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Queries/in relational algebra are

 An algebraic query language for querying relational

composed using a collection of data based on “operators”

operators, and each query describes a * Not used in commercial DBMSs
step-by-step procedure for computing * use “real” language SQL

the desired answer; * But SQL basically implements (extended) RA

that is} queries are Speciﬁed 1N an ° SQL query gEtS translated into RA for optimizations
Operational marnrner.
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of intermediate results, which are
themselves relation instances

e( Procedural language

e Queries in relational algebra are applied to relation instances,
result of a query is again a relation instance

e Six basic operators in relational algebra:
select o selects a subset of tuples from reln
project ™ deletes unwanted columns from reln
Cartesian Product x  allows to combine two relations
Set-difference tuples in reln. 1, but not in reln. 2
Union tuples in reln 1 plus tuples in reln 2

Rename p renames attribute(s) and relation

e The operators take one or two relations as input and give a




Selection example.
Query: list students with GPA >3

Relation r
Student

Name | GPA | Country
Canada 5

Britain Name | GPA | Country

Tom 35 Canada

Maria 4 Mexico

 Notation: o ()
* pis called the selection predicate
* Defined as:

o,(r)={t| te rand p(t))

Where p is a formula in propasitional calculus consisting of terms
connected by yA(and), v (or), - (not) "
Each term is ofleof— =

<attribute>op <attribute> or <constant>
whereopisoneof. = #, >, 2, <, <

* Example of selection:

More on selection

* Selection condition can include any column of R,
constants, comparison (=, <, etc.) and Boolean
connectives (A: and, V: or, =: not)

* Example: users with popularity at least 0.9 and age
under 10 or above 12
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'mple: Projection - .
To make sure that Cardinality of Projected
Relation Sells: | | relation is necessarily same the input
'Jo:e’s ' Bud | 2.56. relation; _ _
Joe's Miller 2.75 what can you say about the Attribute List

Sue’s Bud 2.50 ‘ i . 5
Sue's Miller 3.00 of projection operation:

Prices := TTpee price(SellS):
beer price |
Bud 2.50
Miller 2.75
Miller 3.00 —

If the attribute list includes only nonkey attributes of R, duplicate tuples are

_ . " likely to occur. The PROJECT operation removes any duplicate tuples, so the

Q i Le_t R(a’b’c be a RDBMS re]athI} havmg the result of the PROJECT operation is a set of distinct tuples, and hence a valid
following set of functional dependencies(FD set) :

relation. This is known as duplicate elimination. For example, consider the

FD Set F = {
We apply some queries on a relational instance r of _ _
R (71 _ : . The number of tuples in a relation resulting from a PROJECT operation is always

less than or equal to the number of tuples in R. If the projection list is a superkey of
R—that is, it includes some key of R—the resulting relation has the same number of

tuples as R. Moreover, —
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transformation between selection and projection;

Cascading of selection: o v (R) = o0, (0, (R))

Commutativity of selection: oc,(oc,(R)) = oc,(oc, (R)

Cascading of projection: w5 R T Ates (Tans (R)) if Atts C Atts'

-y

Commutativity of projection: mwanu<lo0c(R)) = oc(mans((R)) it Atts includes all attnibutes used in C'.

Which of the following query transformations (i.¢., replacing the Lh.s. expression by the r.h.s expression) is incorrect” R and

R, are relations, C) and C5 are selection conditions and A and A» are attributes of R

A. 0, (0, (R )) = oc; (o (R, '|.\/ D
oy (7 | ) = w4, (0c, (Ry)) \/ 'DPhDﬂ

o ['.1 I:.H‘.II




Query: Who is registered in the Database course but not in the
Algorithms?

