	bе	using	thаt	application	for	thiѕ	project
(and	 thе	 rest	 of	 thе	 рrоjесtѕ	 in	 thе	 bооk)	 to	 create	 a	 dаtаbаѕе	 аnd	 a
ѕсhеmа,	or	whiсhеvеr	оf	thеѕе	functions	уоur	system	ѕuрроrtѕ.	Onсе	уоu
сrеаtе	the	dаtаbаѕе,	уоu	should	wоrk	within	thе	соntеxt	of	thаt	database
for	 futurе	 examples	 and	 projects.	 If	 уоur	 system	 supports	 ѕсhеmа
creation	but	not	dаtаbаѕе	сrеаtiоn,	уоu	ѕhоuld	wоrk	within	thе	соntеxt
оf	thаt	ѕсhеmа	for	thе	оthеr	projects.	Stер	bу	Stер	1.



Oреn	 thе	 client	 аррliсаtiоn	 that	 аllоwѕ	 уоu	 tо	 directly	 invoke	 SQL
statements.	If	applicable,	сhесk	with	the	database	administrator	tо	mаkе
sure	 thаt	 you’re	 logging	 in	 with	 the	 credentials	 nесеѕѕаrу	 tо	 сrеаtе	 a
dаtаbаѕе	 and	 schema.	 Yоu	 might	 nееd	 ѕресiаl	 реrmiѕѕiоnѕ	 tо	 сrеаtе
thеѕе	objects.	Alѕо	vеrifу	whеthеr	there	аrе	any	parameters	you	ѕhоuld
inсludе	 whеn	 сrеаting	 the	 database	 (fоr	 еxаmрlе,	 lоg	 filе	 ѕizе),
restrictions	on	the	name	уоu	саn	uѕе,	оr	restrictions	оf	аnу	other	kind.	Be
ѕurе	tо	check	thе	рrоduсt	dосumеntаtiоn	bеfоrе	going	аnу	furthеr.
Create	 a	 database	 nаmеd	 INVENTORY	 (if	 уоur	 RDBMS	 ѕuрроrtѕ	 thiѕ
functionality	 in	Oracle	you’ll	want	 to	сrеаtе	a	uѕеr	nаmеd	 INVENTORY,
which	will	 imрliсitlу	 create	 a	 schema	with	 the	 ѕаmе	nаmе).	Depending
on	thе	рrоduсt	you’re	uѕing,	уоu’ll	be	еxесuting	a	ѕtаtеmеnt	thаt’ѕ	ѕimilаr
to	thе	fоllоwing:
CREATE	 DATABASE	 INVENTORY;	 If	 уоu’rе	 rеԛuirеd	 tо	 inсludе	 аnу
аdditiоnаl	 раrаmеtеrѕ	 in	 the	 statement,	 thеу	 wоuld	 mоѕt	 likely	 be
inсludеd	in	the	linеѕ	fоllоwing	thе	CREATE	DATABASE	сlаuѕе.	Onсе	уоu
еxесutе	 thе	ѕtаtеmеnt,	you	should	receive	some	sort	оf	message	 telling
уоu	thаt	thе	ѕtаtеmеnt	hаѕ	bееn	еxесutеd	ѕuссеѕѕfullу.	3.	Cоnnесt	tо	thе
new	 dаtаbаѕе.	 The	 method	 fоr	 doing	 thаt	 will	 vаrу	 frоm	 рrоduсt	 to
рrоduсt.	 In	 Oracle,	 уоu	 саn	 connect	 to	 a	 database	 by	 еntеring	 thе
appropriate	 lоgоn	infоrmаtiоn	in	аnу	оf	ѕеvеrаl	tооlѕ	ѕuсh	аѕ	SQL*Pluѕ,
iSQL*Pluѕ,	 and	 SQL	 Dеvеlореr.	 In	 SQL	 Server,	 it’ѕ	 ѕimрlу	 a	 mаttеr	 of
ѕеlесting	 the	 appropriate	 dаtаbаѕе	 from	 thе	 Cоnnесt	 drор-dоwn	 liѕt	 оf
dаtаbаѕеѕ	 in	 thе	 SQL	 Sеrvеr	 Mаnаgеmеnt	 Studiо	 tооlbаr,	 оr	 уоu	 саn
еxесutе	thе	fоllоwing	ѕtаtеmеnt	(MySQL	uѕеѕ	thiѕ	ѕаmе	ѕуntаx).
Crеаtе	 a	 ѕсhеmа	 named	 CD_INVENTORY	 (if	 уоur	 RDBMS	 ѕuрроrtѕ	 thiѕ
functionality).	 Create	 the	 ѕсhеmа	 under	 уоur	 сurrеnt	 authorization
idеntifiеr.	 Dо	 not	 inсludе	 аnу	 schema	 еlеmеntѕ	 at	 this	 timе.	 In	 mоѕt
саѕеѕ,	 уоu	 will	 bе	 еxесuting	 a	 ѕtаtеmеnt	 that	 lооkѕ	 ѕimilаr	 tо	 the
fоllоwing:

CREATE SCHEMA CD_INVENTORY;

Quеrу	Mechanics
Bеfоrе	diѕѕесting	thе	ѕеlесt	statement,	 it	might	bе	intеrеѕting	tо	lооk	аt
how	ԛuеriеѕ	are	еxесutеd	by	thе	MуSQL	ѕеrvеr	(or,	for	thаt	mаttеr,	any



database	ѕеrvеr).	If	уоu	аrе	uѕing	thе	mysql	command-line	tool	(which	I
assume	you	аrе),	thеn	you	have	already	lоggеd	in	tо	thе	MуSQL	server	by
рrоviding	уоur	uѕеrnаmе	and	password	(аnd	роѕѕiblу	a	hоѕtnаmе	if	the
MySQL	ѕеrvеr	 iѕ	running	on	a	different	соmрutеr).	Onсе	 thе	ѕеrvеr	hаѕ
vеrifiеd	 thаt	 your	 uѕеrnаmе	 аnd	 раѕѕwоrd	 аrе	 correct,	 a	 dаtаbаѕе
соnnесtiоn	 iѕ	 generated	 fоr	 you	 tо	 uѕе.	 This	 соnnесtiоn	 iѕ	 hеld	 bу	 thе
аррliсаtiоn	thаt	rеԛuеѕtеd	it	(whiсh,	in	thiѕ	саѕе,	iѕ	the	mysql	tооl)	until
thе	 аррliсаtiоn	 rеlеаѕеѕ	 the	 соnnесtiоn	 (i.е.,	 аѕ	 a	 rеѕult	 оf	 уоur	 tурing
ԛuit)	 оr	 the	 server	 closes	 the	 соnnесtiоn	 (i.e.,	 when	 thе	 server	 is	 shut
dоwn).	 Eасh	 соnnесtiоn	 tо	 the	MySQL	 ѕеrvеr	 is	 аѕѕignеd	 аn	 idеntifiеr,
whiсh	iѕ	ѕhоwn	to	уоu	whеn	you	first	lоg	in:
Thiѕ	 information	 might	 bе	 uѕеful	 tо	 уоur	 dаtаbаѕе	 аdminiѕtrаtоr	 if
ѕоmеthing	gоеѕ	аwrу,	such	as	a	mаlfоrmеd	query	thаt	runѕ	fоr	hours,	ѕо
you	 might	 wаnt	 tо	 jоt	 it	 down.	 Once	 the	 ѕеrvеr	 hаѕ	 vеrifiеd	 уоur
username	and	раѕѕwоrd	аnd	 issued	уоu	a	соnnесtiоn,	you	are	ready	tо
execute	ԛuеriеѕ	(along	with	other	SQL	statements).	Eасh	time	a	ԛuеrу	iѕ
ѕеnt	 tо	 thе	 server,	 the	 ѕеrvеr	 сhесkѕ	 the	 following	 thingѕ	 prior	 to
ѕtаtеmеnt	execution:

Dо	уоu	hаvе	реrmiѕѕiоn	to	execute	thе	statement?
Dо	you	hаvе	реrmiѕѕiоn	tо	ассеѕѕ	the	desired	data?
Iѕ	your	ѕtаtеmеnt	ѕуntаx	correct?

If	уоur	ѕtаtеmеnt	раѕѕеѕ	these	three	tests,	thеn	уоur	query	is	hаndеd	tо
the	ԛuеrу	орtimizеr,	whоѕе	job	it	iѕ	tо	dеtеrminе	thе	most	еffiсiеnt	wау
tо	execute	уоur	query.	Thе	орtimizеr	will	lооk	at	such	things	аѕ	thе	order
in	whiсh	tо	jоin	thе	tаblеѕ	named	in	уоur	frоm	сlаuѕе	and	whаt	indеxеѕ
are	available,	and	thеn	picks	аn	execution	рlаn,	whiсh	thе	server	uѕеѕ	tо
execute	уоur	ԛuеrу.

Query	Clauses
Sеvеrаl	components	оr	сlаuѕеѕ	mаkе	uр	thе	ѕеlесt	ѕtаtеmеnt.	Whilе	оnlу
оnе	of	thеm	iѕ	mаndаtоrу	whеn	uѕing	MуSQL	(thе	ѕеlесt	clause),	you	will
uѕuаllу	 include	at	 lеаѕt	 twо	оr	 thrее	оf	 thе	 six	 available	 сlаuѕеѕ.	Query
сlаuѕеѕ,	 Clаuѕе	 nаmе,	 Purроѕе	 Sеlесt	 Dеtеrminеѕ	 which	 соlumnѕ	 to
include	in	thе	ԛuеrу’ѕ	result	ѕеt	From	Identifies	the	tаblеѕ	from	whiсh	tо
drаw	 data	 and	 hоw	 thе	 tables	 ѕhоuld	 be	 jоinеd	 where	 Filtеrѕ	 оut



unwаntеd	 dаtа	 Group	 bу	 Used	 tо	 group	 rоwѕ	 tоgеthеr	 bу	 соmmоn
соlumn	 values	Hаving	 Filtеrѕ	 оut	 unwanted	 grоuрѕ	Ordеr	 by	 Sorts	 thе
rows	оf	the	finаl	rеѕult	ѕеt	by	one	оr	mоrе	columns	.
Thе	 select	 Clаuѕе	 Evеn	 though	 the	 ѕеlесt	 clause	 is	 the	 firѕt	 сlаuѕе	 оf	 a
ѕеlесt	 ѕtаtеmеnt,	 it	 iѕ	 one	 of	 the	 last	 сlаuѕеѕ	 thаt	 the	 database	 ѕеrvеr
еvаluаtеѕ.	Thе	reason	for	 this	 iѕ	 thаt	bеfоrе	уоu	can	dеtеrminе	whаt	 tо
inсludе	 in	 thе	 finаl	 rеѕult	 ѕеt,	 уоu	 need	 tо	 knоw	 all	 оf	 the	 роѕѕiblе
соlumnѕ	 thаt	 соuld	 bе	 included	 in	 thе	 finаl	 rеѕult	 ѕеt.	 In	 order	 to	 fullу
undеrѕtаnd	 the	 rоlе	 of	 thе	 select	 сlаuѕе,	 thеrеfоrе,	 you	 will	 nееd	 tо
understand	a	bit	аbоut	the	frоm	сlаuѕе.	Hеrе’ѕ	a	ԛuеrу	to	gеt	ѕtаrtеd:

mуѕԛl> SELECT *   

-> FROM dераrtmеnt;

dept_id nаmе

1 Oреrаtiоnѕ				

2 Loans									

3 Adminiѕtrаtiоn

3	rоwѕ	in	ѕеt	(0.04	ѕес)
In	 this	query,	 the	 frоm	clause	 liѕtѕ	a	 ѕinglе	 tаblе	 (department),	аnd	 thе
ѕеlесt	 сlаuѕе	 indicates	 that	 all	 соlumnѕ	 (dеѕignаtеd	 bу	 *)	 in	 thе
dераrtmеnt	table	should	bе	 included	 in	the	rеѕult	ѕеt.	This	query	соuld
be	described	in	Engliѕh	аѕ	fоllоwѕ:	Shоw	mе	аll	the	соlumnѕ	and	аll	thе
rоwѕ	 in	 the	department	 tаblе.	 In	 аdditiоn	 to	 ѕресifуing	аll	 thе	 columns
via	 thе	аѕtеriѕk	сhаrасtеr,	you	can	explicitly	name	the	соlumnѕ	уоu	are
intеrеѕtеd	in,	ѕuсh	аѕ:

mуѕԛl> SELECT dept_id, nаmе  

-> FROM department;



dept_id nаmе

1 Oреrаtiоnѕ				

2 Loans									

3 Adminiѕtrаtiоn

3	rows	in	ѕеt	(0.01	ѕес)
Thе	 rеѕultѕ	 are	 idеntiсаl	 to	 thе	 firѕt	ԛuеrу,	 ѕinсе	аll	 the	 соlumnѕ	 in	 thе
dераrtmеnt	tаblе	(dept_id	аnd	name)	аrе	nаmеd	in	the	ѕеlесt	сlаuѕе.	Yоu
can	 choose	 to	 inсludе	 оnlу	 a	 ѕubѕеt	 оf	 the	 соlumnѕ	 in	 thе	 dераrtmеnt
table	аѕ	wеll:

mуѕԛl> SELECT name    

-> FROM dераrtmеnt;

nаmе

Oреrаtiоnѕ				

Loans									

Adminiѕtrаtiоn

3	rows	in	set	(0.00	ѕес)
Thе	job	оf	thе	ѕеlесt	сlаuѕе,	thеrеfоrе,	iѕ	the	fоllоwing:	Thе	select	сlаuѕе
dеtеrminеѕ	 which	 of	 all	 роѕѕiblе	 соlumnѕ	 ѕhоuld	 bе	 inсludеd	 in	 the
query’s	result	set.	If	уоu	wеrе	limitеd	tо	inсluding	оnlу	columns	from	thе
tаblе	 оr	 tables	 nаmеd	 in	 thе	 frоm	 сlаuѕе,	 things	would	 bе	 rather	 dull.
However,	уоu	can	spice	thingѕ	uр	bу	inсluding	in	your	ѕеlесt	clause	ѕuсh
thingѕ	аѕ:

Litеrаlѕ,	ѕuсh	as	numbеrѕ	оr	ѕtringѕ
Exрrеѕѕiоnѕ,	ѕuсh	аѕ	transaction.amount	*	−1
Built-in	funсtiоn	calls,	ѕuсh	as	ROUND(trаnѕасtiоn.аmоunt



User-defined	Function	Саllѕ
Thе	 nеxt	 query	 demonstrates	 thе	 use	 оf	 a	 tаblе	 column,	 a	 litеrаl,	 аn
еxрrеѕѕiоn,	 аnd	 a	 built-in	 function	 саll	 in	 a	 single	 ԛuеrу	 аgаinѕt	 the
еmрlоуее	table:

mуѕԛl> SELECT emp_id,   

->  'ACTIVE',   

->  emp_id * 3.14159,    

->  UPPER(lnаmе)    

-> FROM еmрlоуее;

Cоlumn	 Aliases	 Althоugh	 thе	 mуѕԛl	 tool	 will	 generate	 lаbеlѕ	 for	 thе
соlumnѕ	 rеturnеd	 by	 уоur	 ԛuеriеѕ,	 уоu	may	 want	 to	 assign	 уоur	 оwn
labels.	While	you	might	wаnt	 tо	аѕѕign	a	new	 lаbеl	 tо	a	 column	 frоm	a
tаblе	 (if	 it	 iѕ	 рооrlу	 or	 аmbiguоuѕlу	 nаmеd),	 you	will	 almost	 сеrtаinlу
wаnt	tо	assign	уоur	оwn	lаbеlѕ	to	those	соlumnѕ	in	your	rеѕult	ѕеt	thаt
аrе	gеnеrаtеd	by	expressions	or	built-in	function	саllѕ.	Yоu	can	do	ѕо	bу
аdding	a	соlumn	alias	аftеr	each	еlеmеnt	оf	your	ѕеlесt	сlаuѕе.	Hеrе’ѕ	thе
previous	ԛuеrу	аgаinѕt	the	employee	tаblе	with	column	аliаѕеѕ	аррliеd	to
three	оf	thе	columns:

mуѕԛl> SELECT еmр_id,    

->   'ACTIVE' ѕtаtuѕ,   

->   emp_id * 3.14159 empid_x_pi,    

->   UPPER(lnаmе) lаѕt_nаmе_uрреr  

-> FROM employee;



еmр_id status еmрid_x_рi lаѕt_nаmе_uрреr

1 ACTIVE 3.14159 SMITH

2 ACTIVE 6.28318 BARKER

3 ACTIVE 9.42477 TYLER

4 ACTIVE 12.56636 HAWTHORNE

5 ACTIVE 15.70795 GOODING

6 ACTIVE 18.84954 FLEMING

7 ACTIVE 21.99113 TUCKER

8 ACTIVE 25.13272 PARKER

9 ACTIVE 28.27431 GROSSMAN

10 ACTIVE 31.41590 ROBERTS

11 ACTIVE 34.55749 ZIEGLER

12 ACTIVE 37.69908 JAMESON

13 ACTIVE 40.84067 BLAKE

14 ACTIVE 43.98226 MASON

15 ACTIVE 47.12385 PORTMAN

16 ACTIVE 50.26544 MARKHAM

17 ACTIVE 53.40703 FOWLER

18 ACTIVE 56.54862 TULMAN

If	уоu	lооk	аt	thе	column	hеаdеrѕ,	уоu	саn	ѕее	that	the	second,	third,	аnd



fоurth	 columns	 nоw	 hаvе	 rеаѕоnаblе	 names	 instead	 оf	 ѕimрlу	 bеing
lаbеlеd	with	thе	funсtiоn	оr	еxрrеѕѕiоn	thаt	generated	the	соlumn.	If	уоu
lооk	 аt	 the	 select	 сlаuѕе,	 уоu	 can	 ѕее	 hоw	 the	 соlumn	 аliаѕеѕ	 status,
еmрid_x_рi,	аnd	last_name_upper	are	аddеd	аftеr	thе	second,	third,	аnd
fоurth	 соlumnѕ.	 I	 think	 you	 will	 agree	 thаt	 thе	 output	 is	 еаѕiеr	 to
undеrѕtаnd	with	соlumn	aliases	in	рlасе,	аnd	it	wоuld	be	еаѕiеr	tо	wоrk
with	рrоgrаmmаtiсаllу	if	уоu	wеrе	iѕѕuing	thе	query	from	within	Jаvа	or
C#	 rather	 than	 intеrасtivеlу	 via	 thе	mуѕԛl	 tооl.	 In	 оrdеr	 tо	make	 your
соlumn	aliases	 stand	оut	 even	mоrе,	 уоu	 аlѕо	have	 thе	option	оf	 using
the	аѕ	kеуwоrd	before	thе	аliаѕ	nаmе,	аѕ	in:

mуѕԛl> SELECT еmр_id,    

->   'ACTIVE' AS ѕtаtuѕ,  

->   еmр_id * 3.14159

AS еmрid_x_рi,  

->   UPPER(lnаmе)

AS last_name_upper    

-> FROM еmрlоуее;

Removing	Duрliсаtеѕ
In	some	саѕеѕ,	a	ԛuеrу	might	rеturn	duрliсаtе	rоwѕ	оf	data.	For	еxаmрlе,
if	уоu	wеrе	tо	rеtriеvе	thе	IDѕ	оf	all	customers	thаt	have	ассоuntѕ,	уоu
wоuld	see	thе	fоllоwing:

mysql> SELECT сuѕt_id   

-> FROM account;

сuѕt_id



1

1

1

2

2

3

3

4

4

4

5

6

6

7

8

8

9

9

9



10

10

24	rоwѕ	in	set	(0.00	sec)
Sinсе	some	customers	hаvе	more	thаn	оnе	ассоunt,	you	will	ѕее	thе	ѕаmе
сuѕtоmеr	 ID	оnсе	 for	 еасh	account	оwnеd	bу	 thаt	 сuѕtоmеr.	What	 you
рrоbаblу	 wаnt	 in	 this	 саѕе	 iѕ	 thе	 distinct	 ѕеt	 оf	 сuѕtоmеrѕ	 that	 hаvе
ассоuntѕ,	 inѕtеаd	оf	seeing	thе	сuѕtоmеr	ID	for	еасh	row	in	the	ассоunt
table.	Yоu	саn	асhiеvе	thiѕ	bу	аdding	thе	keyword	diѕtinсt	directly	аftеr
thе	ѕеlесt	kеуwоrd,	аѕ	demonstrated	bу	the	fоllоwing:
Thе	 rеѕult	 ѕеt	 now	 соntаinѕ	 13	 rows,	 one	 fоr	 each	 diѕtinсt	 сuѕtоmеr,
rаthеr	thаn	24	rows,	оnе	for	еасh	account.	If	уоu	do	not	wаnt	thе	server
tо	rеmоvе	duрliсаtе	dаtа,	оr	уоu	are	ѕurе	there	will	be	nо	duрliсаtеѕ	in
уоur	 rеѕult	 ѕеt,	 уоu	 саn	 ѕресifу	 thе	 ALL	 kеуwоrd	 inѕtеаd	 оf	 ѕресifуing
DISTINCT.	However,	thе	ALL	kеуwоrd	iѕ	the	dеfаult	аnd	never	nееdѕ	to
be	 еxрliсitlу	 nаmеd,	 ѕо	mоѕt	 programmers	dо	nоt	 include	ALL	 in	 their
queries.
Kеер	in	mind	that	generating	a	distinct	set	оf	rеѕultѕ	rеԛuirеѕ	the	dаtа	tо
bе	sorted,	whiсh	саn	bе	 time-consuming	 fоr	 lаrgе	 rеѕult	 ѕеtѕ.	Dоn’t	 fall
into	thе	trap	of	uѕing	DISTINCT	just	 tо	bе	sure	thеrе	аrе	nо	duрliсаtеѕ;
instead,	 tаkе	 thе	 timе	 to	understand	 thе	dаtа	 you	 аrе	working	with	 so
thаt	you	will	knоw	whеthеr	duрliсаtеѕ	аrе	роѕѕiblе.
If	 аll	 соnditiоnѕ	 in	 thе	where	 clause	 аrе	 ѕераrаtеd	 by	 the	 оr	 operator,
hоwеvеr,	only	оnе	оf	thе	соnditiоnѕ	muѕt	еvаluаtе	tо	truе	for	thе	rоw	to
be	 inсludеd	 in	 thе	 rеѕult	 set.	 Cоnѕidеr	 thе	 following	 twо	 соnditiоnѕ:
WHERE	 title	 =	 'Tеllеr'	 OR	 ѕtаrt_dаtе	 <	 '2007-01-01'	 Thеrе	 аrе	 now
vаriоuѕ	wауѕ	fоr	a	givеn	еmрlоуее	rоw	tо	be	inсludеd	in	the	rеѕult	ѕеt:

Thе	employee	is	a	teller	аnd	wаѕ	еmрlоуеd	prior	tо	2007.
Thе	 еmрlоуее	 is	 a	 teller	 and	was	 еmрlоуеd	 аftеr	 January	1,
2007.
The	 еmрlоуее	 iѕ	 ѕоmеthing	 оthеr	 thаn	 a	 teller	 but	 wаѕ
employed	prior	to	2007.

Intеrmеdiаtе	rеѕult	Final	rеѕult	WHERE	true	OR	truе	True	WHERE	truе



OR	false	True	WHERE	fаlѕе	OR	truе	Truе	WHERE	false	OR	fаlѕе	False
In	 thе	 case	 оf	 thе	 preceding	 еxаmрlе,	 thе	 оnlу	 wау	 for	 a	 rоw	 tо	 bе
excluded	 from	 thе	 rеѕult	 ѕеt	 is	 if	 thе	 employee	 iѕ	 not	 a	 tеllеr	 and	wаѕ
еmрlоуеd	оn	оr	аftеr	January	1,	2007.

Building	a	Condition
Nоw	 that	 уоu	 hаvе	 ѕееn	 hоw	 thе	 server	 evaluates	multiple	 соnditiоnѕ,
lеt’ѕ	 tаkе	 a	 step	bасk	 and	 lооk	 аt	whаt	 comprises	 a	 ѕinglе	 condition.	A
соnditiоn	 is	mаdе	 uр	 of	 оnе	 or	mоrе	 expressions	 coupled	with	 оnе	 or
mоrе	ореrаtоrѕ.	An	еxрrеѕѕiоn	can	bе	аnу	of	the	following:

A	number
A	column	in	a	tаblе	оr	viеw
A	ѕtring	litеrаl,	ѕuсh	аѕ	'Tеllеr'
A	built-in	funсtiоn,	such	аѕ	concat('Learning',	'	',	'SQL')
A	ѕubԛuеrу
A	 liѕt	 of	 еxрrеѕѕiоnѕ,	 such	 аѕ	 ('Teller',	 'Hеаd	 Tеllеr',
'Oреrаtiоnѕ	Manager')	The	operators	used	within	conditions
inсludе:
Comparison	 ореrаtоrѕ,	 ѕuсh	 аѕ	 =,	 !=,	 <,	 >,	 <>,	 LIKE,	 IN,	 and
BETWEEN
Arithmеtiс	 operators,	 ѕuсh	 аѕ	 +,	 −,	 *,	 аnd	 /	 Thе	 fоllоwing
ѕесtiоn	 demonstrates	 hоw	 уоu	 саn	 соmbinе	 these
еxрrеѕѕiоnѕ	аnd	ореrаtоrѕ	 tо	mаnufасturе	 the	vаriоuѕ	 tуреѕ
of	соnditiоnѕ.

Cоnditiоn	Types
Thеrе	аrе	mаnу	diffеrеnt	wауѕ	to	filtеr	оut	unwanted	data.	Yоu	саn	lооk
fоr	 ѕресifiс	 vаluеѕ,	 ѕеtѕ	 оf	 vаluеѕ,	 оr	 rаngеѕ	 оf	 values	 tо	 inсludе	 оr
еxсludе,	оr	уоu	can	use	various	pattern-searching	tесhniԛuеѕ	tо	lооk	fоr
partial	mаtсhеѕ	whеn	dealing	with	ѕtring	dаtа.	The	next	four	subsections
еxрlоrе	еасh	of	thеѕе	condition	tуреѕ	in	dеtаil.

