Chapter 5

SQL

SQL is also a declarative query language, which indicates the properties of the data
to be retrieved. The basic query expression in SQL is a syntactic variation of an ex-
pression in TRC and is easily mapped to its equivalent relational algebra expression.
Since SQL is an industry-standard query language, it must be relationally complete.
This text illustrates the relational completeness of SQL by providing the SQL
expressions for the same queries that illustrated the fundamental and additional
operators of relational algebra. The examples over the EMPLOYEE TRAINING enter-
prise continue to use basic features of SQL to illustrate the relationship between :
SQL and the formal query languages. For pragmatic reasons, SQL is more powerful
than its formal counterparts on which it is based. These additional features of SQL,
including ordering and aggregation of results, are illustrated by example. The SQL
standard evolved to provide more than a query language, including a DDL, a DML, |
and a data control language (DCL) for integrity and security. 3
The SQL standard, originally adopted by the American National Standards
Institute (ANSI) in 1986 and the International Standards Organization (ISO) in =
1987, contains many components and continues to evolve, with additional versions
ratified in 1989, 1992, and 1999. The latest standard SQL:1999 includes support
for object-oriented extensions of the relational model, including user-defined data 3
types and object tables, but is beyond the scope of this book, which focuses only i
on the pure relational model. The 1989 and 1992 standards, SQL-89 and SQL-92, 8
respectively, extended the original standard with various features, which are to0 =8
flumerous to mention in their entirety here. However, the programmatic _mterf;
‘o SQL were primarily defined in these revisions to the standard..Smc& tQ
IS not a general-purpose programming language, the standard requires that




CNapter g
66 ¢t at least one method by which SQ, . i i
. suppor can be ; ction 5.1 Basic Query Expressions
implementanon of S%I;as I;I;n()dule, embedded SQL, the Call-Leye] Inte:fmvgk‘“ Sectio 67
tically, su his book is on query languages th; e, gy There are slight variatio i T
rogrammatic: e focus of this 1gtages, this cha g ns on this SQL syntax. If all attribut ired i
girect SQL. Sm::g;ammatic interfaces to SQL, .bUt Pr0V1des an OVeWiewp;feihd the result, an asterisk (*) provides a convenient shorthang: e
ot coverb Eﬂfé’s of SOL. In general, this overview is compatible with gy ¢ by ol &
hoc capa lnhough the chapter coverage chooses to Start with basic gqp :I from 1, r2 Pk
standarfic;ni and extends the coverage to include the explicit support for joing Whig where @ , ,
essl . i ;
expradded {0 the standard in SQL 92.
was If there is no selection condition, the where clause is optional:
5.1 BASIC QUERY EXPRESSIONS select *
s from My F2s wway rk

h there are always slight variations _of Fhe dialect of SQL provided byagig
Althoug SQL standard provides a description of the language that allows forf
o i Fhe f database applications. Identifiers in the SQL standard are limiteds
poﬂablllty ; £ 128 characters; the first character of an identifier must be a left
‘ mamnmmlo(;vercase) and the remaining may be any letter, digit, or underscor
gggggge?sr are case insensitive in SQL, so the identifiers tfabl'?jNaT'eﬁ and \fsaezlﬁnfﬁ

i i ical. Thus, the syntax conventions 'or identifiers
;rc lio;s;d:;fcilnlcdci?stilsii,nt with the SOL standard. Specifically, the StCl)ll.. lf:;l:l;;l[a’
ch?tinue to use identifiers starting with a lowercase letter to refer to

relation or attribute. .
The basic SQL query expression s€

a condition holds:

jons whet
lects a list of attributes from relations¥ e‘

select al, a2, ..., aj
from r1, r2, ..., K

where 0 N i

¢ . jvalent t
This basic SQL query expression 18 essentially equly

algebra expression i
X rk ) ) 4 0 odud(,
arteswn
i i ttributes from the = wnere o
The select clause projects the desired attn he W€~

. 143 cified y gfion S
the tables that satisfy the selection condition specitit a 1€l i t et

oo ® . lause 15 1
is interesting to note that the SQL select C ¢ interest t© no One of

projection and not a selection. Another point c:ables
clause represents a cartesian product of the fro u relal’” o
common mistakes in SQL is not realizing that t'lf}led in the List qe eré e
combinations of the tuples from the tables spect cas part 0
join is desired, then the join condition is Spemﬁ.e roduct.
performs a selection on the result of the cartesian P

J"al,r.zz,...,aj(0’6»(r‘1 KI2X o

e
1 1ye desC
R jch will b

- lsoLo introduced a join syntax in the from clause, Wht

The equivalence of the basic SQL expression to its corresponding relational
algebra expression was qualified as essentially equivalent. The relational algebra
and relational calculus languages assume that relations are sets of tuples. A set is a
collection of elements without duplicates. Therefore, the formal languages implicitly
remove duplicate tuples from the result set. However, SQL assumes that a relation
is a multiset, or bag, of tuples, which is a collection of elements that may contain
duplicates. Since there is a cost associated with performing duplicate elimination,
SQL chooses as a default to keep duplicate tuples. Duplicate elimination is possible
using the keyword distinct in the select clause:

select distinct a1, a2, ..., aj
from ri1, r2, ..., rk
where &

There are also circumstances that require the use of multisets. Consider the situation
where the sum of the salaries of employees is needed to determine the salary budget
for a company. If the sum is to be performed on a set of employee salaries, rather
than a multiset of salaries, then the result of the sum on the set would be incorrect
if there were employees earning the same salary.