Algori. n.'s

Intersection example.
| Algo, *nr s Query: Which courses are taught at both Universities?
Python — —

1 ke g_ Alright University 9 EvenBetter University

Databases Course ﬁ '\ S

Course

| Databases Topic Topic

Databases LAIg:}futhmf.
' — | Java
. Databases
MNetworks

Human-Computer Interaction

' R3 := R1 . XiIte
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(a) ry (dividend) (b) ro (divisor)
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The following query is made on the database.
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Q: R(Kid , Game) ; S(Game)
Assume both R,S are Non-Empty,

|R| = \‘j|S| >

What 1s minimum & maximum

number of tuples in R/S?
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Figure 5.6: Outerjoin of relations

b) Relation V

Exercise 5.2.1: Here are two relations:

R(A, B): {(0,1), (2,3),

S(B,C): {(0,1), (2,4), (2,5), (3,4), (0,2), (3,4)}
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All rows in A and matching rows in B, where there is no match in B null values
will appear

All rows in B and matching rows in A, where there is no match in A, null values
will appear

All rows in both tables, where there is no match in a relation null values will
appear

None of these

WVhich of the following is true regarding joins?

A. A theta join allows the use of various comparators, such as =, >, and 2 in the predicate \3/

B. An equijoin only allows the use of the comparator = in the predicate /
C. A natural join is an equijoin where one occurrence of each common attribute is eliminated in the resuliting relation

D. The result of a /left outer join may have cells with a NULL value \/

E. All of the above |/-

1. (30 points) [ Relational algebra] Consider the relations shown below.
R(ABC) S(DE) T(FGH)

b3

al

al
Evaluate the relational algebra expressions listed below and show the resulting schema (i.e.,
attnbutes) and tuples

Example of result
AB

al
s
L S

b3
I'he relational algebra operators used here are 11 for project, © for select, x for Cartesian product,

for join, - for set difference, U for set umion, and ~ for set intersection. For the exercise d,
assume R(ABC) and T(FGH) are union-compatible and AB and DE are umion-compatible, and
use the attnbutes of the lefi-hand-side relation as the attnbutes of the resulting relation (e.g.,
Result(ABC) = R(ABC) - T(FGH)). Show intermediate steps as well as the final answer. If two
expressions are equivalent, it suffices to evaluate the first equivalent expression and for the

second (equivalent) expression only state the reason for the equivalence and omit the evaluation

a) Il ((R . S)

A

b)




pnsider the following relations and query.
rA,B,C)
s(A, B, C)

TasclrUus)—(r—s)—(s—-r))

hich of the following is equivalent t4 the above qu_g,r';

A. Oasclreas)
B. 0psc(rVUs)
C. o(rns)

Consider the relations r,s and query:

n’l e U‘”(('r X .'5') - .")
12 «— oy(s)

(2 — oy(r)

Which of the following is correct ?
A. t1 = t3

B.t2 =t3
L kL= tz\/

D. None of the above
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We present a number of sample queries using the following schema:

Sailors(sid: integer, sname: string, rating: integer, age: real)

Boats( bid: integer, bname: string, color: string)

Reserves(sid: integer,

The kev fields are underlined,

bid: integer, day: date)

and the domain of each held is listed after the feld

name. Thus sid is the key for Sailors, bid is the key for Boats, and all three fields

together form the key for Reserves. Fields in an instance ol one of these relations will

be referred to by name, or positionally, using the order in which they are listed above.

In the rest of this chapter (and in Chapter 5
53 of Sailors, K2 of Reserves, and 1 of Boat

respex tively

5 Towi [T o0
% [ Brutws [ 1 [330
31 [ Tubber [§ [ 555

32 [Andy |8 [%5

5 sy | 0 [%50°
(6 [Torato [ 7 {350
71 [ Zora [ 10160
nl_m

we illustrate queries using the instances
s, shown In Figures 4.15, 4.16, and 4.17,

o [T/ o/
22 [ 102 [ 10/10/%5_
22 [ 103 [ 10/5/95
22 [ 104 [ 10/7/98
51 [ 102 [ 11/10/95_
31103 [ 11/6/98
51 [ 101 [ 11/12/%5°
61 [ 101 [0/5/05
61 [ 102 [0/3/08

L?) bind M NGW’-'% Saile>

whe have Qesewedl boot— 105

S.sid = Rsid

— ,["Sname_ <5V<\ R) 9%’2 bid =03

= rgﬂm:u R- bid :w}sm‘%
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4.3.1 Tuple Relational Calculus

A tuple variable is a variable that takes on tuples of a particular relation schema as
values. That i1s. every value ;|.~:r-'|_u_|1{-|l to a given ||1E.:ll' variable has the same number
and type of fields. A tuple relational calculus query has the form { 7| p(T) }, where
[' is a tuple variable and p(7T) denotes a formula that describes T; we will shortly
define formulas and queries rigorously. The result of this query is the set of all tuples

t. The language for writing

t for which the formula p(1') evaluates to true with 7

formulas p(77) is thus at the heart of TRC and is essentially a simple subset of first-order

logic. As a simple example, consider the following query.