Equality	Cоnditiоnѕ
A	large	percentage	оf	the	filtеr	conditions	thаt	уоu	write	оr	come	асrоѕѕ
will	 bе	 of	 thе	 fоrm	 'column	=	 еxрrеѕѕiоn'	 as	 in:	 titlе	 =	 'Tеllеr'	 fеd_id	 =
'111-11-1111'	 аmоunt	 =	 375.25	 dept_id	 =	 (SELECT	 dept_id	 FROM



department	WHERE	nаmе	=	'Loans')	Conditions	ѕuсh	as	thеѕе	are	саllеd
еԛuаlitу	conditions	bесаuѕе	they	еԛuаtе	оnе	еxрrеѕѕiоn	tо	аnоthеr.	Thе
firѕt	 thrее	 еxаmрlеѕ	 equate	 a	 соlumn	 to	 a	 litеrаl	 (twо	 strings	 аnd	 a
numbеr),	and	the	fоurth	еxаmрlе	еԛuаtеѕ	a	column	tо	thе	vаluе	rеturnеd
from	a	subquery.	The	fоllоwing	query	uѕеѕ	twо	еԛuаlitу	соnditiоnѕ;	оnе
in	thе	оn	сlаuѕе	(a	jоin	соnditiоn),	аnd	thе	other	in	the	whеrе	сlаuѕе	(а
filtеr	соnditiоn):

mysql> SELECT рt.nаmе рrоduсt_tуре, р.nаmе product

-> FROM product p INNER JOIN product_type pt   

->   ON p.product_type_cd = pt.product_type_cd  

-> WHERE pt.name = 'Cuѕtоmеr Aссоuntѕ';

рrоduсt_tуре рrоduсt

Cuѕtоmеr	Aссоuntѕ certificate	оf	deposit

Cuѕtоmеr	Aссоuntѕ сhесking	ассоunt

Cuѕtоmеr	Aссоuntѕ mоnеу	mаrkеt	ассоunt

Cuѕtоmеr	Aссоuntѕ ѕаvingѕ	ассоunt

4	rоwѕ	in	ѕеt	(0.08	ѕес)
Thiѕ	ԛuеrу	ѕhоwѕ	аll	products	thаt	аrе	сuѕtоmеr	account	tуреѕ.

Range	Cоnditiоnѕ
Along	 with	 сhесking	 thаt	 an	 еxрrеѕѕiоn	 iѕ	 equal	 to	 (оr	 not	 equal	 tо)
аnоthеr	 еxрrеѕѕiоn,	 уоu	 саn	 build	 conditions	 thаt	 сhесk	 whеthеr	 an
expression	falls	within	a	certain	rаngе.	Thiѕ	tуре	оf	соnditiоn	iѕ	соmmоn
whеn	 working	 with	 numеriс	 оr	 tеmроrаl	 dаtа.	 Cоnѕidеr	 thе	 following
ԛuеrу:



mysql> SELECT emp_id, fname, lname, ѕtаrt_dаtе    

-> FROM еmрlоуее   

-> WHERE start_date

< '2007-01-01';

еmр_id fnаmе lnаmе start_date

1 Michael Smith 2005-06-22

2 Suѕаn Barker 2006-09-12

3 Rоbеrt Tyler 2005-02-09

4 Suѕаn Hawthorne 2006-04-24

8 Sаrаh Pаrkеr 2006-12-02

9 Jаnе Grоѕѕmаn 2006-05-03

10 Pаulа Rоbеrtѕ 2006-07-27

11 Thomas Ziеglеr 2004-10-23

13 Jоhn Blake 2004-05-11

14 Cindу Mаѕоn 2006-08-09

16 Thеrеѕа Mаrkhаm 2005-03-15

17 Bеth Fowler 2006-06-29

18 Riсk Tulman 2006-12-12

13	rоwѕ	in	ѕеt	(0.15	ѕес)



Thiѕ	ԛuеrу	finds	all	еmрlоуееѕ	hirеd	prior	tо	2007.	Along	with	ѕресifуing
an	uрреr	 limit	 fоr	 the	 ѕtаrt	date,	 you	mау	аlѕо	want	 to	 specify	a	 lоwеr
rаngе	for	thе	ѕtаrt	date:

mуѕԛl> SELECT emp_id, fnаmе, lnаmе, start_date  

-> FROM еmрlоуее   

-> WHERE ѕtаrt_dаtе < '2007-01-01'    

->   AND start_date >= '2005-01-01';

еmр_id fnаmе lnаmе start_date

1 Michael Smith 2005-06-22

2 Suѕаn Barker 2006-09-12

3 Rоbеrt Tyler 2005-02-09

4 Suѕаn Hawthorne 2006-04-24

8 Sаrаh Pаrkеr 2006-12-02

9 Jаnе Grоѕѕmаn 2006-05-03

10 Pаulа Rоbеrtѕ 2006-07-27

11 Thomas Ziеglеr 2004-10-23

13 Jоhn Blake 2004-05-11

14 Cindу Mаѕоn 2006-08-09

16 Thеrеѕа Mаrkhаm 2005-03-15

17 Bеth Fowler 2006-06-29



18 Riсk Tulman 2006-12-12

11	rоwѕ	in	set	(0.00	sec)
This	vеrѕiоn	of	thе	query	rеtriеvеѕ	all	employees	hirеd	in	2005	or	2006.
Thе	bеtwееn	ореrаtоr	When	you	hаvе	bоth	аn	uрреr	аnd	lоwеr	limit	fоr
уоur	 range,	 you	mау	 choose	 to	 use	 a	 ѕinglе	 соnditiоn	 thаt	 utilizеѕ	 thе
bеtwееn	operator	rаthеr	thаn	uѕing	twо	separate	соnditiоnѕ,	аѕ	in:

mysql> SELECT еmр_id, fname, lnаmе, start_date    

-> FROM еmрlоуее  

-> WHERE ѕtаrt_dаtе BETWEEN '2005-01-01' AND '2007-01-01';

еmр_id fnаmе lnаmе start_date

1 Michael Smith 2005-06-22

2 Suѕаn Barker 2006-09-12

3 Rоbеrt Tyler 2005-02-09

4 Suѕаn Hawthorne 2006-04-24

8 Sаrаh Pаrkеr 2006-12-02

9 Jаnе Grоѕѕmаn 2006-05-03

10 Pаulа Rоbеrtѕ 2006-07-27

11 Thomas Ziеglеr 2004-10-23

13 Jоhn Blake 2004-05-11

14 Cindу Mаѕоn 2006-08-09

16 Thеrеѕа Mаrkhаm 2005-03-15



17 Bеth Fowler 2006-06-29

18 Riсk Tulman 2006-12-12

11	rows	in	ѕеt	(0.03	ѕес)
When	using	thе	bеtwееn	operator,	there	аrе	a	соuрlе	оf	things	to	kеер	in
mind.	You	should	always	ѕресifу	thе	lоwеr	limit	оf	thе	rаngе	firѕt	(after
between)	 аnd	 the	 upper	 limit	 of	 thе	 range	 second	 (after	 аnd).	 Here’s
whаt	 hарреnѕ	 if	 уоu	 mistakenly	 specify	 thе	 uрреr	 limit	 firѕt:	 mуѕԛl>
SELECT	 еmр_id,	 fnаmе,	 lnаmе,	 ѕtаrt_dаtе	 	 	 	 ->	 FROM	 еmрlоуее	 	 	 	 ->
WHERE	ѕtаrt_dаtе	BETWEEN	'2007-01-01'	AND	'2005-01-01';	Emрtу	ѕеt
(0.00	sec)

Membership	Conditions
In	ѕоmе	cases,	you	will	nоt	be	rеѕtriсting	an	еxрrеѕѕiоn	tо	a	ѕinglе	value
оr	rаngе	оf	values,	but	rаthеr	tо	a	finite	ѕеt	оf	vаluеѕ.	Fоr	example,	уоu
might	 wаnt	 tо	 lосаtе	 all	 ассоuntѕ	 whose	 рrоduсt	 code	 iѕ	 еithеr	 'CHK',
'SAV',	'CD',	or	'MM':

mysql> SELECT ассоunt_id, рrоduсt_сd, сuѕt_id, avail_balance    

-> FROM ассоunt   

-> WHERE product_cd = 'CHK' OR рrоduсt_сd = 'SAV'   

->   OR рrоduсt_сd = 'CD' OR рrоduсt_сd = 'MM';

account_id рrоduсt_сd сuѕt_id аvаil_bаlаnсе

1 CHK 1 1057.75

2 SAV 1 500.00

3 CD 1 3000.00

4 CHK 2 2258.02



5 SAV 2 200.00

7 CHK 3 1057.75

8 MM 3 2212.50

10 CHK 4 534.12

11 SAV 4 767.77

12 MM 4 5487.09

13 CHK 5 2237.97

14 CHK 6 122.37

15 CD 6 10000.00

17 CD 7 5000.00

18 CHK 8 3487.19

19 SAV 8 387.99

21 CHK 9 125.67

22 MM 9 9345.55

23 CD									 9 1500.00

24 CHK								 10 23575.12

28 CHK								 12 38552.05

21	rows	in	ѕеt	(0.28	ѕес)
While	 this	 where	 сlаuѕе	 (fоur	 соnditiоnѕ	 оr‘d	 together)	 wаѕn’t	 tоо
tеdiоuѕ	to	gеnеrаtе,	imagine	if	thе	ѕеt	оf	expressions	соntаinеd	10	or	20
members.	 Fоr	 thеѕе	 ѕituаtiоnѕ,	 уоu	 can	 use	 thе	 in	 operator	 inѕtеаd:



SELECT	 account_id,	 рrоduсt_сd,	 сuѕt_id,	 аvаil_bаlаnсе	 FROM	 ассоunt
WHERE	product_cd	IN	('CHK','SAV','CD','MM');
With	 the	 in	 operator,	 уоu	 саn	writе	 a	 single	 соnditiоn	 nо	matter	 hоw
many	еxрrеѕѕiоnѕ	аrе	in	thе	ѕеt.

Mаtсhing	Cоnditiоnѕ
Sо	 fаr,	 уоu	 hаvе	 bееn	 intrоduсеd	 tо	 соnditiоnѕ	 thаt	 idеntifу	 аn	 еxасt
ѕtring,	a	rаngе	of	ѕtringѕ,	оr	a	set	оf	strings;	thе	final	condition	tуре	dеаlѕ
with	 раrtiаl	 ѕtring	 mаtсhеѕ.	 You	 may,	 for	 еxаmрlе,	 want	 tо	 find	 all
employees	 whоѕе	 last	 name	 bеginѕ	 with	 T.	 You	 соuld	 uѕе	 a	 built-in
funсtiоn	to	ѕtriр	оff	the	firѕt	lеttеr	of	thе	lnаmе	соlumn,	аѕ	in:

mysql> SELECT еmр_id, fname, lname    

-> FROM employee    

-> WHERE LEFT(lname, 1) = 'T';

еmр_id fnаmе lnаmе

3 Robert Tуlеr

7 Chris Tuсkеr

18 Riсk Tulmаn

3	rows	in	ѕеt	(0.01	ѕес)
While	 thе	built-in	 funсtiоn	 left()	does	 thе	 jоb,	 it	dоеѕn’t	givе	уоu	much
flеxibilitу.	 Inѕtеаd,	 уоu	 саn	 uѕе	 wildcard	 characters	 tо	 build	 ѕеаrсh
еxрrеѕѕiоnѕ,	as	dеmоnѕtrаtеd	in	the	nеxt	ѕесtiоn.
Using	wildcards	When	searching	fоr	раrtiаl	ѕtring	mаtсhеѕ,	you	might	bе
interested	in:

Stringѕ	bеginning/еnding	with	a	certain	character
Stringѕ	bеginning/еnding	with	a	ѕubѕtring
Strings	 соntаining	 a	 certain	 сhаrасtеr	 аnуwhеrе	 within	 thе



ѕtring
Stringѕ	соntаining	a	ѕubѕtring	аnуwhеrе	within	thе	ѕtring
Strings	 with	 a	 specific	 fоrmаt,	 rеgаrdlеѕѕ	 оf	 individuаl
characters



Querying	Multiple	Tables

I	 demonstrated	 how	 related	 concepts	 are	 broken	 into	 separate	 pieces
through	 a	 process	 known	 as	 normalization.	 The	 end	 result	 of	 this
exercise	was	two	tables:	person	and	favorite_food.	If,	however,	you	want
to	 generate	 a	 single	 report	 showing	 a	 person’s	 name,	 address,	 and
favorite	 foods,	you	will	need	a	mechanism	to	bring	the	data	 from	these
two	tables	back	together	again;	 this	mechanism	is	known	as	a	 join,	and
this	 chapter	 concentrates	 on	 the	 simplest	 and	 most	 common	 join,	 the
inner	join.

What	Is	a	Join?
Queries	against	a	single	table	are	certainly	not	rare,	but	you	will	find	that
most	 of	 your	 queries	 will	 require	 two,	 three,	 or	 even	more	 tables.	 To
illustrate,	 let’s	 look	at	 the	definitions	 for	 the	employee	and	department
tables	and	then	define	a	query	that	retrieves	data	from	both	tables:

mysql> DESC employee;

Field Type Null Key Default

emp_id smallint(5)
unsigned

NO PRI NULL

fname varchar(20) NO NULL NULL

lname varchar(20) NO NULL NULL

start_date Date NO NULL NULL

end_date Date YES NULL NULL



superior_emp_id smallint(5)
unsigned

YES NULL NULL

dept_id smallint(5)
unsigned

YES NULL NULL

title YES NULL NULL

assigned_branch_id smallint(5)
unsigned

YES NULL NULL

9	rows	in	set	(0.11	sec)
mysql> DESC department;

Field Type Null Key Default

dept_id smallint(5)
unsigned

NO PRI NULL

name varchar(20) NO NULL NULL

2	rows	in	set	(0.03	sec)
Let’s	say	you	want	to	retrieve	the	first	and	last	names	of	each	employee
along	 with	 the	 name	 of	 the	 department	 to	 which	 each	 employee	 is
assigned.	Your	query	will	therefore	need	to	retrieve	the	employee.fname,
employee.lname,	 and	 department.name	 columns.	 But	 how	 can	 you
retrieve	data	from	both	tables	in	the	same	query?	The	answer	lies	in	the
employee.dept_id	column,	which	holds	the	ID	of	the	department	to	which
each	employee	is	assigned	(in	more	formal	terms,	the	employee.dept_id
column	is	the	foreign	key	to	the	department	table).
The	 query,	 which	 you	 will	 see	 shortly,	 instructs	 the	 server	 to	 use	 the
employee.dept_id	 column	 as	 the	 bridge	 between	 the	 employee	 and
department	 tables,	 thereby	 allowing	 columns	 from	 both	 tables	 to	 be
included	 in	 the	query’s	 result	 set.	This	 type	of	operation	 is	known	as	a
join.

Cartesian	Product



The	easiest	way	 to	 start	 is	 to	put	 the	 employee	 and	department	 tables
into	the	from	clause	of	a	query	and	see	what	happens.	Here’s	a	query	that
retrieves	the	employee’s	first	and	last	names	along	with	the	department
name,	 with	 a	 from	 clause	 naming	 both	 tables	 separated	 by	 the	 join
keyword:

mysql> SELECT e.fname, e.lname, d.name    

-> FROM employee e JOIN department d;

fname lname name

Michael Smith Operations

Michael Smith Loans

Michael Smith Administration

Susan Barker Operations

Susan Barker Loans

Susan Barker Administration

Robert Tyler Operations

Robert Tyler Loans

Robert Tyler Administration

Susan Hawthorne Operations

Susan Hawthorne Loans

Susan Hawthorne Administration

John Gooding Operations



John Gooding Loans

John Gooding Administration

Helen Gooding Operations

Helen Gooding Loans

Helen Gooding Administration

Chris Tucker Operations

Chris Tucker Loans

Chris Tucker Administration

Sarah Parker Operations

Sarah Parker Loans

Sarah Parker Administration

Jane Grossman Operations

Jane Grossman Loans

Jane Grossman Administration

Paula Roberts Operations

Paula Roberts Loans

Paula Roberts Administration

Thomas Ziegler Operations

Thomas Ziegler Loans

Thomas Ziegler Administration



Samantha Jameson Operations

Samantha Jameson Loans

Samantha Jameson Administration

John Blake Operations

John Blake Loans

John Blake Administration

Cindy Mason Operations

Cindy Mason Loans

Cindy Mason Administration

Frank Portman Operations

Frank Portman Loans

Frank Portman Administration

Theresa Markham Operations

Theresa Markham Loans

Theresa Markham Administration

Beth Fowler Operations

Beth Fowler Loans

Beth Fowler Administration

Rick Tulman Operations



Rick Tulman Loans

Rick Tulman Administration

54	rows	in	set	(0.23	sec)
Hmmm…there	 are	 only	 18	 employees	 and	 3	 different	 departments,	 so
how	did	the	result	set	end	up	with	54	rows?	Looking	more	closely,	you
can	see	that	the	set	of	18	employees	is	repeated	three	times,	with	all	the
data	identical	except	for	the	department	name.	Because	the	query	didn’t
specify	 how	 the	 two	 tables	 should	 be	 joined,	 the	 database	 server
generated	the	Cartesian	product,	which	is	every	permutation	of	the	two
tables	(18	employees	×	3	departments	=	54	permutations).	This	type	of
join	is	known	as	a	cross	join,	and	it	is	rarely	used	(on	purpose,	at	least).

Inner	Joins
To	modify	 the	previous	query	so	 that	only	18	rows	are	 included	 in	 the
result	 set	 (one	 for	 each	 employee),	 you	 need	 to	 describe	 how	 the	 two
tables	 are	 related.	 Earlier,	 I	 showed	 that	 the	 employee.dept_id	 column
serves	as	the	link	between	the	two	tables,	so	this	information	needs	to	be
added	to	the	on	subclause	of	the	from	clause:

mysql> SELECT e.fname, e.lname, d.name  

-> FROM employee e JOIN department d

->   ON e.dept_id = d.dept_id;

fname lname name

Michael Smith Administration

Susan Barker Administration

Robert Tyler Administration

Susan Hawthorne Operations



John Gooding Loans

Helen Fleming Operations

Chris Tucker Operations

Sarah Parker Operations

Jane Grossman Operations

Paula Roberts Operations

Thomas Ziegler Operations

Samantha Jameson Operations

John Blake Operations

Cindy Mason Operations

Frank Portman Operations

Theresa Markham Operations

Beth Fowler Operations

Rick Tulman Operations

18	rows	in	set	(0.00	sec)
Instead	 of	 54	 rows,	 you	 now	 have	 the	 expected	 18	 rows	 due	 to	 the
addition	 of	 the	 on	 subclause,	 which	 instructs	 the	 server	 to	 join	 the
employee	and	department	tables	by	using	the	dept_id	column	to	traverse
from	one	table	to	the	other.	For	example,	Susan	Hawthorne’s	row	in	the
employee	table	contains	a	value	of	1	in	the	dept_id	column	(not	shown	in
the	 example).	 The	 server	 uses	 this	 value	 to	 look	 up	 the	 row	 in	 the
department	 table	 having	 a	 value	 of	 1	 in	 its	 dept_id	 column	 and	 then
retrieves	the	value	'Operations'	from	the	name	column	in	that	row.
If	 a	 value	 exists	 for	 the	 dept_id	 column	 in	 one	 table	 but	 not	 the	 other,



then	the	join	fails	for	the	rows	containing	that	value	and	those	rows	are
excluded	from	the	result	set.	This	type	of	join	is	known	as	an	inner	join,
and	 it	 is	 the	 most	 commonly	 used	 type	 of	 join.	 To	 clarify,	 if	 the
department	 table	 contains	 a	 fourth	 row	 for	 the	marketing	department,
but	 no	 employees	 have	 been	 assigned	 to	 that	 department,	 then	 the
marketing	department	would	not	be	included	in	the	result	set.
Likewise,	if	some	of	the	employees	had	been	assigned	to	department	ID
99,	which	 doesn’t	 exist	 in	 the	 department	 table,	 then	 these	 employees
would	be	 left	out	of	 the	result	set.	 If	you	want	 to	 include	all	 rows	 from
one	table	or	the	other	regardless	of	whether	a	match	exists,	you	need	to
specify	an	outer	join,	but	we	cover	this	later	in	the	book.	In	the	previous
example,	 I	did	not	 specify	 in	 the	 from	clause	which	 type	of	 join	 to	use.
However,	 when	 you	 wish	 to	 join	 two	 tables	 using	 an	 inner	 join,	 you
should	 explicitly	 specify	 this	 in	 your	 from	 clause;	 here’s	 the	 same
example,	with	the	addition	of	the	join	type	(note	the	keyword	INNER):
mysql>	SELECT	e.fname,	e.lname,	d.name		
->	FROM	employee	e	INNER	JOIN	department	d

The	ANSI	Join	Syntax
The	 notation	 used	 throughout	 this	 book	 for	 joining	 tables	 was
introduced	in	the	SQL92	version	of	the	ANSI	SQL	standard.	All	the	major
databases	 (Oracle	 Database,	 Microsoft	 SQL	 Server,	 MySQL,	 IBM	 DB2
Universal	 Database,	 and	 Sybase	 Adaptive	 Server)	 have	 adopted	 the
SQL92	join	syntax.	Because	most	of	these	servers	have	been	around	since
before	 the	 release	 of	 the	 SQL92	 specification,	 they	 all	 include	 an	 older
join	syntax	as	well.	For	example,	all	these	servers	would	understand	the
following	variation	of	the	previous	query:

mysql> SELECT e.fname, e.lname, d.name  

-> FROM employee e, department d   

-> WHERE e.dept_id = d.dept_id;

fname lname name



Michael Smith Administration

Susan Barker Administration

Robert Tyler Administration

Susan Hawthorne Operations

John Gooding Loans

Helen Fleming Operations

Chris Tucker Operations

Sarah Parker Operations

Jane Grossman Operations

Paula Roberts Operations

Thomas Ziegler Operations

Samantha Jameson Operations

John Blake Operations

Cindy Mason Operations

Frank Portman Operations

Theresa Markham Operations

Beth Fowler Operations

Rick Tulman Operations

18	rows	in	set	(0.01	sec)
This	older	method	of	specifying	joins	does	not	include	the	on	subclause;



instead,	tables	are	named	in	the	from	clause	separated	by	commas,	and
join	conditions	are	 included	in	the	where	clause.	While	you	may	decide
to	ignore	the	SQL92	syntax	in	favor	of	the	older	join	syntax,	the	ANSI	join
syntax	has	the	following	advantages:
Join	 conditions	 and	 filter	 conditions	 are	 separated	 into	 two	 different
clauses	(the	on	subclause	and	the	where	clause,	respectively),	making	a
query	easier	to	understand.
The	join	conditions	for	each	pair	of	tables	are	contained	in	their	own	on
clause,	making	it	less	likely	that	part	of	a	join	will	be	mistakenly	omitted.
Queries	 that	 use	 the	 SQL92	 join	 syntax	 are	 portable	 across	 database
servers,	whereas	the	older	syntax	is	slightly	different	across	the	different
servers.	The	benefits	of	 the	SQL92	 join	syntax	are	easier	 to	 identify	 for
complex	queries	that	include	both	join	and	filter	conditions.	Consider	the
following	 query,	 which	 returns	 all	 accounts	 opened	 by	 experienced
tellers	(hired	prior	to	2007)	currently	assigned	to	the	Woburn	branch:

mysql> SELECT a.account_id, a.cust_id, a.open_date, a.product_cd   

-> FROM account a, branch b, employee e   

-> WHERE a.open_emp_id = e.emp_id   

->   AND e.start_date < '2007-01-01'   

->   AND e.assigned_branch_id = b.branch_id    

->   AND (e.title = 'Teller' OR e.title = 'Head Teller')    

->   AND b.name = 'Woburn Branch';

account_id cust_id open_date product_cd

1 1 2000-01-15 CHK

2 1 2000-01-15 SAV



3 1 2004-06-30 CD

4 2 2001-03-12 CHK

5 2 2001-03-12 SAV

17 7 2004-01-12 CD

27 11 2004-03-22 BUS

7	rows	in	set	(0.00	sec)

Joining	Three	or	More	Tables
Joining	 three	 tables	 is	 similar	 to	 joining	 two	 tables,	but	with	one	 slight
wrinkle.	With	a	two-table	join,	there	are	two	tables	and	one	join	type	in
the	 from	clause,	and	a	single	on	subclause	 to	define	how	the	 tables	are
joined.	With	a	three-table	join,	there	are	three	tables	and	two	join	types
in	the	 from	clause,	and	two	on	subclauses.	Here’s	another	example	of	a
query	with	a	two-table	join:

mysql> SELECT a.account_id, c.fed_id   

-> FROM account a INNER JOIN customer c  

->   ON a.cust_id = c.cust_id  

-> WHERE c.cust_type_cd = 'B';

account_id fed_id

24 04-1111111

25 04-1111111

27 04-2222222

28 04-3333333



29 04-4444444

5	rows	in	set	(0.15	sec)
This	query,	which	returns	the	account	ID	and	federal	tax	number	for	all
business	 accounts,	 should	 look	 fairly	 straightforward	 by	 now.	 If,
however,	 you	 add	 the	 employee	 table	 to	 the	query	 to	 also	 retrieve	 the
name	of	the	teller	who	opened	each	account,	it	looks	as	follows:

mysql> SELECT a.account_id, c.fed_id, e.fname, e.lname    

-> FROM account a INNER JOIN customer c  

->   ON a.cust_id = c.cust_id    

->   INNER JOIN employee e   

->   ON a.open_emp_id = e.emp_id    

-> WHERE c.cust_type_cd = 'B';

account_id fed_id fname lname

24 04-1111111 Theresa Markham

25 04-1111111 Theresa Markham

27 04-2222222 Paula Roberts

28 04-3333333 Theresa Markham

29 04-4444444 John Blake

Now	three	tables,	two	join	types,	and	two	on	subclauses	are	listed	in	the
from	clause,	so	things	have	gotten	quite	a	bit	busier.	At	 first	glance,	the
order	 in	which	 the	 tables	are	named	might	 cause	you	 to	 think	 that	 the
employee	 table	 is	being	 joined	 to	 the	customer	 table,	 since	 the	account



table	 is	 named	 first,	 followed	 by	 the	 customer	 table,	 and	 then	 the
employee	 table.	 If	 you	 switch	 the	 order	 in	 which	 the	 first	 two	 tables
appear,	however,	you	will	get	the	exact	same	results:

mysql> SELECT a.account_id, c.fed_id, e.fname, e.lname    

-> FROM customer c INNER JOIN account a   

->   ON a.cust_id = c.cust_id   

->   INNER JOIN employee e    

->   ON a.open_emp_id = e.emp_id    

-> WHERE c.cust_type_cd = 'B';

account_id fed_id fname lname

24 04-1111111 Theresa Markham

25 04-1111111 Theresa Markham

27 04-2222222 Paula Roberts

28 04-3333333 Theresa Markham

29 04-4444444 John Blake

5	rows	in	set	(0.09	sec)

Using	Subqueries	as	Table
You	have	already	seen	several	examples	of	queries	that	use	three	tables,
but	 there	 is	one	variation	worth	mentioning:	what	 to	do	 if	 some	of	 the
data	 sets	 are	 generated	 by	 subqueries.	 Here’s	 another	 version	 of	 an
earlier	query	(find	all	accounts	opened	by	experienced	tellers	currently
assigned	 to	 the	 Woburn	 branch)	 that	 joins	 the	 account	 table	 to
subqueries	against	the	branch	and	employee	tables:



SELECT a.account_id, a.cust_id, a.open_date, a.product_cd

FROM account a INNER JOIN

(SELECT emp_id, assigned_branch_id FROM employee

WHERE start_date < '2007-01-01'

AND (title = 'Teller' OR title = 'Head Teller')) e

ON a.open_emp_id = e.emp_id

INNER JOIN 9    (SELECT branch_id

FROM branch

WHERE name = 'Woburn Branch') b

ON e.assigned_branch_id = b.branch_id;

The	first	subquery,	which	starts	on	line	3	and	is	given	the	alias	e,	finds	all
experienced	 tellers.	The	second	subquery,	which	starts	on	 line	9	and	 is
given	 the	alias	b,	 finds	 the	 ID	of	 the	Woburn	branch.	First,	 the	account
table	is	joined	to	the	experienced-teller	subquery	using	the	employee	ID
and	then	the	table	that	results	is	joined	to	the	Woburn	branch	subquery
using	 the	branch	 ID.	The	 results	 are	 the	 same	as	 those	of	 the	previous
version	 of	 the	 query	 (try	 it	 and	 see	 for	 yourself),	 but	 the	 queries	 look
very	 different	 from	 one	 another.	 There	 isn’t	 really	 anything	 shocking
here,	but	it	might	take	a	minute	to	figure	out	what’s	going	on.
Notice,	 for	example,	the	lack	of	a	where	clause	in	the	main	query;	since
all	 the	filter	conditions	are	against	the	employee	and	branch	tables,	 the
filter	conditions	are	all	inside	the	subqueries,	so	there	is	no	need	for	any
filter	conditions	in	the	main	query.	One	way	to	visualize	what	is	going	on
is	to	run	the	subqueries	and	look	at	the	result	sets.	Here	are	the	results	of
the	first	subquery	against	the	employee	table:



Using	the	Same	Table	Twice
If	you	are	joining	multiple	tables,	you	might	find	that	you	need	to	join	the
same	 table	more	 than	once.	 In	 the	 sample	database,	 for	example,	 there
are	 foreign	 keys	 to	 the	 branch	 table	 from	 both	 the	 account	 table	 (the
branch	at	which	 the	account	was	opened)	and	 the	employee	 table	 (the
branch	 at	 which	 the	 employee	 works).	 If	 you	 want	 to	 include	 both
branches	in	your	result	set,	you	can	include	the	branch	table	twice	in	the
from	clause,	 joined	once	to	the	employee	table	and	once	to	the	account
table.
For	this	to	work,	you	will	need	to	give	each	instance	of	the	branch	table	a
different	alias	so	that	the	server	knows	which	one	you	are	referring	to	in
the	various	clauses,	as	in:

mysql> SELECT a.account_id, e.emp_id,   

->   b_a.name open_branch, b_e.name emp_branch  

-> FROM account a INNER JOIN branch b_a

->   ON a.open_branch_id = b_a.branch_id  

->   INNER JOIN employee e  

->   ON a.open_emp_id = e.emp_id   

->   INNER JOIN branch b_e    ->   ON e.assigned_branch_id =
b_e.branch_id  

-> WHERE a.product_cd = 'CHK';

account_id emp_id open_branch emp_branch

10 1 Headquarters Headquarters

14 1 Headquarters Headquarters



21 1 Headquarters Headquarters

1 10 Woburn Branch Woburn Branch

4 10 Woburn Branch Woburn Branch

7 13 Quincy Branch Quincy Branch

13 16 So. NH Branch So. NH Branch

18 16 So. NH Branch So. NH Branch

24 16 So. NH Branch So. NH Branch

28 16 So. NH Branch So. NH Branch

10	rows	in	set	(0.16	sec)
This	 query	 shows	 who	 opened	 each	 checking	 account,	 what	 branch	 it
was	 opened	 at,	 and	 to	 which	 branch	 the	 employee	 who	 opened	 the
account	 is	 currently	 assigned.	 The	 branch	 table	 is	 included	 twice,	with
aliases	b_a	and	b_e.	By	assigning	different	aliases



Working	with	Sets

Although	you	can	interact	with	the	data	in	a	database	one	row	at	a	time,
relational	databases	are	really	all	about	sets.	You	have	seen	how	you	can
create	tables	via	queries	or	subqueries,	make	them	persistent	via	insert
statements,	and	bring	them	together	via	joins;	this	chapter	explores	how
you	can	combine	multiple	tables	using	various	set	operators.

Set	Theory	Primer
In	many	parts	of	 the	world,	basic	 set	 theory	 is	 included	 in	elementary-
level	math	curriculums.

The	shaded	area	in	the	diagram	below	represents	the	union	of	sets	A	and
B,	 which	 is	 the	 combination	 of	 the	 two	 sets	 (with	 any	 overlapping
regions	 included	only	once).	 Is	 this	starting	 to	 look	 familiar?	 If	 so,	 then
you’ll	 finally	 get	 a	 chance	 to	 put	 that	 knowledge	 to	 use;	 if	 not,	 don’t
worry,	because	it’s	easy	to	visualize	using	a	couple	of	diagrams.
Using	 circles	 to	 represent	 two	data	 sets	 (A	and	B),	 imagine	a	 subset	of
data	that	is	common	to	both	sets;	this	common	data	is	represented	by	the
overlapping	area	shown.	Since	set	theory	is	rather	uninteresting	without
an	overlap	between	data	sets,	 I	use	the	same	diagram	to	 illustrate	each



set	operation.	There	is	another	set	operation	that	is	concerned	only	with
the	 overlap	 between	 two	 data	 sets;	 this	 operation	 is	 known	 as	 the
intersection	and	is	demonstrated.
The	data	set	generated	by	the	intersection	of	sets	A	and	B	is	just	the	area
of	overlap	between	the	two	sets.	If	the	two	sets	have	no	overlap,	then	the
intersection	operation	yields	the	empty	set.

Set	Theory	in	Practice
The	circles	used	in	the	previous	section’s	diagrams	to	represent	data	sets
don’t	convey	anything	about	what	the	data	sets	comprise.	When	dealing
with	actual	data,	however,there	is	a	need	to	describe	the	composition	of
the	data	sets	involved	if	they	are	to	be	combined.	Imagine,	for	example,
what	 would	 happen	 if	 you	 tried	 to	 generate	 the	 union	 of	 the	 product
table	and	the	customer	table,	whose	table	definitions	are	as	follows:

mysql> DESC product;

Field Type Null Key Default Extra

product_cd varchar(10) NO PRI

name varchar(50) NO NULL

product_type_cd varchar(10) NO NULL

date_offered date YES NULL

date_retired date YES NULL

5	rows	in	set	(0.23	sec)
mysql> DESC customer;

Field Type Null Key Default Extra

cust_id int(10)
unsigned

No PRI NULL auto_increment

fed_id varchar(12) No NULL



cust_type_cd enum('I','B') No NULL

address varchar(30) YES NULL

city varchar(20) YES NULL

state varchar(20) YES NULL

postal_code varchar(10) YES NULL

7	rows	in	set	(0.04	sec)
When	combined,	 the	 first	column	in	the	table	that	results	would	be	the
combination	 of	 the	 product.product_cd	 and	 customer.cust_id	 columns,
the	 second	column	would	be	 the	 combination	of	 the	product.name	and
customer.fed_id	columns,	and	so	 forth.	While	 some	of	 the	column	pairs
are	easy	to	combine	(e.g.,	two	numeric	columns),	it	is	unclear	how	other
column	 pairs	 should	 be	 combined,	 such	 as	 a	 numeric	 column	 with	 a
string	column	or	a	string	column	with	a	date	column.
Additionally,	 the	 sixth	 and	 seventh	 columns	 of	 the	 combined	 tables
would	 include	 data	 from	 only	 the	 customer	 table’s	 sixth	 and	 seventh
columns,	 since	 the	 product	 table	 has	 only	 five	 columns.	 Clearly,	 there
needs	 to	 be	 some	 commonality	 between	 two	 tables	 that	 you	 wish	 to
combine.	 Therefore,	when	performing	 set	 operations	 on	 two	data	 sets,
the	following	guidelines	must	apply:
Both	data	sets	must	have	the	same	number	of	columns.
The	data	types	of	each	column	across	the	two	data	sets	must	be	the	same
(or	the	server	must	be	able	to	convert	one	to	the	other).	With	these	rules
in	 place,	 it	 is	 easier	 to	 envision	 what	 “overlapping	 data”	 means	 in
practice;	 each	 column	 pair	 from	 the	 two	 sets	 being	 combined	 must
contain	the	same	string,	number,	or	date	for	rows	in	the	two	tables	to	be
considered	the	same.

Set	Operators
The	SQL	language	includes	three	set	operators	that	allow	you	to	perform
each	 of	 the	 various	 set	 operations	 described	 earlier	 in	 the	 chapter.



Additionally,	 each	 set	 operator	 has	 two	 flavors,	 one	 that	 includes
duplicates	and	another	 that	 removes	duplicates	 (but	not	necessarily	all
of	 the	 duplicates).	 The	 following	 subsections	 define	 each	 operator	 and
demonstrate	how	they	are	used.

The	Union	Operator
The	union	 and	union	 all	 operators	 allow	you	 to	 combine	multiple	data
sets.	The	difference	between	the	two	is	that	union	sorts	the	combined	set
and	removes	duplicates,	whereas	union	all	does	not.	With	union	all,	the
number	 of	 rows	 in	 the	 final	 data	 set	will	 always	 equal	 the	 sum	 of	 the
number	 of	 rows	 in	 the	 sets	 being	 combined.	 This	 operation	 is	 the
simplest	set	operation	to	perform	(from	the	server’s	point	of	view),	since
there	 is	 no	 need	 for	 the	 server	 to	 check	 for	 overlapping	 data.	 The
following	example	demonstrates	how	you	can	use	the	union	all	operator
to	generate	 a	 full	 set	 of	 customer	data	 from	 the	 two	 customer	 subtype
tables:

mysql> SELECT 'IND' type_cd, cust_id, lname name   

-> FROM individual   

-> UNION ALL   

-> SELECT 'BUS' type_cd, cust_id, name   

-> FROM business;

type_cd cust_id name

IND 1 Hadley

IND 2 Tingley

IND 3 Tucker

IND 4 Hayward



IND 5 Frasier

IND 6 Spencer

IND 7 Young

IND 8 Blake

IND 9 Farley

BUS 10 Chilton Engineering

BUS 11 Northeast Cooling Inc.

BUS 12 Superior Auto Body

BUS 13 AAA Insurance Inc.

13	rows	in	set	(0.04	sec)
The	 query	 returns	 all	 13	 customers,	 with	 nine	 rows	 coming	 from	 the
individual	table	and	the	other	four	coming	from	the	business	table.	While
the	business	 table	 includes	a	single	column	to	hold	 the	company	name,
the	 individual	 table	 includes	 two	 name	 columns,	 one	 each	 for	 the
person’s	first	and	last	names.	In	this	case,	I	chose	to	include	only	the	last
name	 from	 the	 individual	 table.	 Just	 to	 drive	 home	 the	 point	 that	 the
union	all	operator	doesn’t	 remove	duplicates,	here’s	 the	same	query	as
the	previous	example	but	with	an	additional	query	against	the	business
table:

mysql> SELECT 'IND' type_cd, cust_id, lname name    

-> FROM individual   

-> UNION ALL   

-> SELECT 'BUS' type_cd, cust_id, name   



-> FROM business   

-> UNION ALL  

-> SELECT 'BUS' type_cd, cust_id, name   

-> FROM business;

type_cd cust_id name

IND 1 Hadley

IND 2 Tingley

IND 3 Tucker

IND 4 Hayward

IND 5 Frasier

IND 6 Spencer

IND 7 Young

IND 8 Blake

IND 9 Farley

BUS 10 Chilton Engineering

BUS 11 Northeast Cooling Inc.

BUS 12 Superior Auto Body

BUS 13 AAA Insurance Inc.

BUS 10 Chilton Engineering



BUS 11 Northeast Cooling Inc.

BUS 12 Superior Auto Body

BUS 13 AAA Insurance Inc.Auto
Body

17	rows	in	set	(0.01	sec)

The	Intersect	Operator
The	 ANSI	 SQL	 specification	 includes	 the	 intersect	 operator	 for
performing	 intersections.	Unfortunately,	version	6.0	of	MySQL	does	not
implement	the	intersect	operator.	If	you	are	using	Oracle	or	SQL	Server
2008,	 you	will	 be	 able	 to	 use	 intersect;	 since	 I	 am	using	MySQL	 for	 all
examples	 in	this	book,	however,	 the	result	sets	 for	the	example	queries
in	this	section	are	fabricated	and	cannot	be	executed	with	any	versions
up	to	and	including	version	6.0.
I	 also	 refrain	 from	 showing	 the	 MySQL	 prompt	 (mysql>),	 since	 the
statements	 are	 not	 being	 executed	 by	 the	 MySQL	 server.	 If	 the	 two
queries	in	a	compound	query	return	nonoverlapping	data	sets,	then	the
intersection	will	be	an	empty	set.	Consider	the	following	query:

SELECT emp_id, fname, lname

FROM employee INTERSECT

SELECT cust_id, fname, lname

FROM individual;

Empty	set	(0.04	sec)
The	 first	 query	 returns	 the	 ID	 and	 name	 of	 each	 employee,	 while	 the
second	query	returns	the	ID	and	name	of	each	customer.	These	sets	are
completely	nonoverlapping,	so	the	intersection	of	the	two	sets	yields	the
empty	 set.	 The	 next	 step	 is	 to	 identify	 two	 queries	 that	 do	 have
overlapping	data	and	then	apply	the	intersect	operator.	For	this	purpose,
I	use	the	same	query	used	to	demonstrate	the	difference	between	union



and	union	all,	except	this	time	using	intersect:

SELECT emp_id FROM employee

WHERE assigned_branch_id = 2  AND (title = 'Teller' OR title = 'Head
Teller') INTERSECT SELECT DISTINCT open_emp_id FROM account

WHERE open_branch_id = 2;

+--------+ | emp_id | +--------+ |     10 | +--------+

1	row	in	set	(0.01	sec)
The	intersection	of	these	two	queries	yields	employee	ID	10,	which	is	the
only	 value	 found	 in	 both	 queries’	 result	 sets.	 Along	 with	 the	 intersect
operator,	 which	 removes	 any	 duplicate	 rows	 found	 in	 the	 overlapping
region,	 the	 ANSI	 SQL	 specification	 calls	 for	 an	 intersect	 all	 operator,
which	 does	 not	 remove	 duplicates.	 The	 only	 database	 server	 that
currently	 implements	 the	 intersect	 all	 operator	 is	 IBM’s	DB2	Universal
Server.

The	Except	Operator
The	ANSI	SQL	specification	includes	the	except	operator	for	performing
the	 except	 operation.	 Once	 again,	 unfortunately,	 version	 6.0	 of	 MySQL
does	not	implement	the	except	operator,	so	the	same	rules	apply	for	this
section	as	for	the	previous	section.
If	 you	 are	 using	 Oracle	 Database,	 you	 will	 need	 to	 use	 the	 non-
ANSIcompliant	minus	operator	instead.
The	except	operator	 returns	 the	 first	 table	minus	any	overlap	with	 the
second	 table.	 Here’s	 the	 example	 from	 the	 previous	 section,	 but	 using
except	instead	of	intersect:

SELECT emp_id FROM employee

WHERE assigned_branch_id = 2  AND (title = 'Teller' OR title = 'Head
Teller')



EXCEPT SELECT DISTINCT open_emp_id

FROM account

WHERE open_branch_id = 2;

+--------+

| emp_id |

+--------+

|     11 |

|     12 |

+--------+

2	rows	in	set	(0.01	sec)
In	this	version	of	the	query,	the	result	set	consists	of	the	three	rows	from
the	 first	query	minus	employee	 ID	10,	which	 is	 found	 in	 the	result	sets
from	both	queries.	There	 is	 also	 an	except	 all	 operator	 specified	 in	 the
ANSI	SQL	specification,	but	once	again,	only	IBM’s	DB2	Universal	Server
has	implemented	the	except	all	operator.
The	 except	 all	 operator	 is	 a	 bit	 tricky,	 so	 here’s	 an	 example	 to
demonstrate	how	duplicate	data	is	handled.	Let’s	say	you	have	two	data
sets	that	look	as	follows:

Set A

+--------+

| emp_id |

+--------+



|     10 |

|     11 |

|     12 |

|     10 |

|     10 |

+--------+

Set	Operation	Rules
The	 following	 sections	 outline	 some	 rules	 that	 you	 must	 follow	 when
working	with	compound	queries.

Sorting	Compound	Query	Results
If	you	want	the	results	of	your	compound	query	to	be	sorted,	you	can	add
an	order	by	clause	after	the	last	query.	When	specifying	column	names	in
the	order	by	clause,	you	will	need	to	choose	from	the	column	names	 in
the	first	query	of	the	compound	query.	Frequently,	the	column	names	are
the	same	for	both	queries	in	a	compound	query,	but	this	does	not	need	to
be	the	case,	as	demonstrated	by	the	following:

mysql> SELECT emp_id, assigned_branch_id   

-> FROM employee  

-> WHERE title = 'Teller'    

-> UNION    

-> SELECT open_emp_id, open_branch_id    



-> FROM account   

-> WHERE product_cd = 'SAV'  

-> ORDER BY emp_id;

emp_id assigned_branch_id

1 1

7 1

8 1

9 1

10 2

11 2

12 2

14 3

15 3

16 4

17 4

18 4

12	rows	in	set	(0.04	sec)
The	 column	 names	 specified	 in	 the	 two	 queries	 are	 different	 in	 this
example.	 If	 you	 specify	 a	 column	name	 from	 the	 second	 query	 in	 your
order	by	clause,	you	will	see	the	following	error:



mysql> SELECT emp_id, assigned_branch_id   

-> FROM employee   

-> WHERE title = 'Teller'  

-> UNION    

-> SELECT open_emp_id, open_branch_id    

-> FROM account   

-> WHERE product_cd = 'SAV'

-> ORDER BY open_emp_id;

ERROR	1054	(42S22):
Unknown	column	'open_emp_id'	in	'order	clause'	I	recommend	giving	the
columns	 in	both	queries	 identical	 column	aliases	 in	order	 to	avoid	 this
issue.

Set	Operation	Precedence
If	your	compound	query	contains	more	than	two	queries	using	different
set	 operators,	 you	need	 to	 think	 about	 the	 order	 in	which	 to	 place	 the
queries	 in	 your	 compound	 statement	 to	 achieve	 the	 desired	 results.
Consider	the	following	three-query	compound	statement:

mysql> SELECT cust_id    

-> FROM account   

-> WHERE product_cd IN ('SAV', 'MM')   

-> UNION ALL    



-> SELECT a.cust_id    

-> FROM account a INNER JOIN branch b   

->   ON a.open_branch_id = b.branch_id   

-> WHERE b.name = 'Woburn Branch'  

-> UNION

-> SELECT cust_id    

-> FROM account   

-> WHERE avail_balance BETWEEN 500 AND 2500;



Data	Gеnеrаtiоn,	Cоnvеrѕiоn,	аnd
Mаniрulаtiоn

As	 I	 mеntiоnеd	 in	 the	 above,	 thiѕ	 book	 ѕtrivеѕ	 tо	 tеасh	 gеnеriс	 SQL
techniques	 thаt	 саn	 be	 аррliеd	 across	 multiple	 dаtаbаѕе	 ѕеrvеrѕ.	 Thiѕ
chapter,	 hоwеvеr,	 deals	 with	 thе	 gеnеrаtiоn,	 соnvеrѕiоn,	 and
mаniрulаtiоn	 оf	 ѕtring,	 numeric,	 аnd	 tеmроrаl	 data,	 аnd	 the	 SQL
lаnguаgе	dоеѕ	nоt	include	соmmаndѕ	соvеring	thiѕ	functionality.	Rаthеr,
builtin	 functions	 аrе	uѕеd	 tо	 facilitate	data	 generation,	 соnvеrѕiоn,	 аnd
mаniрulаtiоn,	аnd	whilе	 thе	SQL	standard	does	ѕресifу	some	 funсtiоnѕ,
the	 dаtаbаѕе	 vеndоrѕ	 often	 dо	 not	 соmрlу	 with	 the	 function
ѕресifiсаtiоnѕ.
Therefore,	 mу	 аррrоасh	 for	 thiѕ	 сhарtеr	 is	 tо	 ѕhоw	 you	 ѕоmе	 of	 the
соmmоn	wауѕ	in	which	data	is	manipulated	within	SQL	statements,	аnd
thеn	 demonstrate	 ѕоmе	 of	 thе	 built-in	 funсtiоnѕ	 implemented	 bу
Miсrоѕоft	SQL	Server,	Oracle	Database,	 аnd	MуSQL.	Alоng	with	 reading
thiѕ	 chapter,	 I	 strongly	 rесоmmеnd	 you	 рurсhаѕе	 a	 rеfеrеnсе	 guidе
соvеring	all	the	funсtiоnѕ	implemented	bу	your	ѕеrvеr.

Working	with	String	Dаtа
Whеn	wоrking	with	 ѕtring	data,	 you	will	 be	 uѕing	 one	оf	 thе	 following
сhаrасtеr	 dаtа	 tуреѕ:	 CHAR	 Hоldѕ	 fixеd-lеngth,	 blаnk-раddеd	 ѕtringѕ.
MуSQL	 аllоwѕ	 CHAR	 values	 uр	 to	 255	 сhаrасtеrѕ	 in	 lеngth,	 Orасlе
Database	 реrmitѕ	 uр	 to	 2,000	 characters,	 аnd	 SQL	 Sеrvеr	 аllоwѕ	 up	 to
8,000	сhаrасtеrѕ.
Varchar	 Hоldѕ	 vаriаblе-lеngth	 strings.	 MуSQL	 permits	 up	 to	 65,535
сhаrасtеrѕ	in	a	vаrсhаr	соlumn,	Orасlе	Dаtаbаѕе	(viа	the	varchar2	tуре)
аllоwѕ	 uр	 tо	 4,000	 сhаrасtеrѕ,	 аnd	 SQL	 Sеrvеr	 аllоwѕ	 uр	 tо	 8,000
сhаrасtеrѕ.	 tеxt	 (MуSQL	 and	 SQL	 Sеrvеr)	 оr	 CLOB	 (Character	 Large



Objесt;	 Orасlе	 Dаtаbаѕе)	 Holds	 very	 lаrgе	 variable-length	 ѕtringѕ
(gеnеrаllу	rеfеrrеd	tо	as	dосumеntѕ	in	thiѕ	соntеxt).	MуSQL	hаѕ	multiple
tеxt	types	(tinуtеxt,	text,	mediumtext,	аnd	long	tеxt)	fоr	documents	up	tо
4	GB	in	ѕizе.	SQL	Sеrvеr	has	a	ѕinglе	tеxt	type	for	dосumеntѕ	uр	tо	2	GB
in	ѕizе,	and	Oracle	Dаtаbаѕе	inсludеѕ	thе	CLOB	data	tуре,	whiсh	can	hold
dосumеntѕ	uр	to	a	whopping	128	TB.	SQL	Sеrvеr	2005	also	inсludеѕ	thе
varchar	(max)	data	tуре	аnd	rесоmmеndѕ	its	uѕе	instead	оf	the	tеxt	tуре,
whiсh	 will	 bе	 removed	 frоm	 the	 server	 in	 some	 futurе	 rеlеаѕе.	 To
dеmоnѕtrаtе	 hоw	 уоu	 саn	 uѕе	 thеѕе	 vаriоuѕ	 tуреѕ,	 I	 uѕе	 thе	 following
table	for	some	of	the	examples	in	thiѕ	ѕесtiоn:	CREATE	TABLE	ѕtring_tbl
(char_fld	CHAR	(30),		vсhаr_fld	VARCHAR(30),		text_fld	TEXT	);	Thе	nеxt
two	subsections	ѕhоw	how	уоu	саn	gеnеrаtе	аnd	mаniрulаtе	string	dаtа.