This basic SQL query expression is a syntactic variation of the T RC expres-
sion:

{R1,R2, . ..,RK|r1(R1) and r2(R2) and ...rk(Rk) and 6}

Inthe TRC expression, the tuple variables to the left of the \_rertical t.>ar c%lreipgllﬁ :g
the SQL se1ect clause, specifying the schema of the resulting relation. 1he ta

the SQL from clause correspond to the table references listed to the nght_ofrt]:‘: CV:;
tical bar, which specifies that Ri is a tuple variable ranging‘over the tf‘rt;;%r; ression.
dition of the where clause, denoted 8, is part of the condition i a eaF:' minor.
In this brief comparison of TRC versus SQL, the qlﬁ;renfleesry 1;iprt’.ssiorl is
The TRC shorteut for including all attributes appearing 10 the gvhen all attributes

t0 list all of the tuple variables, whereas SQL uses an asterisk. e ajocts the i

. . tio!
corresponding to a tuple variable are not desired, dot nota
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attribute @ mes. However, since attribute names are only Uniqut:x.sh%:
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select @ -
from t1, t2 :
where

However, dot notation t1.a disambiguates the reference by specifying the tahleg
the desired attribute:

select t1.a
from ti, t2
where

|
l
t
!
|
i
|
|

SQL allows for the specification of table aliases for a table in th_e fromcl
There are several reasons for introducing table aliases. One reason is to provid
short name to reference tables, as in the following:

select T1.a, T2.b "
from longTableNamel T1, longTableName2

where ... MJ
le can be

- . . ab
Another reason is to provide a mechanism by which t'he samg ;1 - ioncs calld -
more than once in the same query. These table aliases (s 4 w1ll‘€
a0
|
3

. . is similarity
variables) play a similar role to the tuple variables in TRC(; g;lfsouowing the s
made obvious in the examples describing the SOL lan%uaguage’ For exanp :
conventions that were used for describing the. TRC a‘ngwith il uppercase le
identifiers used to denote the preceding table aliases begin '
as was done in TRC. uages, the examp miﬂEt
For consistency of presentation of the query 13:5 te tables and ren?

trating SQL also assume the same syntax for intermedia
attributes: Bt pessioli

.= query
intermediateTable(attrt, ..., attrn) @ q

If renaming of attributes is not desired, the syntaX s d
essiolh ik
intermediateTable := queryEXPr rabi? re‘;ﬂna

s ap

iate
; ; medid
derives the attribute names for the schema of inter ple:

i ta
in
queryExpression. SQL has its own syntax for defininé
attributes, which is introduced later in this chapter-
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5.2 EXPRESSIVE POWER

SQL s relat1.0n311y. complete, and following the explanation of the other que
languages, this section gives a corresponding SQL query expression for the fgndr}-,
mental and adc}ltlonal operators of relational algebra. The focus of this expositioneils
on the expressive power of the basic SQL expression to emphasize the correlation
between SQL and TRC. To make this relationship more obvious, the examples use
mnemonic table aliases that are identifiers starting with an uppercase letter similar
to that of TRC. Also, a table alias is often used to refer to an attribute, even when it
is not necessary to disambiguate the attribute reference. |

5.2.1 Fundamental Operators

A relationally corpp]ete language must provide at least the equivalence of the
fundamental relational algebra operators (¢, 7, U, —, x). Table 5.1 summarizes

the SQL expressions for abstract operations involving the fundamental relational
algebra operators.

TABLE 5.1 5SQL summary of fundamental relational al-
gebra operators. '

Algebra SQL

ag(r) select * from r where 6

ma(r) select distinct A from r

rus select * from r union select * from s
r—s select * from r except select * from s
qxr select * fromq, r -

Table 5.2 provides the SQL queries that correspond to the illustrative examples
over the EMPLOYEE TRAINING enterprise using the fundamental operators. Query Qo
Is a straightforward selection of an employee having a salary greater than $100,000.

Query Q, projects the desired attributes of the table alias E that ranges over
the employee table. Since the key attribute eID of the employee table is not ms:ludgd
In the result of the query, duplicates may occur in the result. Therefore, dlsthct 1
a;ided to the select clause to return a set of tuples tobe equivalent to the relational ‘
algebra specification.

Query Oy unions together the SQL query expressions that find .emtpl:z i‘:
Who are managers and employees who are coaches. Note the SQL queries

; i tthe - ©iicd
Operands of the union query are compaﬁb!e, In genera], the union requires tha

ibutes are
tables have the same number of attributes and that the types of the attrid

compatible,
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, sal summary of fundamental EMPLOYEE TRAINING Queries SQ!

TABLE 5.

select * from employee E where E.eSalary > 100000;
Qo

mt E.eLast, E.eFirst, E-eTi\

Cr tie fron BMployee g
0 select E.eID from employee E where E'ETiﬂe=‘Managep,
u
union '
gelect E.eID from employee E where E.eTitle=‘Coach:.
0 select E.elD from employee E where E-ETit19=‘Manager,
B except
select T.eID from takes T;
PR e —
(0] select E.elD, Cc.cID from employee E, trainingCourse C:
X

—

By default, SQL removes duplicate tuples in union queries. To allow duplicaﬁ
the option all can be specified after the union. For example, |

select * from r union all select * from s

If a tuple ¢ appears Ir times in r and s times in s, then appears r(,j + tlsl times ind
resulting union all. The definition of how an operator deals wﬁh uplicates, as]us:
described for the union all,is known asits duplicate serzl,anncs. .

The previous version of the “Mana}gerg or Coaches queﬁ; 'l;u?;(:iculyar ¢
the general template for expressing a union in SQL. However, this p |
can also be phrased as the single query: \

v select * |
from employee E : S :
where E.eTitle = ‘Manager’ or E.eTitle = ‘Coach

ees Who :
Query Q_ uses the except operator toreturn the f:tlg:(;lb;s “ilar 25 sumP“J-;

e e .
and have not taken a training course. The excep"lc) ?lpti e duplicate remov 5
to that of the union operator on type compatibility

option all is also available on the except operator:
select * from r except all selec

The duplicate semantics of the except all for a tuple 7 2P B “ii
ts times in s is the maximum of zero Or fr —Ls- ¢ the employe® ,anaﬁon {OIJ
Query Oy represents a cartesian product © | algebra e lﬁcsof
Course tables. To be consistent with the relationd adc attﬂbute; thccﬂ‘ﬁ
query, the result of the query includes only the e_iD_:: assumption ﬁgﬁo !
aliases E and C, respectively. Recall that the simplify1n8 raﬂ.d re et d:):ﬁ

5

t * from ol
: imes B
pearnng t, U0 i

_ . the op¢ rodv®
product operator in relational algebra requires that e car 681ﬂnfpcolumns
any attribute names in common, so that the 1'esultt(i)ve renami? ptio™
contain duplicate attribute names. Since the selectiVe /=, + assul

: o si
has not yet been introduced, this exposition makes a 3
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5.2.2 Additional Operators

The additional relational glgepra operators (N, Xy, M, <) provide an abbreviation
for frequently used coprmahons of the fundamental operators. The SQL queries
that correspond to the illustrative examples over the EMPLOYEE TRAINING enterprise
using these additional operators of relational algebra are summarized in Table 5.3
TABLE 5.3 5QL summary of additional EmpLoYEE TRAINING queries.