2. A query 1n the tuple relational calculus 1s expressed as
{t|P(t)}
1.e. the set of tuples ¢ for which predicate P is true.

3. We also use the notation

o t[a] to indicate the value of tuple t on attribute a.
o t € rto show that tuple ¢ 1s in relation r.

'lf\ L ¢ Sailofs /\ ,t.}ga,h'ﬂ?7-ﬂj Tuple yelable is ﬁég Qesutt
TRe b p T ¢ beloms b
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I he relational algebra expression equivalent to the following tuple calculus expression

10Nt B '..".'[H} 1S

With regards to the expressive power of the formal relational query languages, which of the following statements 1s true?

Relational algebra 1s more powerful than relational calculus

Relational algebra has the same power as relational calculus /

Relational algebra has the same power as safe relational calculus

None of the above

Consider the relation emplovee(name, sex, supervisorName) with name as the key, supervisorName gives the name of the
supervisor of the employee under consideration. What does the following Tuple Relational Calculus query produce?

{: Tarmi f ;n_f;h Yee | ¢ ALV I) f r”;ﬂ’; nyee | Iq I. Supe rvisorName # e. name I.Sserxr “male ")

f
ko2 wmg o waile—| My cemph
B. Names of emplovees with no immediate male subordinates
C. Names of employees with no immediate female subordinates \/'

A. Names of employees with a male supervison

D. Names of employees with a female supervisor

Which of the following tuple relational calculus expression(s) is/are equivalentto ¥t € r (P (t))?
. =3ter(P(t))
II. 3t & r(P(t))
[l. =3t € r(—-P(t))

IV. 3t r(-P(t))
A. | only /m D
/"

B. II only

C. 1l only >

D. 11T and IV only
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Before proceeding, we must point out an important distinction between the practical
SQL model and the formal relational model discussed in Chapter 5: SQL allows a
table (relation) to have two or more tuples that are identical in all their attribute
values. Hence, in general, an SQL table is not a set of tuples, because a set does not
allow two identical members; rather, it is a multiset (sometimes called a bag) of
tuples. Some SQL relations are constrained to be sets because a key constraint has
been declared or because the DISTINCT option has been used with the SELECT state-
ment (described later in this section). We should be aware of this distinction as we
. . discuss the examples.

llows duplicate tuples tor tollowing reasons :

Duplicate elimination 1s a expensive operation
User may want to see duplicate tuples in the result of query
When an aggregate function 1s applied to tuples, 1in most cases user don't
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SELECT S.name, E.cid
FROM Students S, Enrolled E

WHERE S.sid=E.sid AND E.grade=‘B’

S *1 Ji‘(ﬂn 4

sid |name | login [|age ‘gpa

53666 |Jones jones@cs | 18 34 |

53688 |Smith smith@ee | 18 | 3.2

Basic SQL Query |

- A list of relation names SERL @“&’2’ C@O

possibly with a after each name

: : . . . o7
: A list of attributes of tables in relation-list (oS!