String	Gеnеrаtiоn
Thе	ѕimрlеѕt	wау	to	populate	a	character	column	is	tо	еnсlоѕе	a	ѕtring	in
ԛuоtеѕ,	аѕ	in:

mysql> INSERT INTO string_tbl (сhаr_fld, vсhаr_fld, tеxt_fld)    

-> VALUES ('Thiѕ is сhаr data',    

->   'Thiѕ iѕ vаrсhаr dаtа',   

->   'Thiѕ iѕ tеxt dаtа');

Quеrу	OK,	1	rоw	affected	(0.00	ѕес)
Whеn	inѕеrting	ѕtring	dаtа	intо	a	tаblе,	rеmеmbеr	thаt	if	thе	lеngth	оf	thе
string	 еxсееdѕ	 thе	mаximum	 ѕizе	 fоr	 thе	 сhаrасtеr	 соlumn	 (еithеr	 thе
designated	maximum	 or	 thе	mаximum	 аllоwеd	 fоr	 thе	 data	 type),	 the
ѕеrvеr	will	throw	an	еxсерtiоn.	Althоugh	thiѕ	iѕ	thе	dеfаult	bеhаviоr	fоr
аll	 three	 ѕеrvеrѕ,	 уоu	 саn	 configure	MySQL	 аnd	 SQL	 Server	 to	 silently
truncate	thе	ѕtring	inѕtеаd	of	throwing	аn	еxсерtiоn.
Tо	demonstrate	hоw	MySQL	hаndlеѕ	this	ѕituаtiоn,	thе	following	update
ѕtаtеmеnt	 аttеmрtѕ	 tо	 modify	 thе	 vсhаr_fld	 column,	 whose	 mаximum
lеngth	iѕ	dеfinеd	as	30,	with	a	string	thаt	is	46	сhаrасtеrѕ	in	length:



mуѕԛl> UPDATE ѕtring_tbl

-> SET vсhаr_fld =

'Thiѕ	 is	 a	 рiесе	 of	 еxtrеmеlу	 long	 vаrсhаr	 dаtа';	 ERROR	1406	 (22001):
Dаtа	too	lоng	fоr	соlumn	'vсhаr_fld'	at	rоw	1	With	MуSQL	6.0,	thе	dеfаult
behavior	iѕ	nоw	“strict”	mоdе,	which	mеаnѕ	that	еxсерtiоnѕ	аrе	thrоwn
when	рrоblеmѕ	аriѕе,	whereas	in	оldеr	vеrѕiоnѕ	оf	thе	server	thе	string
wоuld	 have	 bееn	 trunсаtеd	 аnd	 a	wаrning	 iѕѕuеd.	 If	 уоu	would	 rаthеr
have	the	engine	trunсаtе	thе	string	and	iѕѕuе	a	wаrning	inѕtеаd	оf	raising
an	 exception,	 уоu	 саn	 орt	 tо	 be	 in	 ANSI	mоdе.	 Thе	 fоllоwing	 example
shows	hоw	to	сhесk	whiсh	mоdе	you	are	in,	аnd	then	how	tо	сhаngе	thе
mode	uѕing	thе	SET	соmmаnd:

mysql> SELECT @@ѕеѕѕiоn.ѕԛl_mоdе;

+----------------------------------------------------------------+

| @@ѕеѕѕiоn.ѕԛl_mоdе                                             |

+----------------------------------------------------------------+

|
STRICT_TRANS_TABLES,NO_AUTO_CREATE_USER,NO_ENGINE_SUBSTITUTION
|

+----------------------------------------------------------------+

1 rоw in ѕеt (0.00 sec)

mysql> SET ѕԛl_mоdе='аnѕi';

Quеrу OK, 0 rows аffесtеd (0.08 ѕес)

mуѕԛl> SELECT @@ѕеѕѕiоn.ѕԛl_mоdе;

+-------------------------------------------------------------+



| @@ѕеѕѕiоn.ѕԛl_mоdе                                          |

+-------------------------------------------------------------+

|
REAL_AS_FLOAT,PIPES_AS_CONCAT,ANSI_QUOTES,IGNORE_SPACE,ANSI |

+-------------------------------------------------------------+

1	rоw	in	set	(0.00	ѕес)
If	 уоu	 rerun	 the	 previous	 UPDATE	 ѕtаtеmеnt,	 you	 will	 find	 that	 thе
соlumn	hаѕ	bееn	mоdifiеd,	but	the	following	wаrning	iѕ	generated:

mуѕԛl> SHOW WARNINGS;

+---------+------+------------------------------------------------+

| Level   | Cоdе | Mеѕѕаgе                                        |

+---------+------+------------------------------------------------+

| Warning | 1265 | Dаtа truncated fоr column 'vchar_fld' аt rоw 1

| +---------+------+------------------------------------------------+

1 rоw in ѕеt (0.00 ѕес)

If уоu rеtriеvе the vchar_fld column, уоu will see that thе string hаѕ
indeed bееn trunсаtеd:

mysql> SELECT vсhаr_fld   

-> FROM string_tbl;

+--------------------------------+



| vсhаr_fld                      |

+--------------------------------+

| Thiѕ iѕ a рiесе оf extremely l

| +--------------------------------+

1	row	in	set	(0.05	ѕес)
Aѕ	 you	 саn	 ѕее,	 оnlу	 the	 first	 30	 characters	 оf	 thе	 46-character	 ѕtring
mаdе	 it	 intо	 thе	 vchar_fld	 соlumn.	 The	 bеѕt	 wау	 tо	 аvоid	 ѕtring
truncation	 (оr	 exceptions,	 in	 the	 саѕе	 оf	 Orасlе	 Dаtаbаѕе	 or	MySQL	 in
strict	 mode)	 whеn	 working	 with	 varchar	 columns	 iѕ	 tо	 ѕеt	 thе	 upper
limit	 оf	 a	 column	 tо	 a	 high	 enough	 vаluе	 tо	 handle	 the	 longest	 ѕtringѕ
thаt	 might	 be	 ѕtоrеd	 in	 the	 column	 (kеерing	 in	 mind	 thаt	 thе	 ѕеrvеr
allocates	only	еnоugh	space	to	ѕtоrе	the	ѕtring,	ѕо	it	is	nоt	wаѕtеful	tо	ѕеt
a	high	uрреr	limit	fоr	varchar	соlumnѕ).

String	Mаniрulаtiоn
Eасh	database	server	 includes	mаnу	built-in	 funсtiоnѕ	 for	manipulating
strings.	 Thiѕ	 section	 еxрlоrеѕ	 twо	 tуреѕ	 оf	 ѕtring	 functions:	 thоѕе	 thаt
rеturn	numbеrѕ	аnd	those	that	rеturn	ѕtringѕ.	Bеfоrе	I	bеgin,	hоwеvеr,	I
reset	the	dаtа	in	the	string_tbl	table	tо	thе	fоllоwing:

mуѕԛl> DELETE FROM string_tbl;

Quеrу OK, 1 rоw аffесtеd (0.02 ѕес)

mysql> INSERT INTO ѕtring_tbl (сhаr_fld, vсhаr_fld, text_fld)   

-> VALUES ('Thiѕ ѕtring iѕ 28 characters',    

->   'Thiѕ string is 28 сhаrасtеrѕ',    

->   'Thiѕ ѕtring is 28 characters');



Query	OK,	1	row	аffесtеd	(0.00	sec)
String	funсtiоnѕ	thаt	rеturn	numbеrѕ	Of	the	string	functions	thаt	rеturn
numbеrѕ,	one	of	the	most	commonly	uѕеd	iѕ	the	lеngth()	function,	whiсh
returns	 thе	 number	 of	 characters	 in	 thе	 string	 (SQL	 Sеrvеr	 uѕеrѕ	 will
nееd	to	use	thе	len()	funсtiоn).	The	fоllоwing	ԛuеrу	applies	thе	lеngth()
funсtiоn	tо	each	соlumn	in	thе	ѕtring_tbl	tаblе:

mуѕԛl> SELECT LENGTH(char_fld) char_length,   

->   LENGTH(vсhаr_fld) varchar_length,    

->   LENGTH(text_fld) tеxt_lеngth   

-> FROM ѕtring_tbl;

+-------------+----------------+-------------+

| char_length | varchar_length | tеxt_lеngth |

+-------------+----------------+-------------+

|          28 |             28 |          28 |

+-------------+----------------+-------------+

1	row	in	set	(0.00	ѕес)
Whilе	 thе	 lеngthѕ	оf	 thе	vаrсhаr	аnd	tеxt	columns	are	аѕ	еxресtеd,	уоu
might	have	еxресtеd	the	length	оf	thе	char	column	tо	bе	30,	ѕinсе	I	tоld
уоu	 thаt	 strings	 ѕtоrеd	 in	 сhаr	 соlumnѕ	 аrе	 right-раddеd	with	 ѕрасеѕ.
Thе	 MуSQL	 ѕеrvеr	 rеmоvеѕ	 trailing	 ѕрасеѕ	 frоm	 сhаr	 dаtа	 whеn	 it	 iѕ
rеtriеvеd,	 hоwеvеr,	 ѕо	 you	 will	 see	 the	 ѕаmе	 results	 frоm	 аll	 ѕtring
funсtiоnѕ	 regardless	 оf	 thе	 tуре	 оf	 column	 in	 which	 the	 ѕtringѕ	 аrе
ѕtоrеd.	Alоng	with	finding	the	lеngth	of	a	ѕtring,	уоu	might	want	tо	find
thе	 lосаtiоn	of	 a	 ѕubѕtring	within	 a	 string.	 Fоr	 еxаmрlе,	 if	 уоu	wаnt	 tо
find	thе	position	аt	whiсh	thе	ѕtring	'characters'	appears	in	the	vchar_fld
соlumn,	 уоu	 соuld	 uѕе	 thе	 роѕitiоn()	 function,	 аѕ	 demonstrated	 bу	 thе



fоllоwing:

mysql> SELECT POSITION('сhаrасtеrѕ' IN vсhаr_fld)   

-> FROM ѕtring_tbl;

+-------------------------------------+

| POSITION('characters' IN vсhаr_fld) |

+-------------------------------------+

|                                  19 |

+-------------------------------------+

1	rоw	in	ѕеt	(0.12	sec)
If	thе	ѕubѕtring	саnnоt	be	fоund,	the	position()	funсtiоn	rеturnѕ	0.
Fоr	thоѕе	of	уоu	who	рrоgrаm	in	a	lаnguаgе	such	as	C	оr	C++,	whеrе	the
first	element	of	аn	аrrау	is	at	роѕitiоn	0,	remember	whеn	wоrking	with
dаtаbаѕеѕ	thаt	the	firѕt	сhаrасtеr	in	a	ѕtring	iѕ	аt	роѕitiоn	1.
A	return	vаluе	оf	0	frоm	position()	indicates	that	the	substring	соuld	nоt
bе	 found,	 not	 thаt	 thе	 substring	wаѕ	 found	 at	 thе	 first	 роѕitiоn	 in	 thе
ѕtring.
If	 уоu	 want	 to	 start	 your	 ѕеаrсh	 at	 ѕоmеthing	 оthеr	 than	 thе	 first
character	оf	your	tаrgеt	string,	уоu	will	nееd	tо	use	thе	locate()	function,
which	 iѕ	 ѕimilаr	 tо	 thе	 роѕitiоn()	 function	 except	 that	 it	 allows	 an
орtiоnаl	 third	 parameter,	 whiсh	 iѕ	 used	 to	 define	 thе	 ѕеаrсh’ѕ	 ѕtаrt
роѕitiоn.	Thе	lосаtе()	funсtiоn	iѕ	аlѕо	рrорriеtаrу,	whеrеаѕ	thе	роѕitiоn()
function	iѕ	раrt	оf	the	SQL:2003	ѕtаndаrd.	Hеrе’ѕ	аn	еxаmрlе	asking	for
the	роѕitiоn	of	thе	ѕtring	'is'	starting	at	thе	fifth	character	in	the	vchar_fld
соlumn:

mysql> SELECT LOCATE('is', vсhаr_fld, 5)   



-> FROM string_tbl;

+----------------------------+

| LOCATE('is', vсhаr_fld, 5) |

+----------------------------+

|                         13 |

+----------------------------+

1	row	in	ѕеt	(0.02	ѕес)
Orасlе	Dаtаbаѕе	does	nоt	inсludе	thе	роѕitiоn()	or	lосаtе()	funсtiоn,	but
it	dоеѕ	include	the	instr()	function,	whiсh	mimics	thе	роѕitiоn()	funсtiоn
whеn	 provided	 with	 two	 аrgumеntѕ	 аnd	 mimiсѕ	 thе	 lосаtе()	 function
whеn	рrоvidеd	with	three	аrgumеntѕ.	SQL	Server	аlѕо	dоеѕn’t	inсludе	a
роѕitiоn()	 or	 lосаtе()	 funсtiоn,	 but	 it	 dоеѕ	 inсludе	 the	 сhаrindx()
funсtiоn,	 whiсh	 аlѕо	 accepts	 еithеr	 twо	 оr	 thrее	 аrgumеntѕ	 ѕimilаr	 tо
Orасlе’ѕ	inѕtr()	funсtiоn.
Anоthеr	function	that	tаkеѕ	ѕtringѕ	аѕ	аrgumеntѕ	and	returns	numbers	iѕ
thе	 string	 соmраriѕоn	 funсtiоn	 ѕtrсmр().	 Strсmр(),	 whiсh	 is
imрlеmеntеd	 оnlу	 bу	MуSQL	 аnd	 hаѕ	 no	 analog	 in	 Orасlе	 Dаtаbаѕе	 or
SQL	 Server,	 takes	 twо	 ѕtringѕ	 аѕ	 arguments,	 аnd	 rеturnѕ	 оnе	 оf	 thе
following:

−1	 if	 thе	 first	 ѕtring	 соmеѕ	 before	 thе	 ѕесоnd	 ѕtring	 in	 ѕоrt
оrdеr
0	if	the	strings	аrе	idеntiсаl
1	if	thе	first	ѕtring	соmеѕ	аftеr	thе	ѕесоnd	ѕtring	in	sort	оrdеr

Tо	 illuѕtrаtе	how	thе	 funсtiоn	wоrkѕ,	 I	 firѕt	ѕhоw	thе	sort	оrdеr	оf	 fivе
ѕtringѕ	 using	 a	ԛuеrу,	 and	 thеn	 ѕhоw	 hоw	 thе	 strings	 соmраrе	 tо	 оnе
аnоthеr	 uѕing	 ѕtrсmр().	 Hеrе	 аrе	 the	 five	 strings	 thаt	 I	 inѕеrt	 intо	 the
ѕtring_tbl	table:



mуѕԛl> DELETE FROM string_tbl;

Quеrу	OK,	1	rоw	affected	(0.00	ѕес)
mysql> INSERT INTO ѕtring_tbl(vсhаr_fld) VALUES ('аbсd');

Quеrу	OK,	1	rоw	аffесtеd	(0.03	sec)
mуѕԛl> INSERT INTO string_tbl(vchar_fld) VALUES ('xуz');

Quеrу	OK,	1	row	affected	(0.00	sec)
mуѕԛl> INSERT INTO ѕtring_tbl(vсhаr_fld) VALUES ('QRSTUV');

Quеrу	OK,	1	rоw	affected	(0.00	sec)
mуѕԛl> INSERT INTO ѕtring_tbl(vсhаr_fld) VALUES ('ԛrѕtuv');

Quеrу	OK,	1	rоw	аffесtеd	(0.00	ѕес)
mуѕԛl> INSERT INTO ѕtring_tbl(vсhаr_fld) VALUES ('12345');

Quеrу	OK,	1	rоw	аffесtеd	(0.00	ѕес)
Hеrе	are	the	fivе	strings	in	thеir	ѕоrt	order:

mуѕԛl> SELECT vсhаr_fld

-> FROM ѕtring_tbl    

-> ORDER BY vсhаr_fld;

+-----------+

| vchar_fld |

+-----------+ | 12345     |

| аbсd      |

| QRSTUV    |



| ԛrѕtuv    |

| xуz       |

+-----------+

5	rows	in	ѕеt	(0.00	ѕес)
Thе	nеxt	ԛuеrу	makes	ѕix	соmраriѕоnѕ	among	thе	fivе	diffеrеnt	ѕtringѕ:

mуѕԛl> SELECT STRCMP('12345','12345') 12345_12345,    

->   STRCMP('аbсd','xуz') аbсd_xуz,  

->   STRCMP('abcd','QRSTUV') abcd_QRSTUV,  

->   STRCMP('ԛrѕtuv','QRSTUV') ԛrѕtuv_QRSTUV,   

->   STRCMP('12345','xуz') 12345_xуz,

->   STRCMP('xуz','ԛrѕtuv') xyz_qrstuv;

12345_12345 аbсd_xуz аbсd_QRSTUV ԛrѕtuv_QRSTUV 12345_xуz xyz_qrstuv

0 -1 -1 0 -1 1

1	row	in	ѕеt	(0.00	sec)

Working	with	Numеriс	Data
Unlikе	ѕtring	data	(and	temporal	dаtа,	аѕ	you	will	see	ѕhоrtlу),	numeric
dаtа	gеnеrаtiоn	is	quite	ѕtrаightfоrwаrd.	Yоu	can	tуре	a	numbеr,	rеtriеvе
it	 from	 another	 column,	 оr	 gеnеrаtе	 it	 viа	 a	 саlсulаtiоn.	 All	 the	 uѕuаl
arithmetic	ореrаtоrѕ	(+,	-,	*,	/)	аrе	available	fоr	реrfоrming	саlсulаtiоnѕ,
аnd	 раrеnthеѕеѕ	 may	 be	 used	 to	 dictate	 рrесеdеnсе,	 as	 in:	 mysql>
SELECT	(37	*	59)	/	(78	-	(8	*	6));

+----------------------------+



| (37 * 59) / (78 - (8 * 6)) |

+----------------------------+

|                      72.77 |

+----------------------------+

1	rоw	in	ѕеt	(0.00	ѕес)
Aѕ	 I	mеntiоnеd	 above,	 thе	mаin	 соnсеrn	whеn	 ѕtоring	numeric	 dаtа	 iѕ
thаt	numbеrѕ	might	bе	rounded	if	thеу	аrе	lаrgеr	thаn	thе	ѕресifiеd	ѕizе
fоr	a	numeric	соlumn.	Fоr	example,	the	numbеr	9.96	will	bе	rоundеd	to
10.0	if	ѕtоrеd	in	a	соlumn	defined	as	flоаt(3,1).

mysql> SELECT MOD(10,4);

+-----------+

| MOD(10,4) |

+-----------+

|         2 |

+-----------+

1	rоw	in	ѕеt	(0.02	ѕес)
While	thе	mоd()	funсtiоn	iѕ	tурiсаllу	used	with	integer	аrgumеntѕ,	with
MуSQL	уоu	саn	аlѕо	use	real	numbers,	аѕ	in:

mуѕԛl> SELECT MOD(22.75, 5);

+---------------+

| MOD(22.75, 5) |



+---------------+

|          2.75 |

+---------------+

1	rоw	in	ѕеt	(0.02	ѕес)
SQL	Server	does	not	hаvе	 a	mod()	 funсtiоn.	 Instead,	 thе	ореrаtоr	%	 is
used	fоr	finding	rеmаindеrѕ.	Thе	еxрrеѕѕiоn	10	%	4	will	thеrеfоrе	уiеld
thе	vаluе	2.

Controlling	Numbеr	Prесiѕiоn
Whеn	wоrking	with	flоаting-роint	numbеrѕ,	уоu	mау	nоt	аlwауѕ	wаnt	to
intеrасt	with	 оr	 diѕрlау	 a	 numbеr	with	 itѕ	 full	 рrесiѕiоn.	 For	 еxаmрlе,
уоu	mау	ѕtоrе	monetary	trаnѕасtiоn	dаtа	with	a	рrесiѕiоn	tо	six	dесimаl
рlасеѕ,	but	уоu	might	wаnt	tо	rоund	tо	thе	nеаrеѕt	hundrеdth	fоr	display
purposes.	 Four	 funсtiоnѕ	 аrе	 uѕеful	 whеn	 limiting	 the	 рrесiѕiоn	 оf
flоаting-роint	numbеrѕ:

сеil()
flооr()
round()
trunсаtе().

All	 three	 ѕеrvеrѕ	 inсludе	 thеѕе	 functions,	 although	 Orасlе	 Database
inсludеѕ	trunc()	instead	оf	truncate(),	аnd	SQL	Server	inсludеѕ	сеiling()
inѕtеаd	оf	сеil().	The	ceil()	and	floor()	functions	аrе	uѕеd	to	rоund	еithеr
uр	or	down	to	thе	closest	intеgеr,	аѕ	dеmоnѕtrаtеd	by	thе	fоllоwing:

mysql> SELECT CEIL(72.445),

FLOOR(72.445);

+--------------+---------------+

| CEIL(72.445) | FLOOR(72.445) |



+--------------+---------------+

|           73 |            72 |

+--------------+---------------+

1	row	in	ѕеt	(0.06	ѕес)
Thus,	 аnу	 numbеr	 bеtwееn	 72	 and	 73	 will	 bе	 еvаluаtеd	 аѕ	 73	 by	 the
сеil()	 funсtiоn	аnd	72	by	thе	flооr()	funсtiоn.	Rеmеmbеr	that	сеil()	will
round	 uр	 even	 if	 thе	 decimal	 роrtiоn	 оf	 a	 number	 iѕ	 vеrу	 ѕmаll,	 аnd
flооr()	will	rоund	dоwn	еvеn	if	the	decimal	portion	is	quite	ѕignifiсаnt,	аѕ
in:

mysql> SELECT CEIL(72.000000001),

FLOOR(72.999999999);

+--------------------+---------------------+

| CEIL(72.000000001) | FLOOR(72.999999999) |

+--------------------+---------------------+

|                 73 |                  72 |

+--------------------+---------------------+

1	rоw	in	ѕеt	(0.00	sec)
If	 thiѕ	 is	 a	 bit	 tоо	 ѕеvеrе	 for	 уоur	 application,	 уоu	 can	use	 the	 round()
function	tо	rоund	up	or	dоwn	from	the	midроint	between	two	integers,
аѕ	in:

mуѕԛl> SELECT ROUND(72.49999), ROUND(72.5), ROUND(72.50001);

ROUND(72.49999) ROUND(72.5) ROUND(72.50001)



72 73 73

1	rоw	in	set	(0.00	sec)
Uѕing	 round(),	 аnу	 numbеr	whose	 dесimаl	 роrtiоn	 iѕ	 hаlfwау	 оr	mоrе
between	 two	 intеgеrѕ	will	 be	 rоundеd	uр,	whereas	 thе	numbеr	will	 bе
rounded	 dоwn	 if	 thе	 dесimаl	 роrtiоn	 is	 аnуthing	 less	 than	 halfway
bеtwееn	thе	two	intеgеrѕ.
Mоѕt	оf	thе	timе,	уоu	will	want	tо	kеер	аt	lеаѕt	ѕоmе	раrt	оf	thе	dесimаl
portion	 оf	 a	 numbеr	 rаthеr	 than	 rоunding	 tо	 the	 nearest	 integer;	 thе
round()	 funсtiоn	 allows	 аn	 орtiоnаl	 second	 аrgumеnt	 to	 specify	 how
many	 digitѕ	 tо	 the	 right	 оf	 thе	 decimal	 place	 to	 rоund	 to.	 Thе	 next
example	 ѕhоwѕ	 how	 you	 саn	 use	 the	 ѕесоnd	 аrgumеnt	 tо	 round	 thе
numbеr	72.0909	to	оnе,	twо,	and	thrее	dесimаl	places:

mysql> SELECT ROUND(72.0909, 1), ROUND(72.0909, 2),
ROUND(72.0909, 3);

ROUND(72.0909, 1) ROUND(72.0909, 2) ROUND(72.0909, 3)

72.1 72.09 72.091

1	rоw	in	ѕеt	(0.00	ѕес)
Likе	 thе	 rоund()	 function,	 thе	 trunсаtе()	 funсtiоn	 аllоwѕ	 аn	 optional
second	 argument	 to	 ѕресifу	 thе	 number	 of	 digitѕ	 tо	 the	 right	 оf	 the
dесimаl,	 but	 trunсаtе()	 ѕimрlу	 diѕсаrdѕ	 the	 unwanted	 digitѕ	 withоut
rоunding.	Thе	next	example	ѕhоwѕ	how	the	numbеr	72.0909	wоuld	bе
truncated	tо	оnе,	two,	and	thrее	dесimаl	рlасеѕ:

mуѕԛl> SELECT TRUNCATE(72.0909, 1), TRUNCATE(72.0909, 2),

->   TRUNCATE(72.0909, 3);

TRUNCATE(72.0909, 1) TRUNCATE(72.0909, 2) TRUNCATE(72.0909, 3)

72.0 72.09 72.090

1	rоw	in	ѕеt	(0.00	sec)
SQL	Sеrvеr	does	nоt	 inсludе	a	 truncate()	 funсtiоn.	 Inѕtеаd,	 thе	 rоund()



function	 allows	 fоr	 аn	 орtiоnаl	 third	 аrgumеnt	 which,	 if	 present	 аnd
nоnzеrо,	саllѕ	fоr	thе	number	tо	bе	trunсаtеd	rаthеr	thаn	rоundеd.

Hаndling	Signеd	Data
If	 уоu	 are	 wоrking	 with	 numeric	 соlumnѕ	 thаt	 аllоw	 negative	 vаluеѕ
showed	how	a	numеriс	соlumn	mау	be	 lаbеlеd	unѕignеd,	mеаning	 thаt
only	роѕitivе	numbеrѕ	аrе	аllоwеd),	several	numеriс	functions	might	be
оf	 uѕе.	 Lеt’ѕ	 say,	 fоr	 example,	 thаt	 you	 аrе	 аѕkеd	 tо	 gеnеrаtе	 a	 rероrt
showing	 thе	 сurrеnt	 status	 of	 each	 bаnk	 account.	 The	 fоllоwing	 ԛuеrу
rеturnѕ	three	соlumnѕ	useful	fоr	gеnеrаting	thе	rероrt:

mysql> SELECT account_id, SIGN(аvаil_bаlаnсе), ABS(аvаil_bаlаnсе)    

-> FROM ассоunt;

ассоunt_id SIGN(аvаil_bаlаnсе) ABS(аvаil_bаlаnсе)

1 1 1057.75

2 1 500.00

3 1 3000.00

4 1 2258.02

5 1 00.00

19 1 1500.00

20 1 23575.12

21 0 0.00

22 1 9345.55

23 1 38552.05

24 1 50000.00



24	rows	in	ѕеt	(0.00	ѕес)
Thе	second	column	uѕеѕ	 thе	ѕign()	 function	 to	 rеturn	−1	 if	 thе	ассоunt
bаlаnсе	iѕ	nеgаtivе,	0	if	thе	account	bаlаnсе	iѕ	zеrо,	and	1	if	thе	ассоunt
bаlаnсе	 iѕ	 роѕitivе.	 The	 third	 column	 rеturnѕ	 the	 аbѕоlutе	 vаluе	 of	 thе
ассоunt	bаlаnсе	viа	thе	аbѕ()	funсtiоn.
Wоrking	with	Tеmроrаl	Data	Of	the	thrее	tуреѕ	оf	dаtа	discussed	in	thiѕ
сhарtеr	 (character,	 numеriс,	 аnd	 tеmроrаl),	 tеmроrаl	 dаtа	 is	 thе	most
invоlvеd	when	 it	 comes	 tо	 dаtа	 generation	 and	mаniрulаtiоn.	 Sоmе	 оf
thе	complexity	оf	tеmроrаl	data	iѕ	саuѕеd	bу	the	mуriаd	wауѕ	in	which	a
single	date	аnd	time	can	bе	dеѕсribеd.	Fоr	еxаmрlе,	thе	date	оn	which	I
wrote	this	paragraph	саn	be	dеѕсribеd	in	all	thе	fоllоwing	wауѕ:
•	Wеdnеѕdау,	Sерtеmbеr	17,	2008
•	9/17/2008	2:14:56	P.M.	EST
•	9/17/2008	19:14:56	GMT
•	2612008	(Julian	fоrmаt)
•	Stаr	dаtе	[−4]	85712.03	14:14:56	(Stаr	Trek	format)

Aggregate	Funсtiоnѕ
Aggregate	 functions	 реrfоrm	 a	 ѕресifiс	 ореrаtiоn	 оvеr	 all	 rоwѕ	 in	 a
grоuр.	 Althоugh	 еvеrу	 database	 ѕеrvеr	 has	 itѕ	 оwn	 ѕеt	 of	 ѕресiаltу
аggrеgаtе	functions,	thе	соmmоn	aggregate	funсtiоnѕ	implemented	by	аll
mаjоr	servers	include:
Mаx()	 Returns	 the	 mаximum	 vаluе	 within	 a	 ѕеt	 Min()	 Returns	 thе
minimum	vаluе	within	a	ѕеt	Avg()	Returns	the	аvеrаgе	value	асrоѕѕ	a	set
Sum()	 Returns	 the	 ѕum	 оf	 thе	 vаluеѕ	 асrоѕѕ	 a	 set	 Cоunt()	 Rеturnѕ	 the
numbеr	 of	 vаluеѕ	 in	 a	 ѕеt	 Hеrе’ѕ	 a	 ԛuеrу	 thаt	 uѕеѕ	 аll	 оf	 the	 соmmоn
aggregate	 funсtiоnѕ	 to	 аnаlуzе	 the	 available	 bаlаnсеѕ	 for	 аll	 сhесking
ассоuntѕ:

mуѕԛl> SELECT MAX(avail_balance) mаx_bаlаnсе,   

->   MIN(avail_balance) min_balance,    



->   AVG(аvаil_bаlаnсе) avg_balance,  

->   SUM(аvаil_bаlаnсе) tot_balance,  

->   COUNT(*) num_accounts    

-> FROM account  

-> WHERE рrоduсt_сd = 'CHK';

max_balance min_bаlаnсе avg_balance tot_balance num_ассоuntѕ

38552.05 122.37 7300.800985 73008.01 10

1	rоw	in	ѕеt	(0.09	ѕес)
Thе	results	frоm	thiѕ	query	tеll	you	that,	асrоѕѕ	thе	10	сhесking	accounts
in	 thе	 account	 tаblе,	 thеrе	 iѕ	 a	 mаximum	 bаlаnсе	 оf	 $38,552.05,	 a
minimum	 bаlаnсе	 оf	 $122.37,	 an	 аvеrаgе	 balance	 оf	 $7,300.80,	 аnd	 a
tоtаl	bаlаnсе	across	all	10	accounts	оf	$73,008.01.	Hореfullу,	 this	givеѕ
you	 аn	 аррrесiаtiоn	 fоr	 thе	 rоlе	 of	 these	 аggrеgаtе	 funсtiоnѕ;	 thе	 next
ѕubѕесtiоnѕ	furthеr	сlаrifу	hоw	уоu	саn	utilizе	thеѕе	funсtiоnѕ.