Query VSQL

on

select E.eID from employee E where E.eTitle='Manager’
intersect

select T.eID from takes T;

(0] select *

from employee E, technologyArea A
where E.eID=A.aleadlD;

[0/ select distinct C.cTitle, T.tYear, T.tMonth, T.tDay
from trainingCourse C, takes T
where C.cID=T.cID ;

Query On finds the employees who are managers and have taken a training
course. The type compatibility and duplicate removal assumptions of the union
operator apply to the intersect operator, including the all option:

select * from r intersect all select * from s

If a tuple r appears ¢, times in r and ¢; times in s, then the duplicate semantics of the
intersect all results in the tuple ¢ appearing the minimum of ¢, or #; times.

Query Q.. illustrates a join of the employee and technologyArea tables such
that the employee eID is equal to the alLeadID of the technology area.

Query Q. joins the trainingCourse and takes tables on the ¢ ID attributes in
the where clause. The distinct in the select clause eliminates the many duplicates
that otherwise would be included in the result, since the multiset version would
include a tuple for each employee taking the course on a given date.

In relational algebra, the natural join (<) provides a convenient shqrthand
for joining two tables such that the value of attributes with the same name in both
operand relations are equal. A projection is automatically introduced to mcl_uqle
only one copy of the duplicate attributes. DRC provides a shortcut for natural join
by using the same domain variable name in the positions that ate to be (natural)l
joined. Both TRC and the basic SQL query expression do not pr9v1de fora nzlltura
join shortcut, However, SQL-92 introduced a natural join syntax in the from clause,
which is described later in this chapter. .

The discussion of the relatic?nal algebra division operator 18 def?:le?ntggg
next section, which introduces exists as part of a conditional expresst
which is essential to the specification of division in SQL. :
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5'2'3 ExiStS

pus far illustrate the Sir?ilarity of the basic SQ.L query CXpression,
The examples t However, the definition of a TRC formula includes the subfg
TRC expresgon]:) which is TRUE if there exists a value assigned to T that
(exists T.)JE }fem’/ise the subformula is FALSE. SQL also allows for exigtg asakts
ff(_? Tgsgit?c:nal exp;ession in the where clause. Specifically, the syntax is 4
of its C

exists ( table-expression )

bl he table-expression does not result in an e t

exists is TRUE when t : Pty table
w?;g:wise the exists is FaLsE. Inthe TRC chapter, thfa exists sgbformula appeare]
?n the ex;mples describing the difference, intersection, and division operatoy o
relational algebra in the context of relational calculus.

Difference. The difference example query over the EMPLOYEE TRAINING ¢
terprise retrieves the identification number of employees who are managers th
have not taken any training courses. The previous version of the query used the ex:

cept operator in SQL after defining the managers and takenCourse intermediaft
tables:

select * from managers except select * from takenCourse;

; : : : i itioni
This query can also be specified in one step in SQL using an exists condi
the where clause:

v select E.eID

from employee E

where E.eTitle=‘Manager’ and not exists
(select *

from takes T
where T.eID=E.elID);

Section 5.2
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The select—from-where table expression appearing in the whe

L e query g
nested query, which is nested inside the outer select—f rom—-Wherilag not lﬂke.»—
nested query returns an empty table, indicating that the employe® s

10
s luates ™
raining course, then the exists evaluates to FALSE and the not €V2 the PP
If the conditional £ . ¢ heh o

is included i Title='Manager' also evaluates to TRUE; {
cluded in the result of the (outer) query. ample of 8 gl
fons :u; alternative specification of the except query is ap exe > =E-bu' _;
anest(;de subquery. The query select * from takes T Wherhe 10t
the em lSubquery that is correlated by referencing the value Of ¢ ks
Ployee table from the outer query within the nested subqu

5 TF

In - . pLOYE

emerpritseefsreeﬁlon. Th.e intersection example query over the EM man?
Hieves the identification number of employees WO
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have taken at least one training course:
select * from managers intersect select * from takenCourse;
The intersect query can also be specified in one step using a similar nested
correlated subquery:

v select E.eID
from employee E
where E.eTitle=‘Manager’ and exists
(select ~*
from takes T
where T.eID=E.elD);

In this case, an employee that is a manager is included in the result if there exists a
tuple in the takes table for that employee.

Division. The division example query over the abstract domain finds the
a’s from the abTable that are related to all of the b’s specified in the bTable,
where the schema of the tables are abTable (a,b) and bTable(b). Since SQL does
not provide for the specification of universal quantification, SQL's specification of
division uses the logically equivalent definition in terms of existential quantification:

v select distinct T.a

from abTable T
where not exists

(select * --8
from bTable B
where not exists

(select *

——af
from abTable AB

where AB.a=T.a and AB.b=B.b));