: Comparisons combined using AND, OR and

NOT. - Red awgﬁ ﬂygb@a @uﬂ%@a)

Comparisons are Attr op const or Attrl op Attr2, where op is

oneof K. > = <_2> ‘
9 79 TT9 =9 '.:m L7 D[jﬂ‘/mcﬁfi

: optional keyword indicating that the answer \Y/

e
=

should not contain duplicates. Qp,lah‘ﬂm/g ,@([W @W%L

In SQL SELECT, the default is that duplicates are not

eliminated! (Result is called a “multiset”) \}r a?qu, nga%




We will present a number of sample queries using the following table definitions

_‘%.-tifnra[ ~arf.' iHTeE__‘;EI'. STiame. St]{_"ing_ Jr',,,l_.“_.-'_r,.-r-ﬂrl- integer_ age: real
Boats(bid: integer, bname: string, color: string)

Reserves(sid: integer, bid: integer, day: date)

0 —> Nomes o, gubfs whe have Sested boat HF|05

SHL SELECT  S-sname-
From  Saildhs S, Resosves K

WHERE S-sid = fﬁsrcﬂ AND R.pid= [0

Dusy  ophinisaber] Side-guest™
_gELBL’l’ S- sname- - | St K Q‘bd#m@m@
. SnaMe_ l
FrRoM Cailohs S Re so8VeS K
WHERE S cid = stﬁ Anp R bid= [0

é@ fnd. hame F-c9lfy  oll Sales:

cplecT _Q-Snam.e,/é'ajf/
FroM — Sadss S

;f:ﬁTuﬂM N O/’? =[O

Vo cplecT pisrinel <. Shame , & 0%

SELECT S.sid. S.sname. S.rating. S.age
FROM Sallors E S
WHERE S.rating > 7

'his query uses the optional keyword to introduce a range variable. Incidentally,
when we want to retrieve all columns, as in this query, SQL pros ides a convenient

shorthaittl: e can simnlv write SEIECT * This notation s useful v interactive
P
querying, but it is poor style for queries that are intended to be reused and maintained.

As these two examples illustrate, the SELECT clause is actually used to do projec-
tion, whereas selections in the relational algebra sense are expressed using the WHERE
clause! This mismatch between the naming of the selection and projection operators
in relational algebra and I the syntax of SQL is an unfortunate historical accident.

_ &) C viseR f’b 4 Pdﬁ}'m i
A @“‘”t@’ fird  de N g L@nug__{cﬂ Svp )
g cup-id_ jo) 03
2 .
FRoM Ewg E Enp S /0 |

- omp-id =101 0% 1ok
ke Eswpeid = Seenad N Bent Y

Range variables need to be introduced The table name cannot be used as an
explicitly only when the FROM clause implicit range variable once a range
contains more than one occurrence of a variable is introduced for the relation.

relation.
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WHERE  ¢.gd =R Sid

R

cailod _name

SELECT  Lhame _Ai/’/
CooM Sailhe S, Resars R

WHERE .l =Rsid

Sometimes, we wish to produce a relation with column headers different
from the attributes of the relation mentioned in the FROM clause. We may follow
the name of the attribute by the keyword AS and an alias, which becomes the
header in the result relation. Keyword AS is optional. That is, an alias can
immediately follow what it stands for, without any intervening punctuation.

> olp

ableas’ one  poot

jmffdjﬁ% i« el mando#w?,.

SELECT Lo
GooM Sailfe S, Resotes R

WHERE  C.gd =Rsid

olumn name- WA charge

— — g
= =

We now consider the syntax of a basic SQL guery in more detail.
" The from-list in the FROM clause is a list of table names. A table name can be
followed by a range variable:; a range variable is particularly useful when the

same table name appears more than once in the from-list.

The select-list is a list of (expressions involving) column names of tables named

in the from-list. Column names can be prefixed by a range variable.

The qualification in the WHERE clause is a boolean combination (i.e., an expres-

sion using the logical connectives AND, OR. and NOT) of conditions of the form

expression op expression, where op is one of the comparison operators {<, <
>=,>}.“ An expression is a column name, a constant, or an (arithmetic or

string) expression.

The DISTINCT keyword is optional. It indicates that the table computed as an
answer to this query should not contain duplicates, that is, two copies of the same

row. The default is that duplicates are not eliminated.

Although the preceding rules describe (informally) the syntax of a basic SQL query,
they don't tell us the meaning of a query. The answer to a query is itself a relation

which is a multiset of rows in SQL!—whose contents can be understood by considering

the following conceptual evaluation strategy:
. Compute the cross-product of the tables in the from-list.
2. Delete those rows in the cross-product that fail the qualification conditions.