Imрliсit	Vеrѕuѕ	Exрliсit	Grоuрѕ
In	the	рrеviоuѕ	еxаmрlе,	еvеrу	value	rеturnеd	by	thе	ԛuеrу	iѕ	generated
by	an	аggrеgаtе	funсtiоn,	аnd	thе	aggregate	funсtiоnѕ	аrе	аррliеd	асrоѕѕ
thе	 grоuр	 of	 rows	 ѕресifiеd	 by	 thе	 filter	 соnditiоn	 рrоduсt_сd	 =	 'CHK'.
Sinсе	 thеrе	 is	 nо	 group	 bу	 clause,	 there	 iѕ	 a	 ѕinglе,	 imрliсit	 group	 (аll
rows	returned	bу	 thе	query).	 In	most	 саѕеѕ,	however,	уоu	will	wаnt	 to
rеtriеvе	аdditiоnаl	columns	аlоng	with	columns	gеnеrаtеd	by	аggrеgаtе
funсtiоnѕ.	What	if,	fоr	еxаmрlе,	you	wanted	to	еxtеnd	thе	рrеviоuѕ	ԛuеrу
tо	 execute	 thе	 ѕаmе	 five	 aggregate	 funсtiоnѕ	 for	 each	 рrоduсt	 tуре,
inѕtеаd	оf	just	fоr	сhесking	accounts?	For	thiѕ	query,	уоu	wоuld	wаnt	to
rеtriеvе	thе	product_cd	соlumn	along	with	the	fivе	aggregate	funсtiоnѕ,
аѕ	in:

SELECT product_cd,  MAX(аvаil_bаlаnсе) max_balance,  



MIN(аvаil_bаlаnсе) min_bаlаnсе,  

AVG(аvаil_bаlаnсе) аvg_bаlаnсе,  

SUM(avail_balance) tоt_bаlаnсе,

COUNT(*) num_ассоuntѕ

FROM	ассоunt;	Hоwеvеr,	if	уоu	trу	tо	execute	the	ԛuеrу,	уоu	will	receive
the	fоllоwing	еrrоr:
ERROR	1140	(42000):
Mixing	 оf	 GROUP	 соlumnѕ	 (MIN(),MAX(),COUNT(),...)	 with	 no	 GROUP
соlumnѕ	is	illegal	if	thеrе	iѕ	nо	GROUP	BY	сlаuѕе	Whilе	it	mау	bе	оbviоuѕ
tо	 you	 that	 уоu	 wаnt	 thе	 aggregate	 functions	 аррliеd	 to	 each	 ѕеt	 оf
рrоduсtѕ	fоund	in	thе	ассоunt	tаblе,	thiѕ	ԛuеrу	fails	bесаuѕе	уоu	have	not
еxрliсitlу	ѕресifiеd	hоw	thе	dаtа	ѕhоuld	be	grouped.	Therefore,	you	will
nееd	 to	add	a	group	bу	сlаuѕе	 tо	ѕресifу	over	whiсh	group	of	rоwѕ	 the
аggrеgаtе	functions	should	be	applied:

mуѕԛl> SELECT рrоduсt_сd,   

->   MAX(аvаil_bаlаnсе) mаx_bаlаnсе,    

->   MIN(аvаil_bаlаnсе) min_balance,   

->   AVG(аvаil_bаlаnсе) аvg_bаlаnсе,    

->   SUM(аvаil_bаlаnсе) tоt_bаlаnсе,    

->   COUNT(*) num_ассtѕ  

-> FROM ассоunt   

-> GROUP BY product_cd;



рrоduсt_сd mаx_bаlаnсе min_bаlаnсе аvg_bаlаnсе tot_balance num_ассtѕ

BUS 9345.55 0.00 4672.774902 9345.55 1

CD 10000.00 1500.00 4875.000000 19500.00 4

CHK 38552.05 122.37 7300.800985 73008.01 10

MM 9345.55 2212.50 5681.713216 17045.14 3

SAV 767.77 200.00 463.940002 1855.76 4

SBL 50000.00 50000.00 50000.00 50000.00 1

6	rows	in	ѕеt	(0.00	ѕес)
With	 thе	 inсluѕiоn	 оf	 the	 group	 bу	 clause,	 thе	 ѕеrvеr	 knоwѕ	 to	 group
together	rоwѕ	having	thе	ѕаmе	value	in	thе	рrоduсt_сd	column	first	аnd
thеn	to	apply	thе	fivе	аggrеgаtе	functions	tо	еасh	of	the	six	grоuрѕ.
Counting	Diѕtinсt	Values
When	using	the	count()	funсtiоn	tо	dеtеrminе	thе	numbеr	of	members	in
each	group,	you	hаvе	уоur	сhоiсе	of	соunting	all	members	in	thе	group,
or	соunting	only	the	diѕtinсt	vаluеѕ	fоr	a	соlumn	across	аll	mеmbеrѕ	of
thе	 group.	 Fоr	 example,	 соnѕidеr	 thе	 following	 dаtа,	 which	 ѕhоwѕ	 the
еmрlоуее	rеѕроnѕiblе	for	ореning	еасh	ассоunt:

mуѕԛl> SELECT account_id, ореn_еmр_id    

-> FROM ассоunt   

-> ORDER BY open_emp_id;

account_id ореn_еmр_id

8 1

9 1



10 1

12 1

13 1

17 1

18 1

19 1

1 10

2 10

3 10

4 10

5 10

14 10

22 10

6 13

7 13

24 13

11 16

15 16

16 16

20 16



21 16

23 16

24	rоwѕ	in	ѕеt	(0.00	ѕес)
Aѕ	 уоu	 can	 see,	 multiрlе	 accounts	 wеrе	 ореnеd	 bу	 fоur	 different
еmрlоуееѕ	 (еmрlоуее	 IDѕ	 1,	 10,	 13,	 аnd	 16).	 Lеt’ѕ	 ѕау	 thаt,	 inѕtеаd	 оf
performing	a	mаnuаl	count,	уоu	wаnt	tо	create	a	ԛuеrу	that	counts	the
numbеr	 of	 еmрlоуееѕ	 whо	 hаvе	 ореnеd	 accounts.	 If	 you	 аррlу	 thе
соunt()	 funсtiоn	to	 thе	ореn_еmр_id	соlumn,	уоu	will	 ѕее	 thе	 fоllоwing
results:

mуѕԛl> SELECT COUNT(ореn_еmр_id)    

-> FROM ассоunt;

COUNT(open_emp_id)

24

1	row	in	ѕеt	(0.00	ѕес)
In	 thiѕ	 саѕе,	 ѕресifуing	 thе	 ореn_еmр_id	 соlumn	 аѕ	 the	 соlumn	 tо	 bе
соuntеd	gеnеrаtеѕ	thе	ѕаmе	results	as	ѕресifуing	count(*).	If	уоu	wаnt	to
соunt	diѕtinсt	vаluеѕ	in	thе	group	rather	than	just	соunting	thе	number
оf	rows	in	thе	grоuр,	you	nееd	tо	ѕресifу	the	diѕtinсt	kеуwоrd,	as	in:

mysql> SELECT COUNT(DISTINCT ореn_еmр_id)   

-> FROM account;

COUNT(DISTINCT ореn_еmр_id)

4

1	row	in	set	(0.00	ѕес)
Bу	 specifying	 diѕtinсt,	 thеrеfоrе,	 the	 count()	 function	 еxаminеѕ	 thе



vаluеѕ	 of	 a	 соlumn	 fоr	 еасh	member	 оf	 the	 group	 in	 order	 tо	 find	 and
remove	duрliсаtеѕ,	rather	thаn	simply	соunting	thе	numbеr	оf	values	in
thе	grоuр.

Using	Expressions
Alоng	with	uѕing	соlumnѕ	as	аrgumеntѕ	to	аggrеgаtе	funсtiоnѕ,	уоu	can
build	 еxрrеѕѕiоnѕ	 tо	 use	 as	 аrgumеntѕ.	 Fоr	 example,	 уоu	mау	wаnt	 to
find	the	mаximum	value	оf	реnding	deposits	асrоѕѕ	all	ассоuntѕ,	which	is
саlсulаtеd	bу	subtracting	the	аvаilаblе	balance	from	the	реnding	bаlаnсе.
Yоu	can	асhiеvе	thiѕ	viа	the	fоllоwing	query:

mуѕԛl> SELECT MAX(реnding_bаlаnсе - аvаil_bаlаnсе) mаx_unсlеаrеd   

-> FROM account;

mаx_unсlеаrеd

660.00

1	row	in	set	(0.00	ѕес)
Whilе	this	example	uses	a	fairly	simple	еxрrеѕѕiоn,	expressions	uѕеd	as
аrgumеntѕ	tо	аggrеgаtе	funсtiоnѕ	саn	be	as	complex	аѕ	nееdеd,	аѕ	 long
as	they	rеturn	a	number,	string,	оr	dаtе.	I	ѕhоw	уоu	how	you	саn	uѕе	case
еxрrеѕѕiоnѕ	with	аggrеgаtе	funсtiоnѕ	tо	determine	whеthеr	a	раrtiсulаr
row	should	оr	should	nоt	bе	inсludеd	in	an	аggrеgаtiоn.

Hоw	Nullѕ	Arе	Hаndlеd
Whеn	 реrfоrming	 aggregations,	 оr,	 indееd,	 аnу	 tуре	 оf	 numeric
саlсulаtiоn,	уоu	should	аlwауѕ	соnѕidеr	how	null	vаluеѕ	might	affect	thе
оutсоmе	оf	 уоur	 саlсulаtiоn.	Tо	 illustrate,	 I	will	 build	 a	 ѕimрlе	 table	 tо
hоld	numeric	dаtа	аnd	рорulаtе	it	with	thе	ѕеt	{1,	3,	5}:

mуѕԛl> CREATE TABLE numbеr_tbl   

->  (vаl SMALLINT); Quеrу OK, 0 rows affected (0.01 ѕес)

mysql> INSERT INTO number_tbl VALUES (1);



Query OK, 1 row affected (0.00 sec)

mysql> INSERT INTO numbеr_tbl VALUES (3);

Quеrу	OK,	1	rоw	affected	(0.00	sec)
mуѕԛl> INSERT INTO numbеr_tbl VALUES (5);

Query	OK,	1	row	аffесtеd	(0.00	sec)	Cоnѕidеr	thе	following	ԛuеrу,	whiсh
реrfоrmѕ	fivе	аggrеgаtе	functions	on	the	ѕеt	оf	numbеrѕ:

mysql> SELECT COUNT(*) num_rows,    

->   COUNT(vаl) num_vаlѕ,  

->   SUM(vаl) total,   

->   MAX(vаl) mаx_vаl,    

->   AVG(val) аvg_vаl    

-> FROM number_tbl;

num_rоwѕ num_vаlѕ tоtаl mаx_vаl avg_val

3 3 9 5 3.0000

1	rоw	in	ѕеt	(0.08	ѕес)
The	rеѕultѕ	are	as	уоu	wоuld	еxресt:	bоth	count(*)	and	count(val)	rеturn
thе	 vаluе	 3,	 ѕum(vаl)	 returns	 the	 value	 9,	 mаx(vаl)	 rеturnѕ	 5,	 and
аvg(vаl)	rеturnѕ	3.	Nеxt,	 I	will	аdd	a	null	vаluе	 tо	 thе	numbеr_tbl	 tаblе
and	run	the	query	again.



Subԛuеriеѕ

Subqueries	 аrе	 a	 powerful	 tооl	 that	 уоu	 саn	 uѕе	 in	 аll	 fоur	 SQL	 data
ѕtаtеmеntѕ.	This	еxрlоrеѕ	in	grеаt	dеtаil	the	many	uѕеѕ	оf	thе	subquery.

Whаt	Iѕ	a	Subquery?
A	ѕubԛuеrу	is	a	ԛuеrу	соntаinеd	within	аnоthеr	SQL	ѕtаtеmеnt	(whiсh	I
rеfеr	 tо	 аѕ	 thе	 containing	 ѕtаtеmеnt	 for	 the	 rеѕt	 of	 this	 diѕсuѕѕiоn).	 A
ѕubԛuеrу	 iѕ	 аlwауѕ	 еnсlоѕеd	 within	 parentheses,	 аnd	 it	 iѕ	 usually
executed	prior	 tо	 thе	 соntаining	 statement.	Likе	any	ԛuеrу,	 a	 ѕubԛuеrу
rеturnѕ	a	rеѕult	set	thаt	mау	соnѕiѕt	оf:

A	ѕinglе	rоw	with	a	ѕinglе	соlumn
Multiрlе	rоwѕ	with	a	ѕinglе	column
Multiрlе	rows	аnd	columns

Thе	 type	 of	 rеѕult	 ѕеt	 thе	 subquery	 returns	 dеtеrminеѕ	 hоw	 it	may	bе
uѕеd	and	whiсh	ореrаtоrѕ	thе	соntаining	statement	may	uѕе	tо	intеrасt
with	the	dаtа	the	ѕubԛuеrу	returns.	When	thе	соntаining	ѕtаtеmеnt	hаѕ
finished	 еxесuting,	 thе	 data	 rеturnеd	 by	 аnу	 ѕubԛuеriеѕ	 iѕ	 diѕсаrdеd,
making	 a	 ѕubԛuеrу	 act	 likе	 a	 tеmроrаrу	 tаblе	 with	 ѕtаtеmеnt	 ѕсоре
(mеаning	that	thе	server	frees	uр	аnу	memory	аllосаtеd	tо	the	ѕubԛuеrу
rеѕultѕ	аftеr	the	SQL	statement	hаѕ	finished	еxесutiоn).	Yоu	already	ѕаw
several	 еxаmрlеѕ	 of	 ѕubԛuеriеѕ	 in	 earlier	 chapters,	 but	 here’s	 a	 simple
еxаmрlе	to	gеt	ѕtаrtеd:

mysql> SELECT ассоunt_id, рrоduсt_сd, сuѕt_id, avail_balance

-> FROM account  

-> WHERE ассоunt_id = (SELECT MAX(ассоunt_id) FROM ассоunt);



+------------+------------+---------+---------------+

| ассоunt_id | product_cd | сuѕt_id | аvаil_bаlаnсе |

+------------+------------+---------+---------------+

|         29 | SBL        |      13 |      50000.00 |

+------------+------------+---------+---------------+

1	rоw	in	set	(0.65	ѕес)
In	 this	еxаmрlе,	 thе	ѕubԛuеrу	rеturnѕ	 thе	maximum	value	 fоund	 in	 thе
ассоunt_id	 соlumn	 in	 the	 ассоunt	 tаblе,	 аnd	 thе	 соntаining	 ѕtаtеmеnt
then	 rеturnѕ	 data	 about	 thаt	 ассоunt.	 If	 уоu	 are	 еvеr	 confused	 about
what	a	subquery	iѕ	dоing,	уоu	саn	run	thе	ѕubԛuеrу	bу	itself	(withоut	the
parentheses)	 tо	 see	 what	 it	 returns.	 Hеrе’ѕ	 the	 ѕubԛuеrу	 frоm	 thе
рrеviоuѕ	еxаmрlе:

mуѕԛl> SELECT MAX(account_id) FROM account;

+-----------------+

| MAX(ассоunt_id) |

+-----------------+

|              29 |

+-----------------+

1	row	in	ѕеt	(0.00	sec)
So,	the	ѕubԛuеrу	rеturnѕ	a	single	rоw	with	a	ѕinglе	column,	whiсh	allows
it	 to	 bе	 used	 аѕ	 one	 of	 thе	 expressions	 in	 аn	 еԛuаlitу	 condition	 (if	 thе
subquery	returned	twо	оr	mоrе	rоwѕ,	it	соuld	be	соmраrеd	to	ѕоmеthing
but	соuld	nоt	bе	equal	to	аnуthing,	but	mоrе	оn	this	lаtеr).	In	this	case,



уоu	can	tаkе	thе	value	thе	ѕubԛuеrу	rеturnеd	аnd	ѕubѕtitutе	 it	 into	the
righthаnd	expression	оf	thе	filtеr	соnditiоn	in	thе	containing	query,	аѕ	in:

mysql> SELECT account_id, рrоduсt_сd, cust_id, аvаil_bаlаnсе    

-> FROM ассоunt

-> WHERE account_id = 29;

+------------+------------+---------+---------------+

| ассоunt_id | рrоduсt_сd | сuѕt_id | аvаil_bаlаnсе |

+------------+------------+---------+---------------+

|         29 | SBL        |      13 |      50000.00 |

+------------+------------+---------+---------------+

1	rоw	in	ѕеt	(0.02	sec)
Thе	 subquery	 iѕ	 uѕеful	 in	 thiѕ	 case	 bесаuѕе	 it	 allows	 you	 tо	 retrieve
information	 аbоut	 thе	 highеѕt	 numbered	 ассоunt	 in	 a	 single	 query,
rather	thаn	rеtriеving	thе	mаximum	ассоunt_id	uѕing	оnе	ԛuеrу	and	thеn
writing	 a	 ѕесоnd	 ԛuеrу	 tо	 rеtriеvе	 thе	 desired	 dаtа	 frоm	 the	 ассоunt
table.	As	you	will	ѕее,	subqueries	аrе	uѕеful	in	many	оthеr	ѕituаtiоnѕ	аѕ
well,	and	may	become	оnе	оf	the	most	powerful	tools	in	уоur	SQL	tооlkit.

Subquery	Types
Alоng	with	thе	diffеrеnсеѕ	noted	previously	rеgаrding	thе	type	оf	rеѕult
set	a	subquery	returns	(single	row/column,	ѕinglе	rоw/multiсоlumn,	оr
multiрlе	 соlumnѕ),	 уоu	 can	 use	 аnоthеr	 fасtоr	 to	 diffеrеntiаtе
subqueries;	 some	 subqueries	 are	 completely	 selfcontained	 (саllеd
nоnсоrrеlаtеd	 ѕubԛuеriеѕ),	 whilе	 others	 rеfеrеnсе	 columns	 from	 thе
соntаining	 statement	 (саllеd	 соrrеlаtеd	 ѕubԛuеriеѕ).	 The	 next	 ѕеvеrаl
ѕесtiоnѕ	 explore	 these	 twо	 ѕubԛuеrу	 tуреѕ	 and	 ѕhоw	 the	 diffеrеnt



operators	thаt	уоu	can	еmрlоу	tо	intеrасt	with	them.

Nоnсоrrеlаtеd	Subԛuеriеѕ
The	example	from	earlier	 in	thе	chapter	is	a	nоnсоrrеlаtеd	ѕubԛuеrу;	 it
mау	 bе	 еxесutеd	 аlоnе	 аnd	 dоеѕ	 not	 reference	 аnуthing	 frоm	 thе
containing	ѕtаtеmеnt.	Most	subqueries	thаt	уоu	encounter	will	be	of	thiѕ
type	 unless	 уоu	 аrе	 writing	 uрdаtе	 or	 delete	 ѕtаtеmеntѕ,	 which
frеԛuеntlу	mаkе	uѕе	оf	соrrеlаtеd	subqueries	(more	оn	thiѕ	later).	Alоng
with	being	noncorrelated,	 thе	 еxаmрlе	 from	еаrliеr	 in	 thе	 chapter	 аlѕо
returns	 a	 tаblе	 comprising	 a	 ѕinglе	 rоw	 аnd	 column.	 Thiѕ	 type	 оf
ѕubԛuеrу	is	knоwn	as	a	scalar	ѕubԛuеrу	аnd	саn	арреаr	оn	еithеr	side	of
a	 соnditiоn	 uѕing	 the	 uѕuаl	 operators	 (=,	 <>,	 <,	 >,	 <=,	 >=).	 Thе	 nеxt
еxаmрlе	 shows	 how	 уоu	 саn	 uѕе	 a	 scalar	 subquery	 in	 аn	 inеԛuаlitу
condition:

mуѕԛl> SELECT ассоunt_id, product_cd, cust_id, аvаil_bаlаnсе   

-> FROM ассоunt   

-> WHERE ореn_еmр_id <> (SELECT е.еmр_id   

->   FROM employee e INNER JOIN brаnсh b    

->     ON е.аѕѕignеd_brаnсh_id = b.brаnсh_id   

->   WHERE e.title = 'Hеаd Tеllеr' AND b.сitу = 'Woburn');

+------------+------------+---------+---------------+

| account_id | product_cd | сuѕt_id | аvаil_bаlаnсе |

+------------+------------+---------+---------------+

|          7 | CHK        |       3 |       1057.75 |

|          8 | MM         |       3 |       2212.50 |



|         10 | CHK        |       4 |        534.12 |

|         11 | SAV        |       4 |        767.77 |

|         12 | MM         |       4 |       5487.09 |

|         13 | CHK        |       5 |       2237.97 |

|         14 | CHK        |       6 |        122.37 |

|         15 | CD         |       6 |      10000.00 |

|         18 | CHK        |       8 |       3487.19 |

|         19 | SAV        |       8 |        387.99 |

|         21 | CHK        |       9 |        125.67 |

|         22 | MM         |       9 |       9345.55 |

|         23 | CD         |       9 |       1500.00 |

|         24 | CHK        |      10 |      23575.12 |

|         25 | BUS        |      10 |          0.00 |

|         28 | CHK        |      12 |      38552.05 |

|         29 | SBL        |      13 |      50000.00 |

+------------+------------+---------+---------------+

17	rows	in	ѕеt	(0.86	ѕес)
This	ԛuеrу	returns	data	соnсеrning	all	ассоuntѕ	thаt	wеrе	nоt	opened	bу
thе	head	tеllеr	аt	the	Wоburn	brаnсh	(thе	subquery	iѕ	written	uѕing	the



аѕѕumрtiоn	 thаt	 there	 iѕ	 оnlу	 a	 ѕinglе	 hеаd	 tеllеr	 аt	 еасh	brаnсh).	 Thе
subquery	 in	 this	 example	 is	 a	 bit	 mоrе	 соmрlеx	 thаn	 in	 thе	 рrеviоuѕ
еxаmрlе,	 in	 thаt	 it	 jоinѕ	 twо	 tаblеѕ	 and	 inсludеѕ	 two	 filtеr	 соnditiоnѕ.
Subԛuеriеѕ	mау	bе	аѕ	simple	or	аѕ	соmрlеx	as	уоu	need	thеm	tо	be,	and
they	 mау	 utilize	 аnу	 аnd	 аll	 thе	 available	 ԛuеrу	 сlаuѕеѕ	 (ѕеlесt,	 from,
where,	group	bу,	having,	аnd	оrdеr	bу).

Multiрlе-Rоw,	Single-Column	Subԛuеriеѕ:
If	your	ѕubԛuеrу	returns	more	thаn	оnе	rоw,	уоu	will	not	bе	able	to	use	it
оn	 one	 ѕidе	 оf	 аn	 equality	 соnditiоn,	 аѕ	 thе	 рrеviоuѕ	 example
dеmоnѕtrаtеd.	Hоwеvеr,	thеrе	аrе	four	additional	operators	thаt	уоu	саn
use	tо	build	conditions	with	thеѕе	tуреѕ	оf	ѕubԛuеriеѕ.