This division query finds the a’s from the abTable such that it is not the
case that there exists a b value in the bTable that is not related to the a
value by the abTable. Recall that the instance of bTable contains the tuples
{ (b1),(b2) } and that the instance of abTable contains the tuples {(a1,b1),
(at1,b2), (a2,b2), (a3,b1), (a3,b2), (a3,b3)}. Therefore, the answer to
the query is { (a1), (a3)}. £
Table 5.4 shows a truth table that corresponds to the specification of division
in SQL on the abstract example. There are two nested queries in this example,
which are labelled by comments in the SQL specification. The innermost nested
query af checks whether the a value from the outermost query (T.a) is related
by the abTable to the b value from the inner query (B.b).. The nested query B
checks whether there exists a b value in the bTable that is not related by the
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1ue specified in the outermost query (T.a), The
va

truty
sbTable to the @ ; and a3 values from the abTable are Felated to gf oy,
indicates that thi 1ae ie related to b1 and b2). The value a2 is not incluge
Table (1€

yalues in the there exists a D value, specifically b2, that is not related ¢, o by:::
result, SICE
abTable.
TABLES4 SQL division truth table.
T.a B.b existsof notexists@f  exists B mot exists g
al b1 T F F T
b2 T F
b2 F T
a3 bl T F F -
b2 T F
5.2.4 Safety

The previous examples have demonstrated the relational complet;ngSé I(.)f llse%!L
illustrating how the operators of relational algebra can be expressed mh treialim
that a safe expression guarantees a finite result, and it is well kno_wn t ilw g U
algebra and safe TRC (and safe DRC) are equivalent in expresswel po e .e i
safe? Yes. The syntax of SQL guarantees the safety of ’fhe SQL an% usge .that'i
an exists or not exists condition must appear only in a where ¢ :ssion sk
associated with a (select and) from clause, a basic SQL query e"p;am ole qﬂmj
a table alias to a positive table reference in the from clause. The for relatiol
over the EMPLOYEE TRAINING enterprise used in the safety dlscusswnr as, 2600
calculus languages finds the employees that do not lead technology ars*

o he empl
that there exists an intermediate table leads containing the IDS of t
that lead technology areas:

v select E.elD
from employee E
where not exists
(select *
from leads L
where

L.eID=E,eID); i

and Tof“
The table ali is i - . ee table P
attribute & ;18 Eis inherently limited to tuples in the employ é e

the
ecked j ine whe ¥
leads a tec ology ar:; .the nested subquery to determi

Wy
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This section illustrates the six EmpLoYEE TRAINING example queries using the basic
SQL query expression, continuing to emphasize its similarity to TRC. For example
queries Q4 and Q5 continue to use the creative relational calculus approach to
answer a more than one and minimum que

J Ty, even though SQL provides inherent
support for counting and finding the mini

nt . mum or maximum. The next section
explores the additional capabilities of SQL. In addition to introducing new queries

to illustrate these features, we present alternative solutions to queries Q1 through
Q5. The approach to answer the division query Q6 is the same in both SQL
and TRC: finding an employee who has taken at least one database course and

it’s not the case that there exists a database course that the employee has not
taken.

YQ1: What training courses are offered in the ‘Database’ technology area?
(cID, cTitle, cHours)

dbCourse :=

select C.cID, C.cTitle, C.cHours
from trainingCourse C
where exists
(select *
from technologyArea A
where A.aID = C.arealD and
A.aTitle = ‘Database’);

vQ2: Which employees have taken a training course offered in the ‘Database’

technology area?

(eID, eLast, eFirst, eTitle)

dbEmployee :=
select E.eID, E.elLast, E.eFirst, E.eTitle
from employee E
where  exists
(select *
from takes T, dbCourse D
where T.eID=E.eID and T.cID=D.cID);
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have not taken any training courses?

/g Which eIV
eFirst , eTitle)

g.elD, g.eLast, E.eFirst, E.eTitle
seleC .
from mployge
where ot exists

(select

from takes T

where T.eID=E.eID);

JQ4: Which employees took courses in more than one technology area?

(eID, eLast, eFirst, eTitle)

select E.elD, E.eLast, E.eFirst, E.eTitle

from employee E
where exists
(select *
from takes T1, takes T2,
trainingCourse C1, trainingCourse c2
where T1.eID=E.eID and T2.elD=E.elD and
T1.c1D=C1.cID and T2.c1D=C2.cID and

C1.arealD <> c2.arealD);

YQ5: Which employees have the minimum salary?

(eID, eLast, eFirst, eTitle, gsalary)
ary

select E.elD, E.elast, E.eFirst, E.eTitle: . esal
from  employee E
where not exists

(select *

from  employee §

where  S,eSalary < E.eSalary)

il

SRR i e
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v Q6: Which empl
: ployees took all of t A .
reglitiolopy atea’ he training courses offered in the ‘Database’

(eID, elLast, eFirst, eTitle)

select E.elD, E.elast, E.eFirst, E.eTitle
from employee E
where exists
(select *
from dbEmployee B
where B.eID=E.eID) and
not exists
(select *
from dbCourse D
where not exists
(select *
from takes T
where T.eID=E.elD and
T.cID=D.cID));

5.4 ADDITIONAL FEATURES OF THE QUERY LANGUAGE

Up to this point, this chapter has emphasized the similarity between the basic SQL
query expression and the formal TRC language on which it is based. Besides the
syntactic variation, the only difference pointed out so far is that the formal languages
assume that relations are sets of tuples, whereas SQL assumes that relations are
multisets of tuples, which allows duplicates. Since SQL is an industry-standard query
language, it was designed to be more powerful than TRC. These additional features
of SQL include views or virtual tables, sorting and aggregation of results, nested
subqueries involving equality and set comparisons, and the flexibility added to the
query language in SQL-92 for using joined tables in the from clause.