3. Delete all columns that do not appear in the select-list.

{. 1f DISTINCT 1s h;_\vriliml. ellminate {l'IlF}“l'JITE‘ rows.
This straightforward conceptual evaluation strategy makes explicit the rows that must
be present in the answer to the query. However, it is likelv to be quite iln.'Hi:"tl'-I:T..

fc_ i NoOw,

our purpose is simply to explain the meaning of a query.
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Note that UNION, INTERSECT, and EXCEPT can be used on any two tables that are

union-compatible, that is, have the same number of columns and the columns, taken

in order, have the same types. For example, we can write the following query:

SQL has directly incorporated some of the set operations from mathematical set
theory, which are also part of relational algebra (see Chapter 8). There are set union
(UNION), set difference (EXCEPT),'! and set intersection (INTERSECT) operations.
The relations resulting from these set operations are sets of tuples; that is, duplicate
tuples are eliminated from the result. These set operations apply only to type-
compatible relations, so we must make sure that the two relations on which we apply
the operation have the same attributes and that the attributes appear in the same
order in both relations. The next example illustrates the use of UNION.

D vsed b pehud duplicafes .
QL > Resuryg pow maf%{/ afygesss Wl e 0
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SpLECT X
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SgLECT '*‘) ofp = A
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to note about UNION, INTERSECT. and EXCEPT follows. In contrast to the default that
duplicates are not eliminated unless DISTINCT is specified in the basic query form, the
default for UNION queries is that duplicates are eliminated! To retain duplicates, UNION

ALL must be used: if so, the number of copies of a row in the result is m + n, where

m and n are the numbers of times that the row appears in the two parts of the union.
Hilllil}ll‘l_\', one version of INTERSECT retains t[!l]jl]ii‘;iil_‘h the number of i'l.IIIiE'.H of a row
in the result 18 min(m,n)—and one version of EXCEPT also retains duplicates—the

_———-—'_'_-_-_‘

number of copies of a row in the result is m — n, where m corresponds to the first
‘ we—n
relation.

’

Bag semantics
Think of each row as having an implicit (the
number of times it appears in the table)

Bag union: up the counts from two tables

Bag difference: the two counts

Bag intersection: take the of the two counts

Line Smbg
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TAKE CARE NOTE (Seen in Rel.Alg.):

Are

you taking care of Key or Non-key??

Union, Intersect, Except; When done on

Non-key attribute, Might lead to wrong
answer... BUT NOT Always.. So again

take care!!
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FROM sailors S

EXCEPT

SELECT R.sid
0{ FROM Boats B,Reserves R
SELET S WHERE R.bid=B.bid

AND B.color=‘red’
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SQL allows us to use the keyword all to specify explicitly that duplicates are
not removed: - S ——

——

“‘;I —
select\all dept_name
from instructor:

Since duplicate retention is the default, we shall not use all in our examples. To
ensure the elimination ot Liupliu‘atw« in the results of our v\.nnplv qm*riva, we
shall use distinct whenever it is necessary.

1e select clause may also contain arithmetic expressions involving the op-
erators +, —, %, and / operating on constants or attributes of tuples. For example,
the query:

select ID, name, dept_name, salary * 1.1
from instructor:

returns a relation that is the same as the instructor relation, except that the attribute
salary is multiplied by 1.1. This shows what would result if we gave a 10% raise
to each instructor; note, however, that it does not result in any change to the
instructor relation. A= s

SELECT title, length*0.016667 AS length, ’M_igl{_ogr_s
FROM Movies

WHERE studioName = ’Disney’ AND year = 1990;
produces tuples such as

title inHours
Pretty Woman | 1.98334 | hrs.