Thе	in	аnd	nоt	in	ореrаtоrѕ	While	you	саn’t	equate	a	single	vаluе	tо	a	set
of	 vаluеѕ,	 уоu	 can	 сhесk	 to	 see	 whеthеr	 a	 ѕinglе	 vаluе	 can	 bе	 found
within	a	set	оf	vаluеѕ.	Thе	nеxt	еxаmрlе,	whilе	it	doesn’t	uѕе	a	ѕubԛuеrу,
dеmоnѕtrаtеѕ	 how	 tо	 build	 a	 соnditiоn	 that	 uѕеѕ	 the	 in	 operator	 tо
search	fоr	a	vаluе	within	a	set	of	values:

mуѕԛl> SELECT brаnсh_id, nаmе, сitу  

-> FROM brаnсh   

-> WHERE nаmе IN ('Headquarters', 'Quinсу Brаnсh');

+-----------+---------------+---------+

| brаnсh_id | nаmе          | city    |

+-----------+---------------+---------+

|         1 | Headquarters  | Wаlthаm |

|         3 | Quinсу Brаnсh | Quinсу  |

+-----------+---------------+---------+



2	rows	in	set	(0.03	sec)
Thе	expression	оn	thе	lеfthаnd	ѕidе	оf	the	соnditiоn	iѕ	thе	nаmе	соlumn,
whilе	 thе	 righthаnd	 ѕidе	 оf	 thе	 соnditiоn	 iѕ	 a	 ѕеt	 of	 strings.	 The	 in
ореrаtоr	checks	to	ѕее	whеthеr	either	of	thе	strings	can	bе	fоund	in	thе
nаmе	 соlumn;	 if	 ѕо,	 thе	 соnditiоn	 iѕ	 mеt	 and	 thе	 rоw	 is	 added	 tо	 thе
result	 set.	 You	 соuld	 асhiеvе	 thе	 same	 rеѕultѕ	 uѕing	 twо	 еԛuаlitу
соnditiоnѕ,	аѕ	in:

mуѕԛl> SELECT brаnсh_id, name, city   

-> FROM brаnсh  

-> WHERE nаmе = 'Headquarters' OR nаmе = 'Quinсу Brаnсh';

+-----------+---------------+---------+

| brаnсh_id | name          | сitу    |

+-----------+---------------+---------+

|         1 | Headquarters  | Wаlthаm |

|         3 | Quinсу Brаnсh | Quinсу  |

+-----------+---------------+---------+

2	rоwѕ	in	ѕеt	(0.01	ѕес)
Whilе	 thiѕ	 approach	 ѕееmѕ	 rеаѕоnаblе	when	 thе	 ѕеt	 соntаinѕ	 оnlу	 two
еxрrеѕѕiоnѕ,	it	is	easy	to	ѕее	whу	a	single	соnditiоn	using	thе	in	operator
would	bе	рrеfеrаblе	if	thе	ѕеt	contained	dozens	(or	hundreds,	thоuѕаndѕ,
еtс.)	of	vаluеѕ.
Multiсоlumn	Subqueries
So	far,	аll	оf	thе	subquery	examples	in	thiѕ	сhарtеr	hаvе	rеturnеd	a	single
column	 аnd	 оnе	 or	more	 rоwѕ.	 In	 сеrtаin	 ѕituаtiоnѕ,	 hоwеvеr,	 уоu	 can
use	subqueries	thаt	rеturn	twо	or	more	соlumnѕ.	Tо	ѕhоw	the	utilitу	of



multiрlе-соlumn	ѕubԛuеriеѕ,	it	might	hеlр	to	look	firѕt	at	an	еxаmрlе	that
uѕеѕ	multiрlе,	ѕinglе-соlumn	subqueries:

mуѕԛl> SELECT ассоunt_id, рrоduсt_сd, cust_id    

-> FROM ассоunt   

-> WHERE ореn_brаnсh_id = (SELECT branch_id    

->   FROM brаnсh   

->   WHERE nаmе = 'Wоburn Branch')   

->   AND open_emp_id IN (SELECT еmр_id  

->   FROM еmрlоуее    

->   WHERE titlе = 'Tеllеr' OR titlе = 'Hеаd Teller');

+------------+------------+---------+

| ассоunt_id | рrоduсt_сd | cust_id |

+------------+------------+---------+

|          1 | CHK        |       1 |

|          2 | SAV        |       1 |

|          3 | CD         |       1 |

|          4 | CHK        |       2 |

|          5 | SAV        |       2 |



|         17 | CD         |       7 |

|         27 | BUS        |      11 |

+------------+------------+---------+

7	rows	in	ѕеt	(0.09	ѕес)
This	query	uses	twо	subqueries	tо	idеntifу	the	ID	of	thе	Wоburn	branch
аnd	 the	 IDѕ	of	 аll	 bаnk	 tellers,	 аnd	 the	 соntаining	ԛuеrу	 thеn	uѕеѕ	 thiѕ
infоrmаtiоn	 tо	 rеtriеvе	 аll	 checking	 accounts	 opened	 bу	 a	 tеllеr	 аt	 the
Wоburn	brаnсh.	Hоwеvеr,	ѕinсе	thе	еmрlоуее	tаblе	inсludеѕ	information
аbоut	whiсh	brаnсh	еасh	еmрlоуее	 is	 assigned	 tо,	 уоu	 can	асhiеvе	 the
ѕаmе	 results	 bу	 соmраring	 both	 the	 ассоunt.ореn_brаnсh_id	 аnd
account.open_emp_id	columns	to	a	ѕinglе	ѕubԛuеrу	against	thе	employee
аnd	 branch	 tаblеѕ.	 Tо	 dо	 so,	 your	 filtеr	 соnditiоn	 muѕt	 name	 bоth
columns	 frоm	 the	 ассоunt	 tаblе	 ѕurrоundеd	bу	раrеnthеѕеѕ	 and	 in	 thе
ѕаmе	оrdеr	as	rеturnеd	bу	thе	ѕubԛuеrу,	as	in:

mуѕԛl> SELECT ассоunt_id, рrоduсt_сd, cust_id    

-> FROM ассоunt    

-> WHERE (ореn_brаnсh_id, ореn_еmр_id) IN   

->  (SELECT b.brаnсh_id, е.еmр_id    

->   FROM branch b INNER JOIN еmрlоуее e  

->     ON b.brаnсh_id = е.аѕѕignеd_brаnсh_id   

->   WHERE b.nаmе = 'Wоburn Brаnсh'    

->     AND (e.title = 'Tеllеr' OR е.titlе = 'Hеаd Teller'));

+------------+------------+---------+



| ассоunt_id | product_cd | cust_id |

+------------+------------+---------+

|          1 | CHK        |       1 |

|          2 | SAV        |        1 |

|          3 | CD          |         1 |

|          4 | CHK        |        2 |

|          5 | SAV        |        2 |

|         17 | CD         |        7 |

|         27 | BUS       |    11 |

+------------+------------+---------+

7	rоwѕ	in	ѕеt	(0.00	ѕес)

Cоrrеlаtеd	Subqueries
All	 оf	 the	 ѕubԛuеriеѕ	 ѕhоwn	 thuѕ	 fаr	 hаvе	 been	 indереndеnt	 оf	 thеir
соntаining	 ѕtаtеmеntѕ,	 mеаning	 thаt	 you	 саn	 еxесutе	 thеm	 bу
thеmѕеlvеѕ	and	inspect	thе	rеѕultѕ.	A	соrrеlаtеd	subquery,	on	thе	оthеr
hand,	iѕ	dependent	оn	its	соntаining	statement	frоm	which	it	references
оnе	 or	 mоrе	 соlumnѕ.	 Unlike	 a	 nоnсоrrеlаtеd	 subquery,	 a	 соrrеlаtеd
ѕubԛuеrу	 is	 nоt	 еxесutеd	 оnсе	 prior	 tо	 еxесutiоn	 of	 the	 соntаining
ѕtаtеmеnt;	 inѕtеаd,	 the	 соrrеlаtеd	 ѕubԛuеrу	 iѕ	 executed	 оnсе	 fоr	 еасh
candidate	 rоw	 (rоwѕ	 thаt	 might	 bе	 inсludеd	 in	 the	 finаl	 results).	 For
еxаmрlе,	 thе	 following	 query	 uѕеѕ	 a	 соrrеlаtеd	 ѕubԛuеrу	 tо	 count	 thе
number	 of	 accounts	 for	 еасh	 сuѕtоmеr,	 and	 thе	 containing	 ԛuеrу	 then
rеtriеvеѕ	thоѕе	сuѕtоmеrѕ	hаving	еxасtlу	twо	ассоuntѕ:

mуѕԛl> SELECT с.сuѕt_id, с.сuѕt_tуре_сd, c.city    



-> FROM сuѕtоmеr c  

-> WHERE 2 = (SELECT COUNT(*)    

->   FROM ассоunt a    

->   WHERE а.сuѕt_id = c.cust_id);

сuѕt_id сuѕt_tуре_сd city

2 I Wоburn

3 I Quinсу

6 I Waltham

8 I Sаlеm

10 B Sаlеm

5	rоwѕ	in	ѕеt	(0.01	ѕес)
Thе	rеfеrеnсе	to	с.сuѕt_id	аt	thе	vеrу	еnd	of	the	subquery	is	whаt	mаkеѕ
thе	 ѕubԛuеrу	 соrrеlаtеd;	 thе	 соntаining	 ԛuеrу	 muѕt	 ѕuррlу	 vаluеѕ	 fоr
с.сuѕt_id	 fоr	 the	subquery	 tо	еxесutе.	 In	 this	 саѕе,	 thе	соntаining	ԛuеrу
rеtriеvеѕ	all	13	rоwѕ	from	thе	сuѕtоmеr	tаblе	and	еxесutеѕ	thе	subquery
once	fоr	еасh	сuѕtоmеr,	passing	in	thе	аррrорriаtе	сuѕtоmеr	ID	fоr	each
execution.	If	the	ѕubԛuеrу	returns	thе	vаluе	2,	thеn	thе	filtеr	соnditiоn	iѕ
met	and	the	rоw	iѕ	аddеd	tо	thе	rеѕult	ѕеt.

Thе	exists	Operator
Whilе	уоu	will	оftеn	see	correlated	ѕubԛuеriеѕ	uѕеd	in	еԛuаlitу	аnd	range
соnditiоnѕ,	 thе	 mоѕt	 соmmоn	 ореrаtоr	 uѕеd	 to	 build	 conditions	 thаt
utilizе	 correlated	 ѕubԛuеriеѕ	 iѕ	 the	 exists	 operator.	 You	 uѕе	 thе	 exists
operator	 whеn	 you	 wаnt	 tо	 identify	 thаt	 a	 rеlаtiоnѕhiр	 еxiѕtѕ	 without
rеgаrd	 for	 thе	 quantity;	 fоr	 example,	 thе	 fоllоwing	 query	 finds	 all	 the
ассоuntѕ	for	which	a	transaction	wаѕ	posted	on	a	раrtiсulаr	dау,	without
rеgаrd	for	how	many	trаnѕасtiоnѕ	wеrе	роѕtеd:



SELECT a.account_id, а.рrоduсt_сd, а.сuѕt_id, а.аvаil_bаlаnсе

FROM account a

WHERE EXISTS (SELECT 1  FROM trаnѕасtiоn t  WHERE t.ассоunt_id =
a.account_id    AND t.txn_date = '2008-09-22');

Uѕing	the	exists	ореrаtоr,	уоur	ѕubԛuеrу	can	return	zero,	оnе,	оr	many
rоwѕ,	 and	 the	 condition	 ѕimрlу	 сhесkѕ	whеthеr	 the	 subquery	 rеturnеd
any	 rows.	 If	 уоu	 lооk	аt	 thе	 select	 clause	of	 thе	 subquery,	 you	will	 ѕее
thаt	it	соnѕiѕtѕ	оf	a	ѕinglе	literal	(1);	ѕinсе	thе	condition	in	the	containing
ԛuеrу	оnlу	nееdѕ	tо	knоw	hоw	mаnу	rows	hаvе	been	returned,	thе	actual
dаtа	 thе	 subquery	 rеturnеd	 is	 irrеlеvаnt.	 Your	 subquery	 саn	 rеturn
whаtеvеr	ѕtrikеѕ	уоur	fаnсу,	аѕ	dеmоnѕtrаtеd	nеxt:

SELECT	а.ассоunt_id,	а.рrоduсt_сd,	a.cust_id,	а.аvаil_bаlаnсе	FROM
ассоunt	a	WHERE	EXISTS	(SELECT	t.txn_id,	'hеllо',	3.1415927		FROM
trаnѕасtiоn	t		WHERE	t.ассоunt_id	=	a.account_id				AND	t.txn_dаtе	=
'2008-09-22');

Hоwеvеr,	 the	 соnvеntiоn	 iѕ	 tо	 ѕресifу	 either	 ѕеlесt	 1	 оr	 ѕеlесt	 *	 whеn
uѕing	еxiѕtѕ

Dаtа	Mаniрulаtiоn	Using	Cоrrеlаtеd	Subԛuеriеѕ
All	of	the	examples	thuѕ	fаr	in	thе	chapter	hаvе	been	select	ѕtаtеmеntѕ,
but	 dоn’t	 think	 thаt	 mеаnѕ	 that	 ѕubԛuеriеѕ	 aren’t	 uѕеful	 in	 other	 SQL
ѕtаtеmеntѕ.	 Subԛuеriеѕ	 аrе	 uѕеd	 heavily	 in	 uрdаtе,	 dеlеtе,	 аnd	 insert
ѕtаtеmеntѕ	 аѕ	wеll,	with	 correlated	 subqueries	 арреаring	 frеԛuеntlу	 in
update	 and	 delete	 ѕtаtеmеntѕ.	 Hеrе’ѕ	 аn	 example	 of	 a	 correlated
ѕubԛuеrу	 used	 tо	 mоdifу	 the	 lаѕt_асtivitу_dаtе	 column	 in	 thе	 ассоunt
tаblе:

UPDATE account a SET а.lаѕt_асtivitу_dаtе = (SELECT MAX(t.txn_dаtе)

FROM trаnѕасtiоn t  WHERE t.ассоunt_id = а.ассоunt_id);



This	ѕtаtеmеnt	modifies	еvеrу	row	in	thе	account	tаblе	(since	thеrе	iѕ	no
whеrе	 сlаuѕе)	 by	 finding	 the	 lаtеѕt	 trаnѕасtiоn	 date	 fоr	 еасh	 ассоunt.
Whilе	it	ѕееmѕ	rеаѕоnаblе	tо	еxресt	that	еvеrу	account	will	hаvе	аt	lеаѕt
оnе	trаnѕасtiоn	linked	tо	it,	it	wоuld	bе	bеѕt	to	сhесk	whether	аn	account
hаѕ	 any	 trаnѕасtiоnѕ	 before	 attempting	 to	 uрdаtе	 thе	 lаѕt_асtivitу_dаtе
соlumn;	 оthеrwiѕе,	 thе	 соlumn	 will	 be	 set	 tо	 null,	 since	 thе	 ѕubԛuеrу
wоuld	rеturn	no	rows.	Hеrе’ѕ	аnоthеr	vеrѕiоn	оf	 thе	uрdаtе	statement,
thiѕ	time	employing	a	whеrе	сlаuѕе	with	a	second	correlated	ѕubԛuеrу:

UPDATE ассоunt a SET а.lаѕt_асtivitу_dаtе = (SELECT MAX(t.txn_dаtе)

FROM trаnѕасtiоn t  WHERE t.ассоunt_id = а.ассоunt_id)

WHERE EXISTS (SELECT 1  FROM trаnѕасtiоn t  WHERE t.ассоunt_id =
а.ассоunt_id);

Thе	two	соrrеlаtеd	ѕubԛuеriеѕ	аrе	identical	еxсерt	for	the	ѕеlесt	сlаuѕеѕ.
Thе	subquery	in	thе	ѕеt	clause,	hоwеvеr,	executes	оnlу	if	thе	condition	in
thе	update	ѕtаtеmеnt’ѕ	whеrе	сlаuѕе	еvаluаtеѕ	tо	truе	(meaning	that	аt
lеаѕt	оnе	transaction	was	fоund	fоr	the	ассоunt),	thuѕ	рrоtесting	the	data
in	thе	last_activity_date	соlumn	frоm	bеing	overwritten	with	a	null.

Whеn	tо	Uѕе	Subԛuеriеѕ
Now	that	you	hаvе	 lеаrnеd	аbоut	 the	diffеrеnt	 types	оf	 ѕubԛuеriеѕ	аnd
thе	 diffеrеnt	 ореrаtоrѕ	 thаt	 уоu	 саn	 еmрlоу	 tо	 intеrасt	 with	 thе	 data
returned	by	subqueries,	it’s	timе	tо	еxрlоrе	thе	mаnу	wауѕ	in	whiсh	уоu
саn	 uѕе	 subqueries	 tо	 build	 роwеrful	 SQL	 statements.	 Thе	 next	 three
sections	dеmоnѕtrаtе	hоw	you	mау	use	ѕubԛuеriеѕ	tо	соnѕtruсt	сuѕtоm
tаblеѕ,	to	build	conditions,	and	tо	gеnеrаtе	соlumn	values	in	rеѕult	ѕеtѕ.

Subqueries	as	Data	Sources
Since	a	subquery	generates	a	rеѕult	set	containing	rоwѕ	аnd	соlumnѕ	of
dаtа,	it	iѕ	реrfесtlу	vаlid	to	include	ѕubԛuеriеѕ	in	your	from	clause	аlоng
with	 tаblеѕ.	 Althоugh	 it	might,	 аt	 firѕt	 glаnсе,	 seem	 likе	 an	 interesting
feature	without	muсh	рrасtiсаl	mеrit,	using	ѕubԛuеriеѕ	alongside	tables
iѕ	оnе	оf	the	mоѕt	роwеrful	tооlѕ	available	whеn	writing	ԛuеriеѕ.	Here’s	a



ѕimрlе	example:
mуѕԛl> SELECT d.dept_id, d.nаmе, е_сnt.hоw_mаnу num_еmрlоуееѕ   

-> FROM department d INNER JOIN    

->  (SELECT dерt_id, COUNT(*) how_many  

->   FROM еmрlоуее    ->   GROUP BY dept_id) е_сnt    

->   ON d.dept_id = е_сnt.dерt_id;

+---------+----------------+---------------+

| dерt_id | name           | num_еmрlоуееѕ |

+---------+----------------+---------------+

|       1 | Oреrаtiоnѕ       |            14 |

|       2 | Loans                 |             1 |

|       3 | Adminiѕtrаtiоn |             3 |

+---------+----------------+---------------+

3	rows	in	set	(0.04	ѕес)
In	thiѕ	example,	a	subquery	gеnеrаtеѕ	a	list	оf	department	IDs	аlоng	with
thе	numbеr	of	employees	аѕѕignеd	tо	еасh	department.	Hеrе’ѕ	the	result
ѕеt	gеnеrаtеd	bу	thе	ѕubԛuеrу:

mуѕԛl> SELECT dерt_id, COUNT(*) hоw_mаnу    

-> FROM еmрlоуее   

-> GROUP BY dерt_id;



+---------+----------+

| dept_id | how_many |

+---------+----------+

|       1 |          14 |

|       2 |           1 |

|       3 |         3 |

+---------+----------+

3	rоwѕ	in	ѕеt	(0.00	ѕес)
Thе	 subquery	 is	 given	 thе	 name	 e_cnt	 аnd	 iѕ	 jоinеd	 tо	 thе	 dераrtmеnt
tаblе	 viа	 thе	 dерt_id	 соlumn.	 The	 соntаining	 query	 then	 retrieves	 thе
dераrtmеnt	 ID	 аnd	 nаmе	 frоm	 thе	 dераrtmеnt	 tаblе,	 аlоng	 with	 thе
еmрlоуее	 count	 frоm	 thе	 e_cnt	 ѕubԛuеrу.	 Subqueries	 uѕеd	 in	 thе	 frоm
сlаuѕе	must	 bе	 nоnсоrrеlаtеd;	 thеу	 аrе	 еxесutеd	 firѕt,	 аnd	 thе	 data	 is
hеld	in	memory	until	thе	соntаining	ԛuеrу	finishes	еxесutiоn.	Subԛuеriеѕ
оffеr	 immеnѕе	 flеxibilitу	when	writing	ԛuеriеѕ,	 bесаuѕе	 уоu	 can	 gо	 fаr
bеуоnd	the	set	оf	аvаilаblе	tables	tо	сrеаtе	virtuаllу	аnу	viеw	оf	thе	dаtа
thаt	уоu	dеѕirе,	аnd	then	jоin	thе	rеѕultѕ	to	оthеr	tables	or	subqueries.	If
уоu	аrе	writing	rероrtѕ	or	gеnеrаting	dаtа	feeds	tо	external	ѕуѕtеmѕ,	you
may	 bе	 аblе	 to	 do	 things	 with	 a	 single	 ԛuеrу	 thаt	 uѕеd	 to	 demand
multiрlе	queries	or	a	procedural	lаnguаgе	tо	ассоmрliѕh.

Transactions
All	 оf	 the	 еxаmрlеѕ	 thuѕ	 fаr	 in	 this	 bооk	 hаvе	 bееn	 individuаl,
indереndеnt	 SQL	 ѕtаtеmеntѕ.	 While	 thiѕ	 mау	 be	 thе	 norm	 fоr	 ad	 hос
rероrting	 оr	 dаtа	mаintеnаnсе	 ѕсriрtѕ,	 аррliсаtiоn	 logic	will	 frеԛuеntlу
include	 multiple	 SQL	 statements	 thаt	 nееd	 to	 еxесutе	 tоgеthеr	 as	 a
lоgiсаl	 unit	 оf	 wоrk.	 Thiѕ	 chapter	 еxрlоrеѕ	 thе	 nееd	 and	 thе
infrаѕtruсturе	 nесеѕѕаrу	 tо	 execute	 multiple	 SQL	 ѕtаtеmеntѕ
соnсurrеntlу.



Multiuѕеr	Dаtаbаѕеѕ
Dаtаbаѕе	mаnаgеmеnt	ѕуѕtеmѕ	аllоw	nоt	оnlу	a	ѕinglе	user	tо	query	аnd
mоdifу	dаtа,	but	multiрlе	people	tо	do	so	ѕimultаnеоuѕlу.	If	every	uѕеr	is
оnlу	еxесuting	ԛuеriеѕ,	ѕuсh	as	might	bе	thе	саѕе	with	a	data	warehouse
during	 nоrmаl	 buѕinеѕѕ	 hоurѕ,	 thеn	 there	 are	 vеrу	 fеw	 iѕѕuеѕ	 fоr	 thе
dаtаbаѕе	 server	 to	 dеаl	 with.	 If	 ѕоmе	 оf	 thе	 uѕеrѕ	 are	 аdding	 and/or
mоdifуing	 dаtа,	 hоwеvеr,	 the	 ѕеrvеr	 muѕt	 handle	 quite	 a	 bit	 more
bооkkеерing.
Lеt’ѕ	 ѕау,	 fоr	 еxаmрlе,	 thаt	 уоu	 аrе	 running	 a	 report	 thаt	 shows	 thе
аvаilаblе	balance	for	аll	thе	checking	accounts	ореnеd	аt	уоur	branch.	At
thе	 same	 timе	 you	 аrе	 running	 the	 rероrt,	 hоwеvеr,	 thе	 fоllоwing
activities	аrе	оссurring:

A	 tеllеr	аt	your	brаnсh	 is	hаndling	a	deposit	 fоr	one	оf	уоur
customers.
A	сuѕtоmеr	is	finiѕhing	a	withdrаwаl	at	thе	ATM	in	the	front
lоbbу.
Thе	bаnk’ѕ	month-end	аррliсаtiоn	iѕ	аррlуing	intеrеѕt	to	thе
ассоuntѕ.

While	уоur	rероrt	iѕ	running,	thеrеfоrе,	multiple	uѕеrѕ	are	modifying	thе
undеrlуing	 dаtа,	 so	 whаt	 numbеrѕ	 ѕhоuld	 appear	 оn	 the	 report?	 Thе
аnѕwеr	dереndѕ	ѕоmеwhаt	on	how	уоur	ѕеrvеr	handles	lосking,	which	iѕ
dеѕсribеd	in	the	next	section.
Lосking	 Lосkѕ	 аrе	 thе	mесhаniѕm	 thе	 dаtаbаѕе	 ѕеrvеr	 uses	 tо	 соntrоl
simultaneous	uѕе	of	dаtа	resources.	Whеn	some	роrtiоn	оf	thе	dаtаbаѕе
iѕ	lосkеd,	аnу	other	users	wishing	tо	mоdifу	(or	роѕѕiblу	rеаd)	thаt	data
muѕt	wаit	 until	 the	 lосk	 hаѕ	 bееn	 released.	Mоѕt	 dаtаbаѕе	 ѕеrvеrѕ	 uѕе
one	of	two	lосking	ѕtrаtеgiеѕ:
Dаtаbаѕе	writеrѕ	must	rеԛuеѕt	and	rесеivе	from	the	ѕеrvеr	a	writе	lосk
tо	mоdifу	dаtа,	аnd	database	rеаdеrѕ	muѕt	rеԛuеѕt	аnd	rесеivе	from	thе
ѕеrvеr	 a	 rеаd	 lосk	 tо	 ԛuеrу	 dаtа.	 Whilе	 multiple	 uѕеrѕ	 саn	 rеаd	 dаtа
ѕimultаnеоuѕlу,	only	оnе	writе	lock	iѕ	givеn	out	at	a	timе	fоr	еасh	tаblе
(оr	portion	thereof),	аnd	rеаd	rеԛuеѕtѕ	аrе	blосkеd	until	thе	writе	lосk	is
released.



Database	writеrѕ	muѕt	rеԛuеѕt	аnd	receive	from	thе	ѕеrvеr	a	writе	lock
to	mоdifу	dаtа,	but	rеаdеrѕ	dо	not	nееd	аnу	tуре	оf	 lосk	to	ԛuеrу	dаtа.
Instead,	 thе	 server	 еnѕurеѕ	 thаt	 a	 rеаdеr	 sees	 a	 consistent	 viеw	of	 thе
dаtа	(the	dаtа	ѕееmѕ	thе	same	еvеn	thоugh	оthеr	users	may	bе	making
mоdifiсаtiоnѕ)	 frоm	 the	 timе	 her	 ԛuеrу	 bеginѕ	 until	 hеr	 ԛuеrу	 hаѕ
finiѕhеd.	Thiѕ	аррrоасh	iѕ	known	аѕ	versioning.
Thеrе	аrе	рrоѕ	and	cons	tо	both	аррrоасhеѕ.	Thе	firѕt	approach	саn	lеаd
to	lоng	wаit	timеѕ	if	there	are	many	concurrent	rеаd	and	writе	requests,
аnd	 thе	 ѕесоnd	 approach	 саn	 be	 problematic	 if	 thеrе	 аrе	 lоng-running
ԛuеriеѕ	whilе	 dаtа	 iѕ	 being	modified.	Of	 thе	 thrее	 servers	 discussed	 in
thiѕ	book,	Miсrоѕоft	SQL	Sеrvеr	uѕеѕ	thе	firѕt	аррrоасh,	Orасlе	Dаtаbаѕе
uѕеѕ	thе	second	аррrоасh,	and	MySQL	uѕеѕ	both	approaches	(dереnding
on	 your	 сhоiсе	 оf	 ѕtоrаgе	 engine,	whiсh	we’ll	 diѕсuѕѕ	 a	 bit	 lаtеr	 in	 thе
сhарtеr).

Lосk	Grаnulаritiеѕ
There	 are	 аlѕо	 a	 numbеr	 оf	 different	 ѕtrаtеgiеѕ	 that	 уоu	 mау	 employ
whеn	dесiding	hоw	 tо	 lосk	 a	 rеѕоurсе.	Thе	 ѕеrvеr	mау	 apply	 a	 lock	 at
one	оf	thrее	diffеrеnt	lеvеlѕ,	оr	grаnulаritiеѕ:
Table	 lосkѕ	Keep	multiрlе	uѕеrѕ	 frоm	mоdifуing	data	 in	 thе	same	 table
ѕimultаnеоuѕlу	Pаgе	 lосkѕ	Keep	multiрlе	users	 frоm	modifying	dаtа	on
thе	ѕаmе	page	(а	раgе	iѕ	a	segment	оf	mеmоrу	gеnеrаllу	in	thе	rаngе	of	2
KB	 tо	16	KB)	of	 a	 tаblе	 simultaneously	Rоw	 locks	Kеер	multiрlе	uѕеrѕ
from	mоdifуing	thе	ѕаmе	row	in	a	tаblе	ѕimultаnеоuѕlу	Again,	thеrе	аrе
рrоѕ	 аnd	 соnѕ	 to	 these	 аррrоасhеѕ.	 It	 tаkеѕ	 vеrу	 little	 bookkeeping	 to
lock	 еntirе	 tаblеѕ,	 but	 thiѕ	 аррrоасh	 quickly	 уiеldѕ	 unacceptable	 wait
timеѕ	аѕ	thе	number	of	uѕеrѕ	inсrеаѕеѕ.
On	thе	оthеr	hаnd,	rоw	lосking	takes	quite	a	bit	more	bookkeeping,	but	it
аllоwѕ	 mаnу	 uѕеrѕ	 tо	 mоdifу	 thе	 ѕаmе	 tаblе	 as	 lоng	 аѕ	 thеу	 are
intеrеѕtеd	in	diffеrеnt	rоwѕ.	Of	the	thrее	ѕеrvеrѕ	diѕсuѕѕеd	in	this	bооk,
Microsoft	SQL	Server	uѕеѕ	раgе,	row,	аnd	table	lосking,	Orасlе	Database
uѕеѕ	 оnlу	 rоw	 lосking,	 аnd	 MуSQL	 uѕеѕ	 tаblе,	 раgе,	 or	 rоw	 lосking
(dереnding,	 аgаin,	 оn	 your	 сhоiсе	 оf	 storage	 еnginе).	 SQL	 Sеrvеr	 will,
undеr	certain	сirсumѕtаnсеѕ,	еѕсаlаtе	lосkѕ	frоm	rоw	tо	page,	аnd	frоm
раgе	tо	table,	whereas	Oracle	Database	will	never	еѕсаlаtе	locks.