5.4.1 Views and Renaming of Attributes

Throughout the chapters of this text, intermediate tables with qptioqal renaming of
attributes provide a mechanism to break down a query into logical pieces. A similar
level of abstraction is built into the SOL language as views Or virtual tables. Fl(:r
example, the view leadsArea gives the identification number of employees with the

technology area that the employee leads:
create view leadsArea aS

select alLeadID, alD
from technologyArea
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. rermediate tables and virtual tableg relate aty
l

L f1 : i
Jefinitions © owever, there 18 a fundamental difference be

. : : Wi
Both of the ble namE: - When an intermediate tabéellfs defined, i def t
expresslo}"tet b th’ o resulting tuples are stored. the tables app,, .
terme_d‘a ecute ,a e after the intermediate table is deﬁnednng
expreSs!OU flect these changes. In contrast, when a view isde f,m b

§ (9 . {1 . - ,

in the il 1able will 10 sored and executed each time the view is referem
1

expression

changes in the tables appearip, ;

o defining EXPT T L o1ways reflect any i

1I‘Shgrefore, th }ew Wlneraé y yhowever, a trade-off be'tween th.e recomputationltl

h f.erence ve;rsus the inability of an intermediate table tg Tefleg

ch 1€ : .

e ables in its defining expression. siate e by 1B

m orts a cONCEPt similar to an mte':rme_ iate table by its insert gy
SOL'also Sutplr)ne nt. which allows for the specxﬁ_catlon of a ta})le eXPpressiony

manipulatlo? :1:2 ;Sertién for a named table. A detailed example is provided in

the §our<:€vC:3 ring SQL’S data manipulatiqn language. . |

G Area virtual table derives the names of the attributes from i
s ;e However, the create view statement supports an optiond
ing expression. j e

(cigﬁmnrlr?aglist f%r the renaming of attributes. For example,

create view leadsArea(leadlD, arealD) as
select aleadID, aID
from  technologyArea

renames the aLeadID attribute to 1ead1D and the aID attribute.: to :-.1r'eelxlD.am intﬂ

Similar to the earlier syntax for renaming attributes wt.ule deﬁ!};{lss .
mediate table, the optional commalist specifies all attributes in the tat s
However, SQL also supports selective column renaming in the selec

create view leadsArea as
select aleadID, aID as arealD
from  technologyArea

ar
In this example, the schema of the view is leadsAr‘ea(aLeadID'ressiO“ ‘
Where the name of the first attribute aLeadID is derived from e q)sq::apabﬂi.q
tshe ame of the second column is explicitly renamed to arealD. T  AddE
QL for selective column renaming in the select clause is quite us€ gate 1%

€Xa . ;
a Mples of the use of selective column renaming in queres e
PPear later in thig chapter

542 Sorting

Sy
'_rhe query lan I

; £ top
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for that purpose. For example, the following query displays employee information
ordered by the employee’s last name:

v 01: select E.elLast, E.eTitle, E.eSalary
from employee E
order by E.elast;

The order by clause also allows for the ordering of multiple attributes and for
the specification of the sort order as ascending or descending. In the previous query,
the sort order is assumed to be ascending, which is the default sort specification. The
next query displays the titles of employees in ascending (alphabetical) order and

within that displays the salaries of the employees with the same title in descending
order:

02: select E.eTitle, E.eSalary
. from employee E
order by E.eTitle asc, E.eSalary desc;

The specification of the attributes in the order by clause may use a position
reference instead of an attribute name:

03: select E.eTitle, E.eSalary
from employee E
order by 1 asc, 2 desc;

Although SQL allows this by-position syntax specification for the order by clause,
the by-name syntax is more readable. Since SQL allows for the selective renaming
of a column in the select clause, the by-name syntax is preferred.

As indicated, the order by clause sorts the tuples in the result of a query. The
order by clause cannot be used in an arbitrary table expression. Tables in SQL

are still unordered collections of tuples. Therefore, the order by clause can not be
used in a view definition since views are virtual tables.

5.4.3 Aggregation

Many important queries over the data in a database involve aggregation of results,
such as queries involving minimum, maximum, sum, count, and average. The formal
query languages of relational algebra and relational calculus do not provide inherent
support for aggregation, although queries involving minimum or maximum and a
limited form of counting (more than one or only one) can be expressed in these
languages, as illustrated in the earlier chapters. However, SQL provides inherent
Support in the language for aggregation constructs. ]

Consider the following query that finds the minimum, maximum and average
employee salary, as well as the sum of all salaries and a count of the number of



80

section 5.4

Y
tabase:
joyees it e da carary); max (E.eSalary), *
emp {o min(E.esalary) ’ sum(E.eSalary), count(x)
I 58 avg (E-€98-°
enployee E; -
from e with five attribute values. The min, max, avg andy,
ursasingloMPE T i attribute. The count (*) counts the pypy
Thisél functions 8P t ;:farom clause, since there 1S no where clause speci, q
i%gt:ljes  result . consider 2 query that counts the number of employe,
As angt;‘;fi :;‘ﬁﬁsg in the database technology area:
ttook atr
tha t (gistinct T.eID)
Jr  select SO kes T
- fron  dpCourse D, ta
where D.cID = T.cID;
ini in the database technology are
many training courses 1n the
Sie anemployee 0 tatl‘(gn cou);ns the number of distinct employee IDs,
the count aggregate functl
: ' ation applied to all of i
Grouping. In the previous example, the aggreg PP

lause. Some queries require apply'%n;
i ult of the (from and) where ¢

s tZ\lteergasnction to groups of tuples that have the same vglue cf)rtlhz; gzz?l;ﬁ
;::; :tgt%'l'r;l%tes SQL provides a group by clause for the specx.ﬁc.a‘uorxl}l omax'l n%um
attributes. For example, consider the query that finds the mimmunm,

average salary of employees by title:

E.eTitle, min(E.eSalary),
max(E.eSalary), avg(E.eSalary)
from employee E

group by E.eTitle;

Jai:  select

ame value
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Notice that the group by clause specifies both the aID and aTitle attributes. If
only the aID attribute is specified in the group by clause while both the aID and
aTitle attributes are specified in the select clause, SQL does not know what to
do if more than one value of aTitle occurs in combination with an aID value.
Therefore, SQL requires that any nonaggregate columns appearing in the select

clause appear in the group by clause, so that the aggregates produce a single result
for each group.