We have arranged that the third column is called inHours, which fits with the
column header length in the second column. Every tuple in the answer will
have the constant hrs. in the third column, which gives the illusion of being
the units attached to the value in the second column. O S

Can use arithmetic expressions in SELECT clause (plus
other operations we’ll discuss later)

Use AS to provide column names

SELECT S.age, S.age:S AS agel, 2*%S.age AS agel
FROM Sailors S
WHERE S.sname = ‘dustin’

Can also have expressions in WHERE clause:

SELECT Sl.sname AS namel, SZ2.sname AS nameZ
FROM Sailors S1, Sailors S2
WHERE 2*Sl.rating = S2.rating - 1

D Whee cluse i¢ ke TN Roladional ofjebﬁia_
=)k apples ot Dle Juple. ok o dithe— _émdﬂ(ggnw



5.1.5 Product of Bags

The rule for the Cartesian product of bags is the expected one. Each tuple of

one relation is paired with each tuple of the other, regardless of whether it is a
duplicate . AS sult, if T appears in a reiati I times,
tuple s appears n times in relation S, then in the product R x S, the tuple rs
will appear mn times.

GATE exam will NOT ask you about

“Errors in SOL queries”, So, DO NOT

Worry about these “minor 1ssues” too

much.. Focus only on Meaning ot the
query.
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SQL does not allow the use of distinct with count (*). It is legal to use distinct
with max and min, even though the result does not change. We can use the

keyword all in place of distinct to specify duplicate retention, but, since all is the
default, there is no need to do so.

SUM(A) = 7
COUNT(A) = 3
MAX(B) = 4
MIN(B) = 2
AVG(B) = 3

Remark

* We can also use which counts

the number of tuples in the relation
constructed from the FROM and WHERE
clauses of the query.

ﬂ( LOUNT [DIS’T[NCT %) Invakicd
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Observe that we have used the result of an aggregate operation in the subquery as [ aLUlF[é—‘ { Wm (J’C{[DIE... 7
an argument to a comparison operation. Strictly speaking, we are comparing an age /
value with the result of the subquery, which is a relation. However, because of the use Mq}?ﬁﬂ
of the aggregate operation, the subquery is guaranteed to return a single tuple with
a single field, and SQL converts such a relation to a field value for the sake of the
CcOmparison.
e rumbs ofy SaK — RS
% : W FQOM CAILD
« SELECT COUNT ( Yes, the DISTINCT keyword in SQL retains NULL values, but it treats all NULL values as
FROM Member; identical duplicates, so only one NULL value will appear in the final result set regardless

IS equivalent to: of how many NULL tuples are present in the original data. ¢

« SELECT COUNT (%)
FROM (SELECT DISTINCT uid FROM Member) . When SELECT DISTINCT is used on a single column:

» [f the column contains multiple NULL entries, only a single NULL is returned as part of
the unique values list.
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1. When we operate on a NULL and any value, including another NULL, using
an arithmetic operator like x or +, the result is NULL.

2. When we compare a NULL value and any value, including another NULL,
using a comparison operator like = or >, the result is UNKNOWN. The value

UNKNOWN is another truth-value, like TRUE and FALSE; we shall discuss how
to manipulate truth-value UNKNOWN shortly.
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SQL conditions, as appear in WHERE clauses of select-from-where statements,
apply to each tuple in some relation, and for each tuple, one of the three truth
values, TRUE, FALSE, or UNKNOWN is produced. However, only the tuples for
which the condition has the value TRUE become part of the answer; tuples with
either UNKNOWN or FALSE as value are excluded from the answer. That situation
leads to another surprising behavior similar to that discussed in the box on
“Pitfalls Regarding Nulls,” as the next example illustrates.

Movies(title, year, length, genre, studioName, producerC#)

the following query:

SELECT =
FROM Movies
WHERE length <= 120 OR length > 120;

Intuitively, we would expect to get a copy of the Movies relation, since each
movie has a length that is either 120 or less or that is greater than 120.