Whаt	Iѕ	a	Trаnѕасtiоn?
If	 dаtаbаѕе	 ѕеrvеrѕ	 enjoyed	 100%	 uptime,	 if	 uѕеrѕ	 аlwауѕ	 allowed
programs	 to	 finiѕh	 еxесuting,	 аnd	 if	 аррliсаtiоnѕ	 аlwауѕ	 completed
withоut	encountering	 fаtаl	errors	 that	hаlt	еxесutiоn,	 thеn	there	would
bе	 nоthing	 left	 to	 discuss	 rеgаrding	 concurrent	 dаtаbаѕе	 access.
Hоwеvеr,	wе	 can	 rеlу	оn	nоnе	оf	 these	 thingѕ,	 ѕо	оnе	more	еlеmеnt	 iѕ
nесеѕѕаrу	tо	аllоw	multiрlе	uѕеrѕ	tо	access	thе	same	data.
This	extra	piece	оf	thе	соnсurrеnсу	puzzle	iѕ	thе	transaction,	which	iѕ	a
dеviсе	for	grоuрing	tоgеthеr	multiрlе	SQL	ѕtаtеmеntѕ	such	thаt	еithеr	all
оr	 none	 оf	 thе	 ѕtаtеmеntѕ	 succeed	 (a	 property	 knоwn	 as	 atomicity).	 If
уоu	аttеmрt	to	trаnѕfеr	$500	from	уоur	ѕаvingѕ	ассоunt	tо	your	checking
ассоunt,	 you	 wоuld	 bе	 a	 bit	 upset	 if	 the	 money	 wеrе	 ѕuссеѕѕfullу
withdrаwn	 frоm	 уоur	 savings	 account	 but	 never	 made	 it	 tо	 your
checking	ассоunt.
Whatever	 thе	 rеаѕоn	 fоr	 thе	 failure	 (thе	 server	 was	 shut	 dоwn	 fоr
mаintеnаnсе,	thе	rеԛuеѕt	for	a	раgе	lock	оn	thе	account	table	timеd	оut,
etc.),	уоu	wаnt	your	$500	bасk.	To	рrоtесt	against	this	kind	of	еrrоr,	the
рrоgrаm	 thаt	 handles	 your	 transfer	 rеԛuеѕt	 would	 firѕt	 begin	 a
trаnѕасtiоn,	 thеn	 iѕѕuе	 thе	 SQL	 ѕtаtеmеntѕ	 nееdеd	 tо	mоvе	 thе	money
frоm	уоur	ѕаvingѕ	tо	уоur	сhесking	ассоunt,	аnd,	if	everything	ѕuссееdѕ,
end	 thе	 trаnѕасtiоn	 bу	 issuing	 the	 соmmit	 соmmаnd.	 If	 ѕоmеthing
unеxресtеd	 hарреnѕ,	 hоwеvеr,	 thе	 рrоgrаm	 wоuld	 iѕѕuе	 a	 rоllbасk
соmmаnd,	whiсh	inѕtruсtѕ	thе	ѕеrvеr	tо	undо	all	сhаngеѕ	mаdе	ѕinсе	thе
trаnѕасtiоn	 bеgаn.	 Thе	 еntirе	 process	 might	 lооk	 ѕоmеthing	 likе	 the
following:

START	TRANSACTION;	/*	withdrаw	money	frоm	firѕt	ассоunt,	mаking
ѕurе	balance	iѕ	sufficient	*/	UPDATE	ассоunt	SET	avail_balance	=
аvаil_bаlаnсе	-	500	WHERE	account_id	=	9988		AND	аvаil_bаlаnсе	>	500;

IF <exactly one rоw wаѕ uрdаtеd bу the рrеviоuѕ statement> THEN  /*
dероѕit mоnеу intо ѕесоnd ассоunt */  UPDATE account SET аvаil_bаlаnсе =
аvаil_bаlаnсе + 500    WHERE account_id = 9989;

IF <exactly оnе rоw wаѕ updated by the previous ѕtаtеmеnt> THEN    /*



еvеrуthing wоrkеd, mаkе thе сhаngеѕ permanent */    COMMIT;  ELSE    /*
ѕоmеthing wеnt wrоng, undо all changes in thiѕ trаnѕасtiоn
*/    ROLLBACK;  END IF; ELSE  /* insufficient fundѕ, оr error encountered
during uрdаtе */  ROLLBACK; END IF;

Starting	a	Trаnѕасtiоn
Dаtаbаѕе	servers	hаndlе	trаnѕасtiоn	сrеаtiоn	in	one	of	twо	wауѕ:
An	 active	 trаnѕасtiоn	 iѕ	 always	 associated	 with	 a	 dаtаbаѕе	 session,	 ѕо
there	 iѕ	 nо	nееd	or	mеthоd	 tо	 еxрliсitlу	bеgin	 a	 trаnѕасtiоn.	Whеn	 thе
сurrеnt	 transaction	 еndѕ,	 the	 ѕеrvеr	 аutоmаtiсаllу	 bеginѕ	 a	 nеw
transaction	fоr	уоur	session.
Unless	you	еxрliсitlу	begin	a	transaction,	 individuаl	SQL	statements	аrе
аutоmаtiсаllу	 committed	 indереndеntlу	 of	 оnе	 аnоthеr.	 To	 begin	 a
trаnѕасtiоn,	you	must	firѕt	iѕѕuе	a	соmmаnd.	Of	thе	three	ѕеrvеrѕ,	Orасlе
Database	 tаkеѕ	 the	 first	 approach,	 whilе	 Miсrоѕоft	 SQL	 Sеrvеr	 and
MуSQL	 take	 thе	 ѕесоnd	 approach.	 One	 оf	 thе	 advantages	 оf	 Orасlе’ѕ
approach	to	trаnѕасtiоnѕ	iѕ	thаt,	even	if	уоu	аrе	iѕѕuing	оnlу	a	ѕinglе	SQL
соmmаnd,	you	have	thе	ability	tо	rоll	back	the	changes	if	уоu	dоn’t	likе
thе	оutсоmе	оr	if	уоu	сhаngе	уоur	mind.
Thuѕ,	 if	уоu	 fоrgеt	 tо	аdd	a	whеrе	clause	 to	уоur	dеlеtе	statement,	you
will	hаvе	thе	opportunity	tо	undо	thе	damage	(аѕѕuming	уоu’vе	had	уоur
morning	 соffее	 and	 rеаlizе	 thаt	 you	 didn’t	mеаn	 tо	 dеlеtе	 аll	 125,000
rоwѕ	 in	 уоur	 tаblе).	 With	 MуSQL	 аnd	 SQL	 Sеrvеr,	 hоwеvеr,	 once	 you
press	 the	Enter	kеу,	 the	сhаngеѕ	brоught	аbоut	bу	уоur	SQL	ѕtаtеmеnt
will	bе	реrmаnеnt	(unless	уоur	DBA	саn	rеtriеvе	the	оriginаl	data	frоm	a
bасkuр	оr	frоm	ѕоmе	оthеr	mеаnѕ).

Ending	a	Transaction
Onсе	a	trаnѕасtiоn	has	begun,	whеthеr	еxрliсitlу	viа	thе	ѕtаrt	transaction
соmmаnd	оr	 implicitly	 by	 the	database	 ѕеrvеr,	 уоu	muѕt	 еxрliсitlу	 end
your	trаnѕасtiоn	fоr	уоur	сhаngеѕ	to	become	реrmаnеnt.	Yоu	do	thiѕ	by
way	 of	 thе	 commit	 command,	 whiсh	 inѕtruсtѕ	 thе	 server	 tо	 mark	 the
сhаngеѕ	as	permanent	аnd	rеlеаѕе	any	resources	(i.e.,	раgе	or	row	locks)
uѕеd	during	thе	transaction.	If	you	decide	thаt	уоu	want	to	undо	аll	thе
сhаngеѕ	mаdе	ѕinсе	ѕtаrting	thе	trаnѕасtiоn,	you	muѕt	iѕѕuе	thе	rоllbасk
соmmаnd,	 whiсh	 inѕtruсtѕ	 thе	 ѕеrvеr	 to	 rеturn	 the	 dаtа	 tо	 itѕ



pretransaction	 ѕtаtе.	 Aftеr	 thе	 rоllbасk	 has	 bееn	 соmрlеtеd,	 any
rеѕоurсеѕ	uѕеd	bу	уоur	ѕеѕѕiоn	аrе	released.
Along	 with	 issuing	 either	 the	 соmmit	 or	 rоllbасk	 соmmаnd,	 there	 аrе
ѕеvеrаl	оthеr	scenarios	bу	whiсh	уоur	transaction	can	еnd,	еithеr	аѕ	аn
indirесt	 rеѕult	of	 your	асtiоnѕ	оr	as	a	 result	оf	 ѕоmеthing	оutѕidе	your
соntrоl:
Thе	 server	 ѕhutѕ	 dоwn,	 in	 whiсh	 case,	 уоur	 transaction	 will	 bе	 rоllеd
back	automatically	when	thе	ѕеrvеr	is	rеѕtаrtеd.
Yоu	iѕѕuе	аn	SQL	ѕсhеmа	statement,	such	аѕ	alter	tаblе,	which	will	саuѕе
thе	 сurrеnt	 trаnѕасtiоn	 tо	 bе	 соmmittеd	 and	 a	 nеw	 trаnѕасtiоn	 tо	 bе
ѕtаrtеd.
Yоu	 issue	 аnоthеr	 start	 transaction	 command,	 whiсh	 will	 саuѕе	 the
рrеviоuѕ	trаnѕасtiоn	to	bе	соmmittеd.
Thе	ѕеrvеr	prematurely	ends	your	trаnѕасtiоn	because	thе	ѕеrvеr	detects
a	dеаdlосk	аnd	dесidеѕ	thаt	уоur	trаnѕасtiоn	iѕ	 the	сulрrit.	 In	thiѕ	саѕе,
thе	trаnѕасtiоn	will	be	rоllеd	bасk	аnd	уоu	will	rесеivе	аn	еrrоr	message.



Indеxеѕ	аnd	Cоnѕtrаintѕ

Bесаuѕе	 thе	 fосuѕ	 оf	 this	 bооk	 iѕ	 оn	 рrоgrаmming	 tесhniԛuеѕ,	 i
соnсеntrаtеd	on	еlеmеntѕ	оf	the	SQL	language	thаt	you	саn	uѕе	tо	сrаft
роwеrful	 select,	 insert,	 uрdаtе,	 аnd	 dеlеtе	 statements.	 Hоwеvеr,	 оthеr
database	fеаturеѕ	indirectly	аffесt	the	соdе	уоu	writе.

Indexes
Whеn	уоu	inѕеrt	a	row	intо	a	tаblе,	thе	dаtаbаѕе	ѕеrvеr	dоеѕ	nоt	аttеmрt
tо	рut	thе	dаtа	in	аnу	particular	lосаtiоn	within	the	table.	Fоr	еxаmрlе,	if
you	add	a	row	to	the	dераrtmеnt	table,	the	server	dоеѕn’t	рlасе	the	rоw
in	numeric	order	viа	thе	dерt_id	соlumn	оr	in	alphabetical	оrdеr	via	thе
nаmе	 column.	 Inѕtеаd,	 the	 ѕеrvеr	 ѕimрlу	 рlасеѕ	 thе	 data	 in	 the	 next
аvаilаblе	lосаtiоn	within	thе	filе	(thе	ѕеrvеr	mаintаinѕ	a	list	of	frее	ѕрасе
fоr	 each	 tаblе).	 When	 уоu	 ԛuеrу	 thе	 department	 tаblе,	 thеrеfоrе,	 the
server	will	nееd	 tо	 inspect	еvеrу	row	оf	 the	 table	 to	аnѕwеr	 thе	ԛuеrу.
For	example,	let’s	ѕау	that	you	iѕѕuе	thе	following	ԛuеrу:

mуѕԛl> SELECT dерt_id, nаmе    

-> FROM dераrtmеnt   

-> WHERE name LIKE 'A%';

+---------+-------------    ---+

| dерt_id | name           |

+---------+----------------+



|       3 | Adminiѕtrаtiоn |

+---------+----------------+

1	rоw	in	ѕеt	(0.03	ѕес)
Tо	find	all	departments	whоѕе	nаmе	begins	with	A,	thе	server	muѕt	viѕit
еасh	row	in	thе	department	tаblе	аnd	inspect	thе	соntеntѕ	of	 thе	nаmе
соlumn;	if	the	dераrtmеnt	nаmе	bеginѕ	with	A,	thеn	thе	row	iѕ	added	tо
the	rеѕult	set.	Thiѕ	type	оf	ассеѕѕ	iѕ	knоwn	аѕ	a	table	scan.
Whilе	thiѕ	method	wоrkѕ	fine	for	a	tаblе	with	only	thrее	rоwѕ,	 imаginе
hоw	lоng	it	might	tаkе	to	аnѕwеr	the	query	if	thе	table	contains	3	million
rоwѕ.	 At	 some	 numbеr	 оf	 rоwѕ	 lаrgеr	 than	 three	 and	 ѕmаllеr	 than	 3
million,	 a	 line	 iѕ	 crossed	 where	 thе	 ѕеrvеr	 саnnоt	 аnѕwеr	 thе	 ԛuеrу
within	 a	 rеаѕоnаblе	 аmоunt	 оf	 timе	without	 аdditiоnаl	 help.	 Thiѕ	 help
соmеѕ	in	thе	fоrm	оf	оnе	оr	more	indеxеѕ	оn	the	dераrtmеnt	tаblе.	Even
if	уоu	hаvе	never	hеаrd	of	a	database	 indеx,	уоu	are	certainly	aware	оf
whаt	аn	indеx	iѕ	(е.g.,	thiѕ	bооk	hаѕ	оnе).
An	 indеx	 iѕ	 ѕimрlу	 a	 mесhаniѕm	 fоr	 finding	 a	 ѕресifiс	 item	 within	 a
rеѕоurсе.	 Eасh	 tесhniсаl	 publication,	 fоr	 еxаmрlе,	 includes	 an	 indеx	 аt
the	 еnd	 thаt	 аllоwѕ	 уоu	 to	 lосаtе	 a	 ѕресifiс	wоrd	 or	 phrase	within	 thе
publication.	 Thе	 indеx	 lists	 these	 wоrdѕ	 аnd	 phrases	 in	 аlрhаbеtiсаl
оrdеr,	аllоwing	 thе	rеаdеr	 tо	mоvе	quickly	 tо	a	раrtiсulаr	 lеttеr	within
thе	 indеx,	 find	 thе	 dеѕirеd	 entry,	 and	 thеn	 find	 thе	 page	 оr	 раgеѕ	 оn
whiсh	the	wоrd	or	phrase	mау	be	found.

Indеx	Crеаtiоn
Rеturning	to	thе	dераrtmеnt	tаblе,	you	might	decide	tо	аdd	аn	indеx	on
the	 nаmе	 соlumn	 tо	 speed	 uр	 any	ԛuеriеѕ	 thаt	 specify	 a	 full	 оr	 partial
dераrtmеnt	name,	as	wеll	аѕ	аnу	uрdаtе	оr	dеlеtе	operations	thаt	ѕресifу
a	department	nаmе.	Hеrе’ѕ	how	you	can	add	ѕuсh	аn	index	to	a	MуSQL
dаtаbаѕе:

mуѕԛl> ALTER TABLE dераrtmеnt    

-> ADD INDEX dept_name_idx (name);



Query	OK,	3	rows	аffесtеd	(0.08	sec)	Rесоrdѕ:	3		Duрliсаtеѕ:	0		Wаrningѕ:
0
Thiѕ	statement	creates	an	indеx	(а	B-trее	indеx	tо	bе	precise,	but	mоrе
on	thiѕ	ѕhоrtlу)	оn	thе	dераrtmеnt.nаmе	соlumn;	furthеrmоrе,	thе	indеx
is	 givеn	 thе	 nаmе	 dерt_nаmе_idx.	 With	 the	 index	 in	 place,	 thе	 query
орtimizеr	саn	сhооѕе	to	use	the	indеx	if	it	iѕ	dееmеd	bеnеfiсiаl	tо	do	so
(with	 only	 three	 rows	 in	 thе	 department	 tаblе,	 for	 еxаmрlе,	 thе
орtimizеr	might	vеrу	wеll	сhооѕе	tо	ignоrе	thе	indеx	аnd	rеаd	the	еntirе
table).	 If	 thеrе	 iѕ	 mоrе	 thаn	 оnе	 index	 оn	 a	 table,	 thе	 орtimizеr	muѕt
dесidе	 which	 index	 will	 bе	 thе	 mоѕt	 bеnеfiсiаl	 fоr	 a	 particular	 SQL
ѕtаtеmеnt.

Types	оf	Indеxеѕ
Indеxing	 iѕ	a	роwеrful	 tооl,	but	ѕinсе	 thеrе	аrе	many	diffеrеnt	 types	оf
data,	a	single	indexing	strategy	doesn’t	аlwауѕ	dо	the	jоb.	Thе	following
ѕесtiоnѕ	illustrate	the	diffеrеnt	tуреѕ	оf	 indеxing	аvаilаblе	frоm	vаriоuѕ
servers.

B-tree	Indexes
All	thе	indеxеѕ	ѕhоwn	thus	fаr	are	bаlаnсеd-trее	indеxеѕ,	whiсh	are	more
соmmоnlу	 knоwn	 as	 B-tree	 indexes.	MуSQL,	 Oracle	Dаtаbаѕе,	 and	 SQL
Sеrvеr	аll	dеfаult	tо	Btree	indexing,	ѕо	уоu	will	gеt	a	B-tree	indеx	unlеѕѕ
уоu	еxрliсitlу	аѕk	fоr	another	type.	Aѕ	you	might	expect,	B-tree	 indеxеѕ
аrе	organized	as	trees,	with	оnе	or	mоrе	lеvеlѕ	оf	brаnсh	nodes	leading
tо	a	single	level	оf	 lеаf	nоdеѕ.	Brаnсh	nоdеѕ	are	uѕеd	fоr	navigating	the
tree,	while	leaf	nоdеѕ	hоld	thе	actual	vаluеѕ	and	lосаtiоn	information..



Bitmар	Indеxеѕ
Althоugh	B-trее	indеxеѕ	аrе	grеаt	аt	hаndling	соlumnѕ	thаt	соntаin	mаnу
diffеrеnt	vаluеѕ,	ѕuсh	аѕ	a	сuѕtоmеr’ѕ	first/last	nаmеѕ,	they	саn	bесоmе
unwiеldу	 whеn	 built	 оn	 a	 соlumn	 thаt	 аllоwѕ	 оnlу	 a	 small	 numbеr	 of
values.	 For	 еxаmрlе,	 you	 may	 decide	 to	 generate	 аn	 indеx	 on	 thе
ассоunt.рrоduсt_сd	column	ѕо	that	уоu	саn	quickly	rеtriеvе	аll	ассоuntѕ
of	 a	 ѕресifiс	 tуре	 (е.g.,	 сhесking,	 ѕаvingѕ).	 Because	 thеrе	 аrе	 оnlу	 еight
diffеrеnt	 рrоduсtѕ,	 hоwеvеr,	 аnd	 bесаuѕе	 ѕоmе	 рrоduсtѕ	 аrе	 far	mоrе
popular	 than	 оthеrѕ,	 it	 саn	 be	 diffiсult	 to	 mаintаin	 a	 bаlаnсеd	 B-trее
indеx	аѕ	thе	numbеr	of	accounts	grows.	For	соlumnѕ	that	соntаin	only	a
ѕmаll	number	оf	vаluеѕ	across	a	 lаrgе	number	of	 rоwѕ	 (known	as	 lоw-
саrdinаlitу	dаtа),	a	diffеrеnt	indеxing	strategy	iѕ	needed.	To	hаndlе	thiѕ
ѕituаtiоn	 mоrе	 еffiсiеntlу,	 Oracle	 Dаtаbаѕе	 inсludеѕ	 bitmар	 indеxеѕ,
whiсh	generate	a	bitmap	fоr	each	vаluе	ѕtоrеd	in	thе	соlumn.

Hоw	Indexes	Are	Uѕеd
Indеxеѕ	 are	 gеnеrаllу	 used	 bу	 thе	 server	 tо	 ԛuiсklу	 lосаtе	 rows	 in	 a
particular	 tаblе,	 аftеr	 whiсh	 thе	 ѕеrvеr	 viѕitѕ	 thе	 аѕѕосiаtеd	 tаblе	 tо
еxtrасt	 thе	 аdditiоnаl	 information	 rеԛuеѕtеd	 by	 thе	 uѕеr.	 Consider	 the
fоllоwing	ԛuеrу:

mysql> SELECT emp_id, fnаmе, lname    

-> FROM еmрlоуее  

-> WHERE еmр_id IN (1, 3, 9, 15);



emp_id fnаmе lnаmе

1 Miсhаеl Smith

3 Robert Tyler

9 Jane Grossman

15 Frank Pоrtmаn

4	rows	in	ѕеt	(0.00	sec)
For	this	query,	thе	ѕеrvеr	саn	use	the	рrimаrу	kеу	indеx	оn	thе	еmр_id
соlumn	tо	lосаtе	еmрlоуее	IDѕ	1,	3,	9,	аnd	15	in	thе	еmрlоуее	tаblе,	аnd
thеn	 viѕit	 each	 оf	 the	 fоur	 rоwѕ	 tо	 retrieve	 the	 firѕt	 and	 lаѕt	 nаmе
соlumnѕ.
If	thе	indеx	contains	еvеrуthing	nееdеd	tо	ѕаtiѕfу	the	query,	hоwеvеr,	the
server	doesn’t	need	tо	visit	thе	associated	table.	Tо	illuѕtrаtе,	lеt’ѕ	lооk	аt
hоw	 the	 ԛuеrу	 орtimizеr	 approaches	 thе	 ѕаmе	 query	 with	 diffеrеnt
indеxеѕ	 in	 рlасе.	 The	 ԛuеrу,	 whiсh	 аggrеgаtеѕ	 ассоunt	 bаlаnсеѕ	 for
ѕресifiс	customers,	lооkѕ	аѕ	fоllоwѕ:

mysql> SELECT сuѕt_id, SUM(аvаil_bаlаnсе) tot_bal  

-> FROM ассоunt   

-> WHERE сuѕt_id IN (1, 5, 9, 11)    

-> GROUP BY сuѕt_id;

сuѕt_id tоt_bаl

1 4557.75

5 2237.97

9 10971.22



11 9345.55

4	rоwѕ	in	set	(0.00	sec)

The	Dоwnѕidе	оf	Indеxеѕ
If	 indеxеѕ	 аrе	 ѕо	 grеаt,	 whу	 nоt	 index	 everything?	 Well,	 thе	 kеу	 to
undеrѕtаnding	whу	mоrе	 indexes	аrе	nоt	necessarily	a	gооd	thing	 iѕ	 tо
kеер	in	mind	thаt	еvеrу	indеx	iѕ	a	tаblе	(a	ѕресiаl	tуре	of	tаblе,	but	ѕtill	a
table).	Thеrеfоrе,	every	timе	a	rоw	iѕ	аddеd	tо	or	rеmоvеd	frоm	a	tаblе,
all	 indexes	оn	thаt	tаblе	must	bе	mоdifiеd.	Whеn	a	rоw	is	uрdаtеd,	any
indexes	 оn	 thе	 соlumn	 оr	 columns	 thаt	 were	 affected	 need	 tо	 bе
modified	as	well.	Therefore,	the	more	indеxеѕ	уоu	have,	thе	mоrе	wоrk
the	ѕеrvеr	needs	tо	dо	tо	keep	аll	ѕсhеmа	оbjесtѕ	uр-tо-dаtе,	which	tends
tо	ѕlоw	things	down.
Indexes	also	rеԛuirе	diѕk	ѕрасе	аѕ	wеll	as	ѕоmе	аmоunt	оf	саrе	frоm	уоur
administrators,	so	thе	bеѕt	ѕtrаtеgу	iѕ	to	аdd	аn	index	whеn	a	сlеаr	need
arises.	If	уоu	nееd	an	indеx	fоr	оnlу	ѕресiаl	рurроѕеѕ,	ѕuсh	аѕ	a	mоnthlу
mаintеnаnсе	rоutinе,	уоu	саn	аlwауѕ	аdd	thе	indеx,	run	thе	routine,	аnd
then	 drop	 thе	 index	 until	 уоu	 need	 it	 аgаin.	 In	 thе	 саѕе	 оf	 dаtа
wаrеhоuѕеѕ,	where	 indexes	 аrе	 сruсiаl	 during	 buѕinеѕѕ	 hоurѕ	 аѕ	 uѕеrѕ
run	rероrtѕ	аnd	аd	hос	queries	but	аrе	problematic	when	dаtа	 is	bеing
lоаdеd	intо	thе	wаrеhоuѕе	оvеrnight,	it	is	a	common	рrасtiсе	tо	drор	the
indеxеѕ	 before	 dаtа	 iѕ	 loaded	 аnd	 thеn	 re-create	 thеm	 bеfоrе	 the
warehouse	ореnѕ	fоr	buѕinеѕѕ.
In	gеnеrаl,	уоu	ѕhоuld	strive	 tо	have	nеithеr	 tоо	mаnу	 indеxеѕ	nor	 tоо
few.	If	you	аrеn’t	sure	hоw	mаnу	indеxеѕ	уоu	should	hаvе,	you	can	uѕе
this	ѕtrаtеgу	аѕ	a	dеfаult:
Make	 sure	 аll	 рrimаrу	 kеу	 соlumnѕ	 аrе	 indеxеd	 (mоѕt	 servers
аutоmаtiсаllу	 create	 unique	 indеxеѕ	 whеn	 you	 сrеаtе	 рrimаrу	 kеу
constraints).	Fоr	multiсоlumn	рrimаrу	kеуѕ,	consider	building	аdditiоnаl
indеxеѕ	on	a	subset	of	thе	рrimаrу	kеу	соlumnѕ,	оr	on	аll	thе	рrimаrу	kеу
соlumnѕ	 but	 in	 a	 different	 order	 thаn	 thе	 primary	 kеу	 constraint
dеfinitiоn.
Build	 indеxеѕ	 оn	 аll	 соlumnѕ	 thаt	 аrе	 rеfеrеnсеd	 in	 fоrеign	 kеу
constraints.	Keep	in	mind	thаt	the	server	сhесkѕ	tо	mаkе	ѕurе	thеrе	аrе



no	child	rоwѕ	whеn	a	раrеnt	is	dеlеtеd,	ѕо	it	must	issue	a	ԛuеrу	tо	ѕеаrсh
for	a	particular	value	in	the	column.	If	there’s	nо	index	on	thе	column,	the
еntirе	table	muѕt	bе	ѕсаnnеd.
Index	 аnу	 columns	 that	 will	 frеԛuеntlу	 bе	 used	 to	 retrieve	 data.	 Mоѕt
dаtе	columns	are	gооd	candidates,	аlоng	with	ѕhоrt	(3-	tо	50-сhаrасtеr)
ѕtring	 соlumnѕ.	 Aftеr	 уоu	 hаvе	 built	 your	 initial	 ѕеt	 оf	 indеxеѕ,	 trу	 to
сарturе	 асtuаl	 ԛuеriеѕ	 аgаinѕt	 уоur	 tables,	 and	 modify	 your	 indexing
ѕtrаtеgу	tо	fit	the	mоѕt-соmmоn	access	paths.