Having. SQL also supports the ability to place a selection condition on the
results of grouping by the having clause. For example, consider a modification of
the query G2 that identifies technology areas with at least 4 employees that took

training courses in that technology area and displays the result in descending order
on the number of employees:

H1: select A.alID, A.aTitle,
count(distinct T.eID) as numEmps
from technologyArea A, trainingCourse C, takes T
where A.alID = C.arealD and

C.cID = T.cID
group by A.aID, A.aTitle
having numEmps >= 4
order by numEmps desc;

The having clause avoids a two-step process. Assume that the query G2 is the

defining expression for a view named numEmpsTakenArea; then the following query
generates the same results as query H1:

VH2: select *
from numEmpsTakenArea
where numEmps >= 4

order by numEmps desc;

The query Q4 that finds the employees who took courses in more than one
technology area can also be rephrased using aggregation, grouping, and having.
Query Q4Ai defines a view moreThanOneTechArea that finds the employees who
took courses in more than one technology area:

Q4A; : create view moreThanOneTechArea as

select T.eID, count(distinct arealD) as numAreas
from takes T, trainingCourse C

where T.cID = C.cID

group by T.eID

having numAreas > 1;
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54.4 Nested subqueries
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Equality Comparison. Consider another specification of Q1 that finds the
courses in the database technology area:

JotA: create view dbCourse as
select C.cID, C.cTitle, C.cHours
from trainingCourse C
where C.arealD =
(select A.alD
from technologyArea A
where A.aTitle = ‘patabase’);

T r1s0
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Besides being used to compare a foreign key with the primary key that it
references, equality comparisons are useful in the presence of aggrerzxtiorf Q: :
QS retrieved the employee information for those employees havinggthe m.inixn:;yx
salary: finding those employees where it is not the case that there exists another
employee that has a smaller salary.

Consider another specification of this query using the inherent aggregation

capabilities of SQL to find the employees whose salary is equal to the minimum
employee salary.

JasA: select E.eID, E.elast, E.eFirst, E.eTitle
from employee E
where E.eSalary =
(select min(S.eSalary)
from employee S );

The nested subquery of QSA is not correlated, since it finds the minimum salary

once, which is compared with an employee’s salary in the conditional expression of
the where clause.

Set Comparison. The conditional expression in the where clause also allows
for the specification of comparisons based on set membership using the in and not
in operators. Some of the example nested correlated subqueries can be rewritten to
noncorrelated nested subqueries using set comparisons.

For example, query Q2 finds those employees who have taken a training course
in the database technology area. Query Q2A answers the same query by retrieving
the requested employee information for those employees whose eID value appears

in the multiset of employee IDs who have taken a course in the database technology
area:

vQ2A: select E.elD, E.eLast, E.eFirst, E.eTitle
from employee E
where E.eID in

(select T.elID

from takes T, dbCourse D

where T.cID=D.cID);

As another example, query Q3 finds those employees that have not taken any
training courses. Query Q3A answers the same query by retrieving the requ.ested
employee information for those employees whose e ID value does not appear 1o the
multiset of employee IDs that have taken any training course:

vQ3A: select E.elD, E.elast, E.eFirst, E.eTitle
from employee E
where E.eID not in
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. . g ] - The query can also be
specified using natural J.omed tables in the from clauge, Query (%)2}r3yanswers the
same query by performing a natural join of the employee, takes and dbCourse
tables. The takes and dbCourse tables are natural joined o

: nd ! n the cID attribute and
the result is natural joined with the employee table on the eID attribute:

Q2B: select distinct E.elD, E.elast, E.eFirst, E.eTitle

from (employee E natural join
(takes T natural join dbCourse D));

Obviously, the natural join is based on the attributes having the same name.
The as construct allows for the renaming of tables and attributes in the from clause
to facilitate a natural join instead of an explicit join. Query Q1D renames the

technologyArea table to the area table with its aID attribute renamed to arealD
to perform a natural join:

Q1D: create view dbCourse as

select cID, cTitle, cHours

from (trainingCourse natural join
(technologyArea as
area(arealD, aTitle, aURL, alLeadID)))
where aTitle = ‘Database’;

All of the basic SQL queries with the joined conditions specified in the where

clause are still valid SQL queries. The joined tables capability provides an alternative
specification of the query.

5.5 QUERY OPTIMIZATION

In the procedural relational algebra language, the concept of query optimigatlon was
introduced to motivate that alternative query specifications may result in varying
performance. Heuristics were discussed to perform selections as early as possible
and to reorder joins using the theoretical properties of the relational Otpeéa‘:“
to find an alternative specification of the query that was more eﬁﬁ c1e1:,e.ra l; ?;
optimization is also important in declarative languages, althoul%h te :1 cl?asize% e
the declarative query languages (DRC, TRC, and SQL).thus far %;:n ugges ity '
correct specification of a query. After all, the declarative quer){t i t%u’s declarative
what data to retrieve and not how to retrieve the data. Howe_"eré lthe data that leads
specification of what data to retrieve instead of iow to retriev

to the concept of query optimization for SQL.
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Jog:  select
from employeeE
where  exists
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takes T, dbCourse D
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T.eID=E.eID and T.cID=D.cID);

where

Since the inner query is correlated on the employee eID, the nested query musti

exccuted for each employee tuple. _
The Q2A specification uses a nested uncorrelated query to illustrate the 18
of the in set membership conditional:

JooA: select E.eID, E.eLast, E.eFirst, E.eTitle

from employee E
where E.elID in
(select T.eID
from takes T, dbCourse D
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where  T.cID=D.cID);

Since the nested query is not correlated, the subquery can
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st. ployee can be included in th uplicates using
training course the employee took € result for each database
To summari | .
arize, some of the alternatives for specifying query Q2 includ
1mcluage

e nested correlated subquery using an existential conditional
e nested uncorrelated subquery using the set membership comparison
¢ unnested query with joined tables in the from clause iring disti
remove duplicates. requinng distinct to
¢ unnested query with join specified i
pecified in the iring disti
remove duplicates where clause requiring distinct to

ir;s%zgeral .terms: an unnested version of a query is usually more efficient tha

peste Jﬁecris;gg.y Stltlfularly, a nlested uncorrelated specification is generally evalua;leg
an a correlated one. Also, using joined tables i

may be evaluated more efficien : iing join specif et
may b tly than a corresponding join specified in the where
- :;%Ll::r:lgnlt: quslall ogtimti)zation is the responsibility of the database system,
e of the database application is ultimatel ibili ’
i ice ely the responsibility of the
p:;al;ia;te adﬁmmstrat?r (DBA).. If the performance of certain queries is )l;ot ap-
- % ata% the DBA is rtlaspormbl.e for tuning the database, based on guidelines
b ase admln}stratlon pr9v1ded in the manual for the particular database
E-ib tc employe'd in the appl'lcation. Obviously, adding indexes to certain at-
i I:hes or c'ombl‘natlon of attributes may improve performance. However, revis-
rgo vide stI})lemﬁc'a.tlon of a query may also be necessary. Most database products
ipn > e the ablh?y to view the plan for evaluating a query, which can be used
onjunction with vendor guidelines to tune the performance of the database

application.