However, suppose there are Movies tuples with NULL in the length compo-
nent. Then both comparisons length <= 120 and length > 120 evaluate to
UNKNOWN. The OR of two UNKNOWN’s is UNKNOWN, by Fig. 6.2. Thus, for any tuple
with a NULL in the length component, the WHERE clause evaluates to UNKNOWN.
Such a tuple is not returned as part of the answer to the query. As a result,
the true meaning of the query is “find all the Movies tuples with non-NULL
lengths.” O




Given a table R(A,B,C) where C is an integer-
type field that permits NULL values. Choose
the statement below that best describes the

result from the SQL query:

SELECT * FROM R WHERI

All rows from R

The empty set, due to conflicting conditions in
the WHERE clause

All rows from R where column C contains the

value NULL

All rows from R where the value in column C is

non-NULL

The SQL aggregate function that gives the number of rows containing non-null values for a given column is

Select one
SUM
MIN
MAX
COUNT

Another issue in the presence of null values is the definition of when two rows in a
relation instance are regarded as duplicates. The SQL definition is that two rows are
duplicates if corresponding columns are either equal, or both contain null. Contrast

this definition with the fact that if we compare two null values using =, the result is
unknown! In the context of duplicates. this comparison is implicitly treated as true.

- - -‘__-__-_
which i1s an anomaly.

5.6.5 Disallowing Null Values

We can disallow null values by specifying NOT NULL as part of the field definition, for
example, sname CHAR(20) NOT NULL. In addition, the fields in a primary key are not
allowed to take on null values. Thus, there is an implicit NOT NULL constraint for every
field listed in a PRIMARY KEY constraint.
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MUST Rules tfor GROUP BY clause:
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Q) WHEL € ’ separatergroup is created for all tuples with a NULL
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GROUP BY and the SQL/92 standard

The SQL/92 standard for GROUP BY requires the following:
. A column used 1n an expression of the SELECT clause must be in the GROUP BY clause.

Otherwise, the expression using that column 1s an aggregate function.

L]

{ ), >
SRRy | - : : ! U R
A GROUP BY expression can only contain column names from the select list, but not those VKL P » '\!
used only as arguments for vector aggregates.

The results of a standard GROUP BY with vector aggregate functions produce one row with one value per
group

NOTE: Group By with Multiple Relations in FROM [

Clause:

R(A,B); S(B,C) R | —> 4 Tyles 10 7’

SE251N

i evaluated
SELECT A,C; COUNT(B) () Whele

A RE SB |
-\ 1 _
FROM RS MR s 2
WHERE A <> S.B R s ’
A/ > 4
A . I a J \ LP
GROUP BY A,C; | 2 a @ 1 B
e k2 » 4 J‘“{ os =
- (4 Nuld — )
S a ! in o { P
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It is also possible to use a GROUP BY clause in a query about several relations. | 2 g —
Such a query is interpreted by the following sequence of steps: | 3 4 R
Vud
[ 3 5
1. Evaluate the relation R expressed by the FROM and WHERE clauses. That z P I
is, relation R is the Cartesian product of the relations mentioned in the I a a
FROM clause, to which the selection of the WHERE clause is applied. [ % I 3 = [
ol
2. Group the tuples of R according to the attributes in the GROUP BY clause. i | b <
A a P
3. Produce as a result the attributes and aggregations of the SELECT clause, 148 Le I &
as if the query were about a stored relation R. 1 2 C vt
-1 & 9 | :—:—_r/_‘ 7
T N
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When tuples have nulls, there are a few rules we must remember:

e The value NULL is ignored in any aggregation. It does not contribute to
a sum, average, or count of an attribute, nor can it be the minimum or
maximum in its column. For example, COUNT (*) is always a count of the
number of tuples in a relation, but COUNT (A) is the number of tuples with
non-NULL values for attribute A.

On the other hand, NULL is treated as an ordinary value when forming
groups. That is, we can have a group in which one or more of the grouping
attributes are assigned the value NULL.

When we perform any aggregation except count over an empty bag of
values, the result is NULL. The count of an empty bag is 0.
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6.1.8 Ordering the Output

We may ask that the tuples produced by a query be presented in sorted order.
The order may be based on the value of any attribute, with ties broken by the
value of a second attribute, remaining ties broken by a third, and so on, as in
the 7 operation of Section 5.2.6. To get output in sorted order, we may add to
the select-from-where statement a clause:

ORDER BY <list of attributes>

The order is by default ascending, but we can get the output highest-first by
appending the keyword DESC (for “descending”) to an attribute. Similarly, we
can specify ascending order with the keyword ASC, but that word is unnecessary.
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Conceptual Order of Evaluation of a Select Statement:
1. First the product of all tables in the FROM clause is formed.
2. The WHERE clause is then evaluated to elinihate rows that do not satisty the
search_condition.
3. Next, the rows are grouped using the columns in the GROUP BY clause.
4. Then, Groups that do not satisfy the search_condition in the HAVING clause
are eliminated.
5. Next, the expressions in the SELECT clause target list are evaluated.
6. If the DISTINCT keyword in present in the select clause, duplicate rows are
now eliminated.
7. Finally, the resulting rows are sorted according to the columns specified in the

ORDER BY clause.
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3.4.3 Set-Comparison Operators

We have already seen the set-comparison operators EXISTS, IN, and UNIQUE, along
ANY and

the arithmetic comparison operators {<, <=,=,<>,>=,>}. (SOME is also available,

with their negated versions. SQL also supports op

but it is just a synonym for ANY.)

3. s > ALL R is true if and only if s is greater than every value in unary
relation R. Similarly, the > operator could be replaced by any of the
other five comparison operators, with the analogous meaning: s stands in
the stated relationship to every tuple in R. For instance, s <> ALL R is
the same as s NOT IN R.

. 8> ANY R is true if and only if s is greater than at least one value in unary
relation R. Similarly, any of the other five comparisons could be used in
place of >, with the meaning that s stands in the stated relationship to
at least one tuple of R. For instance,|s = ANY R is the same as s IN K.

The EXISTS, ALL, and ANY operators can be negated by putting NOT in front
of the entire expression, just like any other boolean-valued expression. Thus,
NOT EXISTS R is true if and only if R is empty. is true if and
only if s is not the maximum value in R, and{NOT s > ANY R is true if and
only if 8 is the minimum value in R. We shall see several examples of the use
of these operators shortly.
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Q: What 1s the Output??

SELECT S.sname
FROM Sailors S

FROM Sailors S
WHERE S.sid IN ( SELECT R.sid WHERE S.sidIN ( SELECT R.sid
J./ FROM Reserves R

Q: What 1s the Output??

SELECT S.sname

FROM Reserves R
NDT WHERE R hiqil"li?.' ( SELECT B.bid

FROM Boats B

NQT WHERE B.color = ‘red’

FROM Boats B
NOT WHERE B.colo

.m.goclnutm

[ofelobed  Sub Quiy

From A P LovnT )

wuere A7 LS
cROM 2

WHERE KE.::’S'@
\—f—

ﬂ@ ' databas . Here are two re
[Example:
SELECT *
FROM R
WHERE EXISTS ( SELECT * |
| Vkod, M

FROM S
WHERE( B)< C)

%au Sub
e

oF™ = Databasdibaaiiit
[Example:
SELECT *
FROM R
WHERE EXISTS({ SELECT count(*)
FROM S
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[Example: A’@
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Clicker nested
question

Determine the result of:
SELECT Team, Day
FROM Scores S1

WHERE Runs <= ALL
(SELECT Runs
FROM Scores S2
WHERE S1.Day = S2.Day )

Which of the following is in
the result:

A. (Carp, Sun)

B. (Bay Stars, Sun)

C. (Swallows, Mon)

). All of the above L~
None of the above

Consider the following database schema

Product (pid, name, brand, price, color),

Consider the following SQL queries:
Query P :
SELECT

GROUP BY

= O\
1-11

Query Q :

Which of the following is correct?

A. Query P, Q are equivalent.

B. Query P, Q) are not equivalent But if w

Query P, Q are not equivalent even if

Dragons
Tigers
Carp
Swallows
Bay Stars
Giants
Dragons
Tigers
Carp
Swallows
Bay Stars
Giants

where pid

Scores:

Opponent

Swallows
Bay Stars
Giants
Dragons
Tigers
Carp
Carp

Bay Stars
Dragons
Giants
Tigers

Swallows

s the primary key

N ~ © W O OO & N 4N N © &

e ignore the duplicates in the result of P.( ) then P () are eq

we ignore the duplicates in the result of P, Q).

D. Result of query P is always a superset of the result of query Q).

livalent