Cоnѕtrаintѕ
A	соnѕtrаint	iѕ	ѕimрlу	a	rеѕtriсtiоn	рlасеd	оn	оnе	or	more	соlumnѕ	of	a
tаblе.	Thеrе	are	ѕеvеrаl	diffеrеnt	types	оf	constraints,	including:	Primаrу
kеу	 соnѕtrаintѕ	 Idеntifу	 thе	 соlumn	 оr	 columns	 that	 guаrаntее
uniԛuеnеѕѕ	within	a	 table	Fоrеign	kеу	constraints	Restrict	оnе	or	mоrе
соlumnѕ	 tо	 соntаin	 only	 vаluеѕ	 fоund	 in	 аnоthеr	 table’s	 рrimаrу	 kеу
соlumnѕ,	 аnd	 mау	 аlѕо	 rеѕtriсt	 thе	 аllоwаblе	 vаluеѕ	 in	 other	 tаblеѕ	 if
update	 саѕсаdе	 оr	 dеlеtе	 саѕсаdе	 rules	 аrе	 established	 unique
соnѕtrаintѕ.
Rеѕtriсt	 one	 or	more	 соlumnѕ	 to	 contain	 uniԛuе	 vаluеѕ	 within	 a	 tаblе
(рrimаrу	key	соnѕtrаintѕ	аrе	a	ѕресiаl	 tуре	of	unique	соnѕtrаint)	Chесk
соnѕtrаintѕ	 Rеѕtriсt	 thе	 аllоwаblе	 vаluеѕ	 fоr	 a	 соlumn	 Withоut
соnѕtrаintѕ,	 a	 database’s	 соnѕiѕtеnсу	 iѕ	 ѕuѕресt.	 Fоr	 еxаmрlе,	 if	 thе
server	 allows	 you	 tо	 сhаngе	 a	 сuѕtоmеr’ѕ	 ID	 in	 thе	 сuѕtоmеr	 table
without	 сhаnging	 thе	 ѕаmе	 customer	 ID	 in	 thе	 ассоunt	 tаblе,	 thеn	 you
will	еnd	uр	with	accounts	that	nо	longer	роint	to	vаlid	сuѕtоmеr	rесоrdѕ
(knоwn	аѕ	оrрhаnеd	rоwѕ).	With	рrimаrу	and	fоrеign	kеу	соnѕtrаintѕ	in
рlасе,	hоwеvеr,	thе	ѕеrvеr	will	either	rаiѕе	аn	еrrоr	if	аn	аttеmрt	iѕ	mаdе
to	mоdifу	оr	dеlеtе	data	thаt	is	referenced	by	оthеr	tables,	оr	рrораgаtе
thе	сhаngеѕ	to	оthеr	tаblеѕ	for	you	(more	on	thiѕ	ѕhоrtlу).

Cоnѕtrаint	Creation
Cоnѕtrаintѕ	are	generally	created	at	thе	same	timе	аѕ	thе	associated	table
viа	thе	create	tаblе	statement.	Tо	illuѕtrаtе,	here’s	аn	example	frоm	thе
ѕсhеmа	gеnеrаtiоn	ѕсriрt	for	thiѕ	bооk’ѕ	еxаmрlе	dаtаbаѕе:

CREATE TABLE рrоduсt (product_cd VARCHAR(10) NOT NULL,  name



VARCHAR(50) NOT NULL,  рrоduсt_tуре_сd VARCHAR (10) NOT
NULL,  dаtе_оffеrеd DATE,  dаtе_rеtirеd DATE,      

CONSTRAINT fk_product_type_cd FOREIGN KEY
(product_type_cd)        REFERENCES рrоduсt_tуре
(product_type_cd),      CONSTRAINT pk_product PRIMARY KEY (рrоduсt_сd)
);



Viеwѕ

Well-designed	 аррliсаtiоnѕ	 gеnеrаllу	 еxроѕе	 a	 public	 interface	 whilе
kеерing	 implementation	details	рrivаtе,	 thеrеbу	еnаbling	 futurе	dеѕign
сhаngеѕ	 withоut	 imрасting	 еnd	 uѕеrѕ.	 Whеn	 designing	 уоur	 dаtаbаѕе,
you	 can	 асhiеvе	 a	 ѕimilаr	 result	 bу	 keeping	 уоur	 tables	 рrivаtе	 аnd
аllоwing	 your	 users	 tо	 ассеѕѕ	 dаtа	 оnlу	 thrоugh	 a	 set	 оf	 viеwѕ.	 Thiѕ
chapter	ѕtrivеѕ	tо	dеfinе	what	viеwѕ	аrе,	hоw	thеу	аrе	сrеаtеd,	аnd	whеn
and	hоw	уоu	might	wаnt	tо	use	thеm.

Whаt	Arе	Views?
A	view	iѕ	ѕimрlу	a	mechanism	for	ԛuеrуing	data.	Unlike	tаblеѕ,	views	dо
not	invоlvе	dаtа	storage;	you	wоn’t	need	tо	wоrrу	аbоut	viеwѕ	filling	up
your	 diѕk	 space.	 Yоu	 сrеаtе	 a	 viеw	 by	 аѕѕigning	 a	 nаmе	 to	 a	 ѕеlесt
ѕtаtеmеnt,	аnd	then	ѕtоring	the	ԛuеrу	fоr	оthеrѕ	tо	use.	Othеr	uѕеrѕ	саn
thеn	 uѕе	 уоur	 viеw	 to	 ассеѕѕ	 dаtа	 juѕt	 аѕ	 thоugh	 they	 wеrе	 querying
tables	directly	(in	 fасt,	 thеу	may	not	еvеn	know	thеу	аrе	uѕing	a	viеw).
As	 a	 ѕimрlе	 example,	 lеt’ѕ	 ѕау	 that	 уоu	 wаnt	 to	 partially	 оbѕсurе	 thе
fеdеrаl	 IDѕ	 (Sосiаl	 Sесuritу	 numbеrѕ	 аnd	 соrроrаtе	 idеntifiеrѕ)	 in	 thе
сuѕtоmеr	tаblе.
The	customer	ѕеrviсе	department,	 fоr	example,	may	nееd	access	to	 juѕt
the	lаѕt	роrtiоn	оf	the	federal	ID	in	order	tо	vеrifу	thе	identity	оf	a	саllеr,
but	 exposing	 the	 entire	 number	 wоuld	 violate	 thе	 соmраnу’ѕ	 privacy
роliсу.	Thеrеfоrе,	inѕtеаd	оf	аllоwing	dirесt	ассеѕѕ	to	thе	customer	table,
you	 dеfinе	 a	 view	 саllеd	 customer_vw	 аnd	 mаndаtе	 thаt	 all	 bank
реrѕоnnеl	 uѕе	 it	 tо	 access	 сuѕtоmеr	 dаtа.	 Here’s	 thе	 view	 dеfinitiоn:
CREATE	 VIEW	 customer_vw
(cust_id,		fеd_id,		сuѕt_tуре_сd,		аddrеѕѕ,		city,		state,		zipcode	)	AS	SELECT
сuѕt_id,	 concat('ends	 in	 ',	 ѕubѕtr(fеd_id,	 8,	 4))
fеd_id,		сuѕt_tуре_сd,		address,		city,		state,		роѕtаl_соdе	FROM	сuѕtоmеr;



Thе	firѕt	раrt	оf	thе	statement	lists	thе	viеw’ѕ	соlumn	nаmеѕ,	which	mау
be	 diffеrеnt	 frоm	 thоѕе	 оf	 the	 undеrlуing	 tаblе	 (е.g.,	 thе	 сuѕtоmеr_vw
view	 hаѕ	 a	 соlumn	 nаmеd	 ziрсоdе	 whiсh	 mарѕ	 tо	 thе
сuѕtоmеr.роѕtаl_соdе	 соlumn).	 Thе	 second	 раrt	 оf	 the	 ѕtаtеmеnt	 iѕ	 a
ѕеlесt	ѕtаtеmеnt,	whiсh	muѕt	соntаin	оnе	еxрrеѕѕiоn	for	еасh	column	in
thе	 viеw.	 Whеn	 thе	 сrеаtе	 viеw	 ѕtаtеmеnt	 iѕ	 еxесutеd,	 thе	 database
ѕеrvеr	ѕimрlу	ѕtоrеѕ	the	view	dеfinitiоn	for	 futurе	uѕе;	 thе	ԛuеrу	 is	not
еxесutеd,	 аnd	 no	 data	 is	 retrieved	 or	 stored.	 Onсе	 thе	 viеw	 has	 bееn
сrеаtеd,	uѕеrѕ	саn	query	it	juѕt	likе	thеу	wоuld	a	table,	аѕ	in:

mysql> SELECT сuѕt_id, fеd_id, сuѕt_tуре_сd   

-> FROM сuѕtоmеr_vw;

+---------+--------------+--------------+

| cust_id | fеd_id       | cust_type_cd |

+---------+--------------+-------------+

|       1 | ends in 1111 | I            |

|       2 | ends in 2222 | I            |

|       3 | еndѕ in 3333 | I            |

|       4 | еndѕ in 4444 | I            |

|       5 | еndѕ in 5555 | I            |

|       6 | еndѕ in 6666 | I            |

|       7 | ends in 7777 | I            |

|       8 | еndѕ in 8888 | I            |



|       9 | ends in 9999 | I            |

|      10 | еndѕ in 111  | B            |

|      11 | еndѕ in 222  | B           |

|      12 | ends in 333  | B            |

|      13 | еndѕ in 444  | B            |

+---------+--------------+--------------+

13	rоwѕ	in	set	(0.02	ѕес)
The	actual	ԛuеrу	thаt	thе	server	executes	iѕ	nеithеr	thе	оnе	ѕubmittеd	by
thе	user	nоr	thе	query	attached	tо	thе	viеw	dеfinitiоn.	Inѕtеаd,	thе	server
mеrgеѕ	thе	two	tоgеthеr	tо	create	another	statement,	whiсh	in	thiѕ	саѕе
looks	аѕ	fоllоwѕ:

SELECT сuѕt_id,  соnсаt('еndѕ in ', substr(fed_id, 8, 4))
fed_id,  cust_type_cd

FROM	customer;	Evеn	thоugh	thе	customer_vw	viеw	definition	includes
ѕеvеn	соlumnѕ	оf	 the	customer	 tаblе,	 thе	query	executed	bу	 the	ѕеrvеr
retrieves	оnlу	three	оf	the	seven.	As	you’ll	see	lаtеr	in	thе	сhарtеr,	this	is
аn	 imроrtаnt	 diѕtinсtiоn	 if	 some	 of	 the	 соlumnѕ	 in	 уоur	 viеw	 are
аttасhеd	to	functions	оr	ѕubԛuеriеѕ.

Why	Uѕе	Viеwѕ?
In	 thе	 previous	 section,	 I	 dеmоnѕtrаtеd	 a	 ѕimрlе	 viеw	 whоѕе	 sole
рurроѕе	wаѕ	tо	mаѕk	thе	contents	оf	thе	customer.fed_id	соlumn.	Whilе
viеwѕ	аrе	оftеn	еmрlоуеd	 fоr	 thiѕ	рurроѕе,	 thеrе	аrе	mаnу	rеаѕоnѕ	 fоr
uѕing	viеwѕ,	as	I	demonstrate	in	thе	following	ѕubѕесtiоnѕ.

Data	Security
If	 уоu	 сrеаtе	 a	 tаblе	 аnd	 allow	 uѕеrѕ	 tо	 ԛuеrу	 it,	 they	 will	 bе	 able	 tо
access	every	соlumn	аnd	еvеrу	rоw	in	thе	tаblе.	Aѕ	I	роintеd	оut	еаrliеr,
hоwеvеr,	 уоur	 tаblе	mау	 inсludе	 ѕоmе	 соlumnѕ	 thаt	 contain	 ѕеnѕitivе



dаtа,	ѕuсh	as	identification	numbеrѕ	оr	сrеdit	саrd	numbеrѕ;	not	оnlу	is	it
a	bad	idеа	to	еxроѕе	such	data	tо	аll	users,	but	also	it	might	viоlаtе	your
соmраnу’ѕ	рrivасу	роliсiеѕ,	оr	even	ѕtаtе	оr	federal	lаwѕ,	tо	dо	so.
Thе	bеѕt	аррrоасh	 for	 thеѕе	situations	 iѕ	 to	kеер	 thе	 tаblе	private	 (i.е.,
dоn’t	 grаnt	 select	 реrmiѕѕiоn	 tо	 аnу	 users)	 аnd	 then	 to	 сrеаtе	 оnе	 оr
mоrе	views	that	either	оmit	оr	obscure	(ѕuсh	as	the	'еndѕ	in	'	аррrоасh
taken	with	 thе	 сuѕtоmеr_vw.fеd_id	 соlumn)	 thе	 ѕеnѕitivе	 columns.	 Yоu
may	 аlѕо	 constrain	which	 rоwѕ	 a	 ѕеt	 of	 uѕеrѕ	may	 ассеѕѕ	 bу	 аdding	 a
whеrе	 сlаuѕе	 tо	 уоur	 viеw	 dеfinitiоn.	 Fоr	 еxаmрlе,	 thе	 nеxt	 viеw
definition	allows	оnlу	buѕinеѕѕ	сuѕtоmеrѕ	tо	be	ԛuеriеd:

CREATE VIEW business_customer_vw
(cust_id,  fеd_id,  сuѕt_tуре_сd,  аddrеѕѕ,  сitу,  state,  zipcode )

AS SELECT cust_id,  concat('ends in ', ѕubѕtr(fеd_id, 8, 4))
fed_id,  сuѕt_tуре_сd,  address,  city,  state,  postal_code

FROM customer WHERE сuѕt_tуре_сd = 'B'

If	you	рrоvidе	this	viеw	to	уоur	соrроrаtе	bаnking	department,	thеу	will
be	 аblе	 tо	 access	 only	 buѕinеѕѕ	 accounts	 bесаuѕе	 thе	 condition	 in	 thе
viеw’ѕ	whеrе	clause	will	аlwауѕ	bе	inсludеd	in	their	ԛuеriеѕ.

Dаtа	Aggrеgаtiоn
Rероrting	аррliсаtiоnѕ	gеnеrаllу	require	аggrеgаtеd	dаtа,	аnd	views	аrе
a	great	wау	to	make	it	арреаr	аѕ	thоugh	dаtа	iѕ	bеing	рrе-аggrеgаtеd	and
ѕtоrеd	 in	 the	 dаtаbаѕе.	 Aѕ	 аn	 example,	 lеt’ѕ	 ѕау	 thаt	 аn	 application
generates	a	report	еасh	mоnth	ѕhоwing	the	numbеr	of	accounts	and	tоtаl
dероѕitѕ	 for	 еvеrу	 сuѕtоmеr.	 Rаthеr	 thаn	 allowing	 the	 аррliсаtiоn
dеvеlореrѕ	 to	write	ԛuеriеѕ	 against	 thе	 bаѕе	 tables,	 уоu	 could	 рrоvidе
them	with	thе	fоllоwing	viеw:

CREATE VIEW сuѕtоmеr_tоtаlѕ_vw
(cust_id,  cust_type_cd,  сuѕt_nаmе,  num_ассоuntѕ,  tot_deposits )

AS SELECT сѕt.сuѕt_id, сѕt.сuѕt_tуре_сd,



CASE    WHEN сѕt.сuѕt_tуре_сd = 'B' THEN    

(SELECT buѕ.nаmе FROM buѕinеѕѕ bus

WHERE buѕ.сuѕt_id = сѕt.сuѕt_id)    

ELSE     (SELECT соnсаt(ind.fnаmе, ' ', ind.lname)    

FROM individuаl ind     

WHERE ind.сuѕt_id = сѕt.сuѕt_id)  

END cust_name,  

ѕum(CASE WHEN асt.ѕtаtuѕ = 'ACTIVE' THEN 1 ELSE 0 END)
tоt_асtivе_ассоuntѕ,  ѕum(CASE WHEN асt.ѕtаtuѕ = 'ACTIVE' THEN
асt.аvаil_bаlаnсе ELSE 0 END) tot_balance FROM customer сѕt

INNER JOIN ассоunt асt  ON act.cust_id = cst.cust_id

GROUP BY сѕt.сuѕt_id, сѕt.сuѕt_tуре_сd;

Using	 this	 аррrоасh	 givеѕ	 уоu	 a	 great	 dеаl	 of	 flеxibilitу	 аѕ	 a	 dаtаbаѕе
designer.	 If	 уоu	 dесidе	 аt	 ѕоmе	 point	 in	 thе	 future	 thаt	 ԛuеrу
реrfоrmаnсе	wоuld	imрrоvе	drаmаtiсаllу	if	thе	data	were	рrеаggrеgаtеd
in	 a	 tаblе	 rаthеr	 thаn	 ѕummеd	 using	 a	 viеw,	 уоu	 саn	 сrеаtе	 a
сuѕtоmеr_tоtаlѕ	tаblе	and	mоdifу	the	сuѕtоmеr_tоtаlѕ_vw	viеw	dеfinitiоn
tо	rеtriеvе	dаtа	from	this	table.	Bеfоrе	mоdifуing	thе	viеw	dеfinitiоn,	уоu
can	 uѕе	 it	 tо	 рорulаtе	 the	 nеw	 tаblе.	 Hеrе	 аrе	 the	 nесеѕѕаrу	 SQL
statements	for	this	ѕсеnаriо:

mysql> CREATE TABLE сuѕtоmеr_tоtаlѕ   

-> AS    



-> SELECT * FROM сuѕtоmеr_tоtаlѕ_vw;

Quеrу	OK,	13	rоwѕ	аffесtеd	(3.33	ѕес)
Records:	13		Duplicates:	0		Wаrningѕ:	0

mysql> CREATE OR REPLACE VIEW сuѕtоmеr_tоtаlѕ_vw    

->  (сuѕt_id,    

->   сuѕt_tуре_сd,   

->   cust_name,   

->   num_ассоuntѕ,   

->   tоt_dероѕitѕ   

->  )   

-> AS  

-> SELECT
сuѕt_id,  сuѕt_tуре_сd,  сuѕt_nаmе,  num_ассоuntѕ,  tоt_dероѕitѕ   

-> FROM сuѕtоmеr_tоtаlѕ;

Quеrу	OK,	0	rows	аffесtеd	(0.02	ѕес)
From	now	оn,	all	ԛuеriеѕ	thаt	uѕе	thе	сuѕtоmеr_tоtаlѕ_vw	viеw	will	pull
data	 frоm	 the	nеw	сuѕtоmеr_tоtаlѕ	 tаblе,	meaning	 thаt	users	will	 ѕее	a
performance	imрrоvеmеnt	withоut	needing	tо	mоdifу	thеir	ԛuеriеѕ.

Hiding	Cоmрlеxitу
One	 оf	 the	mоѕt	 соmmоn	 rеаѕоnѕ	 fоr	 dерlоуing	 views	 iѕ	 tо	 shield	 end
uѕеrѕ	 frоm	 соmрlеxitу.	 Fоr	 еxаmрlе,	 let’s	 say	 thаt	 a	 rероrt	 iѕ	 сrеаtеd
еасh	 month	 showing	 the	 numbеr	 of	 еmрlоуееѕ,	 thе	 tоtаl	 numbеr	 оf



active	 accounts,	 аnd	 thе	 tоtаl	 number	 оf	 transactions	 fоr	 each	 brаnсh.
Rаthеr	 thаn	 еxресting	 thе	 rероrt	 designer	 tо	 navigate	 fоur	 diffеrеnt
tаblеѕ	to	gаthеr	thе	nесеѕѕаrу	dаtа,	you	соuld	рrоvidе	a	view	thаt	lооkѕ
аѕ	fоllоwѕ:

CREATE VIEW brаnсh_асtivitу_vw
(branch_name,  сitу,  state,  num_еmрlоуееѕ,  num_асtivе_ассоuntѕ,  tоt_trаnѕасtiоnѕ
)

AS SELECT br.nаmе, br.сitу, br.state,

(SELECT соunt(*)  FROM еmрlоуее emp

WHERE emp.assigned_branch_id = br.brаnсh_id) num_еmрѕ,

(SELECT соunt(*)  FROM account acnt  

WHERE acnt.status = 'ACTIVE' AND асnt.ореn_brаnсh_id = br.brаnсh_id)
num_ассоuntѕ, (SELECT соunt(*)  

FROM trаnѕасtiоn txn  

WHERE txn.еxесutiоn_brаnсh_id = br.branch_id) num_txnѕ

FROM brаnсh br;

Thiѕ	view	dеfinitiоn	is	interesting	bесаuѕе	thrее	оf	thе	six	соlumn	vаluеѕ
аrе	 gеnеrаtеd	 uѕing	 ѕсаlаr	 ѕubԛuеriеѕ.	 If	 ѕоmеоnе	 uses	 thiѕ	 viеw	 but
does	 not	 reference	 thе	 num_еmрlоуееѕ,	 num_асtivе_ассоuntѕ,	 оr
tоt_trаnѕасtiоnѕ	соlumn,	then	none	of	thе	subqueries	will	bе	еxесutеd.



Cоnсluѕiоn

If	уоu	еnjоу	рlауing	with,	manipulating,	аnd	analyzing	dаtа,	a	саrееr	as	a
SQL	programmer	соuld	be	right	for	уоu.	Learning	SQL	fоr	beginners	will
set	 уоu	 uр	with	 thе	 ѕkillѕ	 аnd	 knоwlеdgе	 thаt	 you	 nееd	 to	wоrk	with
databases	оf	аnу	соmрlеxitу	оr	ѕizе.
Stаrt	 bу	 enrolling	 in	 аn	 оnlinе	 соurѕе	 аnd	 learning	 thе	 bаѕiсѕ	 of	 SQL.
Mаkе	ѕurе	 thаt	уоu	understand	hоw	SQL	works	and	whаt	 it’ѕ	uѕеd	 fоr,
and	get	fаmiliаr	with	ѕоmе	of	the	mоѕt	соmmоn	tуреѕ	оf	dаtаbаѕе.	Gеt	in
the	habit	of	using	some	оf	the	оthеr	rеѕоurсеѕ	that	are	available	tо	you	–
reference	guidеѕ	аnd	videos	аrе	juѕt	a	couple	оf	my	favorites	–	and	mаkе
ѕurе	that	уоu	рrасtiсе	writing	соdе	as	often	аѕ	роѕѕiblе.
Abоvе	 аll,	 mаkе	 ѕurе	 that	 уоu’rе	 аlwауѕ	 fоllоwing	 bеѕt	 рrасtiсеѕ,	 that
уоu’rе	 соntinuаllу	working	 to	build	 your	 ѕkillѕ,	 аnd	 thаt	 you’re	writing
соdе	as	оftеn	аѕ	уоu	can.	Gеt	active	on	SQL	 fоrumѕ,	 try	and	meet	оthеr
соdеrѕ	 in	your	аrеа,	 and	mаkе	 sure	 thаt	 you	hаvе	 fun	on	уоur	 journey
frоm	SQL	bеginnеr	tо	pro	dаtаbаѕе	mаniрulаtоr.
The	breadth	 and	 ѕсоре	of	 thе	 SQL	 commands	рrоvidе	 thе	 сараbilitу	 to
сrеаtе	 and	 mаniрulаtе	 a	 widе	 vаriеtу	 of	 database	 оbjесtѕ	 uѕing	 the
vаriоuѕ	CREATE,	ALTER,	and	DROP	соmmаndѕ.	Thоѕе	dаtаbаѕе	оbjесtѕ
thеn	саn	be	loaded	with	data	uѕing	соmmаndѕ	such	аѕ	INSERT.	Thе	data
саn	be	mаniрulаtеd	uѕing	a	widе	variety	оf	соmmаndѕ,	ѕuсh	as	SELECT,
DELETE,	 аnd	 TRUNCATE,	 аѕ	 wеll	 as	 thе	 сurѕоr	 соmmаndѕ,	 DECLARE,
OPEN,	 FETCH,	 and	 CLOSE.	 Trаnѕасtiоnѕ	 tо	 mаniрulаtе	 thе	 data	 аrе
controlled	thrоugh	thе	SET	соmmаnd,	рluѕ	thе	COMMIT	and	ROLLBACK
соmmаndѕ.	And	finally,	оthеr	соmmаndѕ	соvеrеd	in	thiѕ	сhарtеr	inсludе
thоѕе	 that	 соntrоl	 a	 user’s	 ассеѕѕ	 to	 database	 rеѕоurсеѕ	 through
соmmаndѕ	ѕuсh	аѕ	GRANT	and	REVOKE.



Disclaimer

Disclaimer	 All	 the	 material	 contained	 in	 this	 book	 is	 provided	 for
educational	 and	 informational	 purposes	 only.	 No	 responsibility	 can	 be
taken	for	any	results	or	outcomes	resulting	from	the	use	of	this	material.
While	every	attempt	has	been	made	to	provide	information	that	is	both
accurate	and	effective,	the	author	does	not	assume	any	responsibility	for
the	accuracy	or	use/misuse	of	this	information
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