5.6 BEYOND THE QUERY LANGUAGE

6‘?“,13110“811 SQL is short for Structured Query Language, the SOL standard has
. DVed to lpclude a DDL for defining tables and relationships between tables;
ML for inserting, updating, and deleting tuples from tables; and a DCL for

database integrity and security.

5.6.1 Data Definition Language
A DDL is a language used for defining the database. The data c}eﬁnition com-
ponent of SQL was added to the standard in SQL-92. The following defines the

technologyArea table in SQL:
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5.6.2 Data Manipulation Language

DML extends the query language with the capability to insert, update, and delete
tuples from tables.
The insert statement provides the ability to insert data into a table. The

following example illustrates an insert using explicit values to add a row to the
employee table:

I1: insert into employee values

(’111’, ‘Last111’, ’First111’, 'Data Administrator’, 75111);

In the example I1, the columns of employee are assumed to be in a left-to-
right ordering of the fields of the table. However, the insert statement also
allows an optional attribute list to specify a different ordering of attributes or
to take advantage of the specification of default values. Recall that the cre-
ate table statement for technologyArea defined a default value for the URL:
"http://www.company.intranet/technology/'. The following insert state-
ment adds a new technologyArea tuple for the 'Web’ technology area. Since

the aURL attribute is not included in the list, the default value for the URL
is used:

I2: insert into technologyArea (alD, aTitle, alLeadID)
values ('WW', ’'Web’, '369’');

A select statement can also be used as the source of an insert into statement.
Assuming that the table managers has been defined appropriately by a create table

statement, then the managers table can be populated with the identification number
of employees having the title ‘Manager’:

I13: insert into managers
select eID
from employee
where eTitle = ‘Manager’;

In this case, managers is an intermediate table, which is populated at the time that
the insert statement is executed. ;
‘The update statement provides the ability to change existing data in a
table. The following example illustrates an update that gives employees who lead
technology areas a 3% raise:
(A update employee
set eSalary = eSalary * 1.03
where E.eID in
(select A.aLeadID »
from technologyArea A);
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5.6.3 Data Control

SQL alsoincludes components for data control: integrity and sectérgi- fl?;asmft:ﬂ
and security are important components of a databas.e system.d o tho dalah
specification of general integrity constraints that vahdat_e thef a s privles i
for consistency. It also supports the granting and revoking of acc

data security.

; . stem maint?
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from technologyArea A
where A.aleadID not in
(select T.eID
from

takes T, trainingCourse ¢
where T.cID = C.cID and

C.arealD=A.aID)));

The constraint is violated if the check condition evaluates to FALSE. In this example,
the condition is violated if there exists a tuple in the technologyArea table where

the value of the aLeadID value does not appear in the multiset of employee IDs that
have taken a course in that technology area.

Security. The security component of a database system is responsible for
enforcing the access rules, based on the discretionary privileges granted on a
database object. SQL incorporates table privileges that are granted to or revoked
from an authorized database user on a table. The owner of the database table is the
authorized database user who created the table. The table owner is automatically
granted all table privileges on the created table. The owner of the table may then use
the grant and revoke statements to manage the privileges on the database table.

The table privileges include select, insert, update, delete, and ref-
erence. An authorized database user must have the select table privilege to access
any column of a table. Inserting data into a table requires the insert table privilege,
which can be restricted to specify a list of named columns. Similarly, the update
privilege allows a user to update data in a table, and this privilege can be restricted
to specify the columns of the table that the authorized user is allowed to update. An
authorized database user must have the delete table privilege to delete any tuples
from a table. The reference table privilege, which may be restricted to columns
of a table, allows the column of a table to be referenced in the specification of an
integrity constraint.

The grant statement adds the list of privileges on the given tables to the list
of users specified. Assume that there is a training department that is responsi-
ble for the technical training courses and enrollment for those courses within the
company. The training department can grant the select privilege to humanRe-
sources on the takes, trainingCourse,and technologyArea tables, so that the
humanResources user can determine the skill set of an employee:

grant select
on takes, trainingCourse, technologyArea
to humanResources

_ When granting privileges, the user granting the privileges may OPF:Z;:‘I:Z S(E:c;
ify the with grant option, which allows the users to grant these privileg

i hat humanResources
Subset thereof) to other authorized database users. Assume t B

i r mus
is the owner of the employee table. The humanResources use
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. . 4 r
) ivilege O° Joyee identification nUMbET entered ip g et
1! (X . : i i ! i 2
ceferenc® D ors thferential integrity. The ‘”l.“.‘ grant option allowns query can be optionally ordered using the order by clause, which speci
ingcoor ]'e verifi 1 1€ ant this reference privilege to another authg Tl?/e; columns to be ordered and the sort order (either ascending or ’descendis,? e)c-lﬁes =
fable ¢4 Coordinator to ) =
traim"g " select [distinct] ATTRIBUTE-LIsT
Jatabase usel: from TABLE-LIST
oference(€1D) [where WHERE-CONDITION ]
gran emplOyee _ ‘ [group by  GROUPING-ATTRIBUTES
on trainingcoordmator [having HAVING-CONDITION] ]
tqth grant option [order by  COLUMN-NAME [ asc | desc ], ... )|
wi
tatement TemMOVES the 1i§t of privileges on the given tableg A view or virtual table provides the inherent capability for abstraction,
The revoke $ ecified. In the following revoke statement, the training associating the name of the view with a defining select statement, which is executed
from the list of userSt;I; ability for humanResources to access the takes table; each time the view name is referenced:
oves
dep artment T€M!

