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Example I nst ancesExample I nst ances

sid sname rating age

22 dustin 7 45.0
31 lubber 8 55.5
58 rusty 10 35.0

sid sname rating age

28 yuppy 9 35.0

31 lubber 8 55.5

44 guppy 5 35.0

58 rusty 10 35.0

sid bid day

22 101 10/10/96
58 103 11/12/96

R1

S1

S2

! We will use these
instances of the
Sailors and
Reserves relations
in our examples.

! If the key for the
Reserves relation
contained only the
attributes sid and
bid , how would the
semantics differ?
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SQL WHERE Pre dicat esSQL WHERE Pre dicat es
OverOver   Set sSet s

! Value I N /  NOT IN  SET
! EXISTS  /  NOT EXISTS  SET
! UNIQUE  SET
! Value op ANY SET
! Value op ALL SET

Ð op is one of  =, >, >=, <, <=, <>

! Where do we get SET from?
Ð Select statement!
Ð Nested queries.
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Nest ed Querie sNest ed Querie s

! A very powerful feature of SQL:  a WHERE clause can itself
contain an SQL query !
Ð (Act ually, so can FROM and HAVING  clauses; mor e lat er ....)

! To find sailors who Õve not  reserved boat # 103, use NOT I N.
! To understand t he semantics  of nested queries, consider

nested loops  evaluation:  For each Sailors tuple, check the
qualification by  computing the subquery.

SELECT  S.sname
FROM  Sailors S
WHERE  S.sid  IN  (SELECT  R.sid
                              FROM  Reserves R
                              WHERE  R.bid=103)

Find names of  sailor s whoÕve r eser ved boat  # 103:
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sid sname rating age

22 dustin 7 45.0
31 lubber 8 55.5
58 rusty 10 35.0

sid bid day

22 101 10/10/96
58 103 11/12/96

Instance of Sailors Instance of Reserves

(SELECT  R.sid
 FROM  Reserves R
WHERE  R.bid=103)

sid 
58 
 

22    IN  FALSE This tuple is not selected3158  TRUE: This tuple is selected

Answer
SELECT  S.sname
FROM  Sailors S
WHERE  S.sid IN  (SELECT  R.sid
                            FROM  Reserves R
                            WHERE  R.bid=103)

sname 
rusty 
 

subquery answer = 58
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Nested Queries with CorrelationNested Queries with Correlation

! EXISTS  is anot her  set  compar ison oper at or
! What is the subquery answer?
! Typically, the  subquery must be re- computed for each

Sailors t uple when EXISTS is used.
Ð why??

Ð how would t his af f ect  execut ion speed??

SELECT  S.sname
FROM  Sailors S
WHERE   EXISTS  (SELECT  *
                             FROM  Reserves R
                             WHERE  R.bid=103 AND S.sid=R.sid)

Find names of  sailor s whoÕve r eser ved boat  # 103:
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sid sname rating age

22 dustin 7 45.0
31 lubber 8 55.5
58 rusty 10 35.0

sid bid day

22 101 10/10/96
58 103 11/12/96

Instance of Sailors Instance of Reserves

(SELECT  *
  FROM   Reserves R
  WHERE  R.bid=103 AND   22   =R.sid)

sid bid day 
 

31

Answer

SELECT  S.sname
FROM   Sailors S
WHERE   EXISTS  (SELECT  *
                               FROM   Reserves R
                               WHERE  R.bid=103 AND S.sid=R.sid)

sname 
rusty 
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Nested Queries with CorrelationNested Queries with Correlation

¥   UNI QUEUNI QUE  SET:
¥TRUE : No duplicat es t uples in t he 

subquer y or  empt y
¥FALSE: Ot her wise

Find names of  sailor s whoÕve r eser ved  boat  # 103 at
most  once:

SELECT  S.sname
FROM  Sailors S
WHERE   UNIQUE  (SELECT  R.bid
                             FROM  Reserves R
                             WHERE  R.bid=103 AND S.sid=R.sid)

Why do we have t o use R.bid inst ead of  *  ?
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More on Set-Comparison OperatorsMore on Set-Comparison Operators
¥ Can also use NOT IN, NOT EXISTS and NOT UNIQUE :

SELECT  S.sname
FROM  Sailors S
WHERE  S.sid NOT IN 
   (SELECT  R.sid
    FROM  Reserves R
    WHERE  R.bid=103)

SELECT  S.sname
FROM  Sailors S
WHERE  NOT  EXISTS  
   (SELECT  *
    FROM  Reserves R
     WHERE  R.bid=103 AND S.sid=R.sid)

Find names of sailors who have not  reserved boat #103

SELECT  S.sname
FROM  Sailors S
WHERE  NOT UNIQUE
   (SELECT  R.bid
    FROM  Reserves R
    WHERE  R.bid=103 AND S.sid=R.sid)

Find sailor s who have r eser ved
boat  # 103 mor e t han once
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More on Set-ComparisonMore on Set-Comparison
OperatorsOperators

¥ Also available:  op ANY, op ALL, op is:

¥ op ANY :
¥ v1 op ANY (subquery): TRUE if Òv1 op v2Ó holds for

some value v2 retrieved  by the subquery.
¥ that is:  { !  v2 | v2 "  (subquery answer) # v1 op v2}
¥ v1: attribute name or a constant

> < = ! " #, , , , ,
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More  on Set - Comparis onMore  on Set - Comparis on
Opera t ors :  Opera t ors :  ÒÒAN YAN YÓÓ

! Find sailor s whose r at ing is gr eat er  t han t hat  of
some sailor  called Hor at io:

SELECT  *
FROM  Sailors S
WHERE  S.rating > ANY  (SELECT  S2.rating
                                       FROM  Sailors S2
                                       WHERE S2.sname=ÔHoratioÕ)



I NFS614,  Lect ur e 6 12

¥ op ALL:
 v op ALL (subquery) : TRUE if Òv is opÓ with respect to all
the values retrieved by the subquery.

Find sailors  whose rating is higher than all sailors
called Horatio
SELECT  *
FROM  Sailors S
WHERE  S.rating > ALL  (SELECT  S2.rating
                                       FROM  Sailors S2
                                       WHERE S2.sname=ÔHoratioÕ)
Find sailors  with highest rating
SELECT  *
FROM  Sailors S
WHERE  S.rating >= ALL  (SELECT  S2.rating
                                         FROM  Sailors S2)

Mor e on Set - Compar ison Oper at or sMor e on Set - Compar ison Oper at or s
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Mor e Complex Nest ed Quer iesMor e Complex Nest ed Quer ies

! Find sailors who Õve have reserved a red boat
SELECT  *
FROM  Sailors S
WHERE  EXISTS  (SELECT  *

                                FROM  RESERVES R
                                WHERE S.sid=R.sid

       AND EXISTS (SELECT *
FROM BOATS B
WHERE B.COLOR = ÔredÕ
AND  B.bid = R.bid))

! How would this look in TRC ??
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Rewriting INTERSECT Queries Using Nested
Queries

Find sidÕs of sailors who Õve reserved both a red and a
green boat:

SELECT DISTINCT S.sid
FROM     Sailors S, Boats B, Reserves R
WHERE  S.sid=R.sid AND R.bid=B.bid AND B.color=ÔredÕ
             AND S.sid IN

     (SELECT  S2.sid
                 FROM     Sailors S2, Boats B2, Reserves R2
                 WHERE  S2.sid=R2.sid AND R2.bid=B2.bid
                               AND  B2.color=ÔgreenÕ)
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Rewriting INTERSECT Queries Using Nested
Queries

¥ To f ind names of  Sailor s whoÕve r eser ved bot h r ed and gr een boat s,
j ust  r eplace S.sid by S.sname in SELECT clause.

¥ What  about  t he I NTERSECT quer y?
¥ Similar ly, EXCEPT quer ies can be r e-wr it t en using NOT I N/ NOT

EXI STS.

SELECT DISTINCT S.sid
FROM     Sailors S, Boats B, Reserves R
WHERE  S.sid=R.sid AND R.bid=B.bid AND B.color=ÔredÕ
             AND EXISTS

     (SELECT  S2.sid
                 FROM     Sailors S2, Boats B2, Reserves R2
                 WHERE  S2.sid=R2.sid AND R2.bid=B2.bid
                               AND  S.sid = S2.sid AND B2.color=ÔgreenÕ)



I NFS614,  Lect ur e 6 16

Division in SQLDivision in SQL

SELECT  S.sname
FROM  Sailors S
WHERE  NOT EXISTS 
              ((SELECT  B.bid
                 FROM  Boats B)
              EXCEPT
                (SELECT  R.bid
                 FROM  Reserves R
                 WHERE  R.sid=S.sid))

Find sailor s whoÕve r eser ved all boat s.

For each sailor S

Subquery  r eturns  boats  that have
not been reserved by sailor  S

If S has reserved all boats ,
the result of the subquery is
empty  and TRUE!
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Division in SQLDivision in SQL

¥ Using only ÒNOT EXISTS Ó (most like TRC approach)

SELECT  S.sname
FROM  Sailors S
WHERE NOT EXISTS (SELECT  B.bid
                                FROM  Boats B 
                                WHERE  NOT EXISTS (SELECT  R.bid
                                                                 FROM  Reserves R
                                                                 WHERE R.bid=B.bid
                                                                                            AND R.sid=S.sid))

Find sailor s whoÕve r eser ved all boat s.

Sailors S such that ...

there is no boat B
such that  ...

S has not r eserved B.



I NFS614,  Lect ur e 6 18

Conclusions f or nowConclusions f or now

! This is t he Òcor eÓ of  SQL
Ð Bag, nested loop semantics
Ð Operations can be understood in terms of

Relational Algebra and TRC

! A lot  of  ext ensions (i.e., beyond r elat ional
complet eness) coming up!
Ð e.g., aggregates