create view VIEW-NAME as

revoke select SELECT-STATEMENT

N on takes

¢rom  humanResourc es SQL also includes a DDL that provides the capability to define tables. Each

attribute or column is defined to be of a specified type and can have associated
attribute constraints, such as not null or default value. The list of table con-

straints include primary key, uniqueness, and referential integrity (foreign key)
constraints:

Views also provide a mechanism that works 1n conjllsgféonﬁv:;;:ggsrlvc;l;g
for data security. The insert, update, and refereniie selegt o
restricted to specify a list of named columns. However, S eesesstoonys
gives the user access t0 any column of a table. To restricta us1 o g
of the columns of a table, a view can be defined on t'h.at table > gview g
attributes. A grant statement of the select tal?le privilege on
access to only those columns provided in the view.

create table TABLE-NAME
(

COLUMN-NAME COLUMN-TYPE [ ATTRIBUTE-CONSTRAINT]

[ TABLE-CONSTRAINT-LIST ]
)
5.7 SUMMARY |
SQL also provides statements for data manipulation, including insert, up-
date, and delete: ; '
The insert into statement provides a mechanism to insert }uples into fhe
named table according to the specified ATTRIBUTE-LIST using the specified SOURCE:

; at
SQL uses a syntactic variation of TRC to provide a Pr"i“:t‘ca,l and d::;fum .
to query a relational database. This section provides a br}ef SY-neWs data defiy
SQL constructs described in this chapter, including qu‘_mes’ vtl a!; securl g
data manipulation (insert, update, and delete), integr 4 1o denot®’ g
conventions for the syntax summary use square brackets [-- d idemiﬁersln =
ttems, | to indicate a choice of one of the items SPeCiﬁed’ an xpand®™ il
CAPS 0 denote items that can be replaced by names OF further © selectit i
_The select statement forms the basis of an SQL query’dition' Theg o
i‘emb\ltes from alist of tables that optionally satisfy a where co:ll aliset o
yWord distinct returns a set of tuples instead of the def or the o

insert into TABLE-NAME [ (ATrRlBUTE-LIS‘r) |
SOURCE

it . icit values, as in
The souRcke of the insert into statementis either a list of explicit

insert into TABLE-NAME [ (AmlBUTE'”ST) ]

lues ( EXPLICIT-VALUES )
as the WS in va
of gmffs-uh of the query. The optional group by clause a0 tions 6«8";: :
oy PIng attributes for the application of aggregate func ing© or the specification of a select statement, as 1
for the o SOUNt) specified in the select clause. An OPHOP2 S Tl
speuﬁcation of a condition on the result of the group 8
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&
AME | (ATl'RlBUTE-LIST) ] Exercises W
rt into TABLE-N The revoke statement removes the list of privileges i
1nsecT TATEMENT the list of users specified: ges on the given tables from
ELE LE-NAME is not included in the ATTRIBUTE 3,
if a colum®d of TAB  column. Note that if an omitted columy, o’then revoke PRIVILEGE-LIST
n either casli’e < assign or dths the DDL for TABLE-NAME, then the ing en::not on TABLE-COLUMN-LIST
ult va ified ! . 40-1i 1 from USER-LIST
; d::aa gefault value Sé’:;UST s not specified, then a left-to-right Ordering °flhl§
a 1suUTE"
If ATIR . med.
-1 an error: 2 le is assu . .
mttribut within (18 ttzt:nent modifies the columns gIVen in the set clauge o |
The update sta (he expressions specified. The optional where Clause g EXERCISES
determin® updated:
values the rows of the table to be up .
restrict v Use the educational tool to check the answers to these queries.
update TABLE-NAM:ME — VALUE-EXPRESSION, . . . V5.1 Answer the following queries in SQL over the EMPLOYEE TRAINING schema:
UMN-N =
set coL '
[where UPDATE-CONDITION] employee(elID, elLast, eFirst, eTitle, eSalary)
le specified. The opti technologyArea(alD, aTitle, aURL, aleadID)
lete statement 1emoves tup!es from the tab hpt ti fy th pliozd trainingCourse(clD, cTitle, cHours, arealD)
The de s the delete operation to the rows that satisty th¢ DELE takes(eID, cID, tYear, tMonth, tDay)
e clause restricts : ified. then all rows of the tablea =
wher where clause is not speciiied,
CONDITION. If the (a) Which employees took the ‘Enterprise JavaBeans' training course?
deleted:
(eID, elLast, eFirst, eTitle)
delete from TABLE-NAME : d : ¢
[where DELETE-CONDITION]

' rovides for®
Tntegrity constraints validate the data in the databafe. :Sslgr?tion i
specification of general integrity constraints with thf: Cgei :R et g
which checks that the ASSERTION-CONDITION specified 1
instance:

(b) Which coaches have not taken a training course in the ‘Java’ technology area?

(eID, elLast, eFirst)

(c) Which employees took more than one course in the ‘Database’ technology area?

create assertion ASSERTION-NAME
check (ASSERTION-CONDITION)

(eID, eLast, eFirst, eTitle)

j (d) Who is the lowest-paid manager?
s tare 8%

The security component of SQL incorporates table pnwifeg :;;{Ieapﬂ ieg®

to or revoked from an authorized database user on 2 table. T t staz"' o
clude select, insert, update, delete, and r‘efer‘.enc?users spev
adds the list of privileges on the given tables to the list otionally speCt ol (eTitle)
granting privileges, the user granting the privileges may OP " ,ese Y

grant option, which allows the users in the USER-LIST t0 872
a subset thereof) to other authorized database users:

(eID, elast, eFirst, eTitle, eSalary)

(¢) What are the titles of employees who earn more than a ‘Coach’?

3 thatthey
() Which leads have taken all of the training courses in the technolog)ia'ea_ s ¥

lead?
grant  PRIVILEGE-LIST o, B e
:ﬁ TABLE-COLUMN-LIST
0

. USER-LIST
lwith grant option)




