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Example | nstances

1 We will use these
Instances of the
Sailors and
Reserves relations
In our examples.

1 If the key for the
Reserves relation
contained only the
attributes sid and
bid, how would the
semantics differ?
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R1 |sid | bid day
22 1101 |10/10/96
58 103 |11/12/96

sid |sname |rating age

22 |dustin 14 45.0

31 |lubber | 8 53.5

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




SQL WHERE Predicates
Over Sets

1 ValueIN / NOTIN SET

1 EXISTS / NOT EXISTS SET
1 UNIQUE SET

1 Value op ANY SET

1 Value op ALL SET
D opisoneof = 5= < < <

1 Where do we get SET from?
b Select statement!
b Nested quetries.
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Nested Queries

Find names of sailors who@e reserved boat # 103:
SELECT S.shame
FROM Sailors S
WHERE S.sid IN (SELECT R.sid
FROM Reserves R
WHERE R.bid=103)

A very powerful feature of SQL: a  WHERE clause can itself
contain an SQL query !

b (Actually, so can FROM and HAVING clauses; more later....)
To find sailors who ®e not reserved boat # 103, use NOT I N.
To understand the semantics of nested queries, consider

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

Instance of Reserves

sid sname rating |age
22 |dustin | 7 45.0
31 |lubber | 8 55.5
58 |rusty 10 [35.0
Answer

SELECT S.shame

FROM Sailors S

WHERE S.sid IN (SELECT R.sid
FROM Reserves R
WHERE R.bid=103)
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sd |bid = day

22 101 |10/10/96

58 103 |11/12/96
shnaime
rusty

subquery answer = 58




Nested Queries with Correlation

Find names of sailors who®e reserved boat # 103:
SELECT S.shame

FROM Sailors S
WHERE EXISTS (SELECT *
FROM Reserves R

WHERE R.bid=103 AND S.sid=R.sid)

EXISTS Is another set comparison oper at or

What is the subquery answer?

Typically, the subquery must be re- computed for each
Sailors tuple when EXISTS is used.

b why??
b how would this af f ect execution speed??
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Instance of Sailors

Instance of Reserves

sid sname rating |age

22 |dustin | 7 45.0

31 |lubber | 8 55.5

58 |rusty 10 [35.0
Answer

SELECT S.sname

FROM Sailors S

WHERE EXISTS (SELECT *
FROM Reserves R

| NFS614, Lecture 6

sid |bid day

22 |101 10/10/96

58 103 11/12/96
sname
rusty

WHERE R.bid=103AND S.sid=R.sid)




Nested Queries with Correlation

¥ UNIQUE SET:
¥TRUE . No duplicates tuples inthe
subquery or empty
¥FALSE: Otherwise

Find names of sailors who®e reserved boat # 103 at

MOost once:
SELECT S.shame

FROM Sailors S —
WHERE UNIQUE (SELEC
FROM Reserves R

WHERE R.bid=103 AND S.sid=R.sid)

Why do we have to use R.bid instead of * ?
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More on Set-Comparison Operators
¥ Can also useNOT IN, NOT EXISTS and NOT UNIQUE

Find names of sailors who have not reserved boat #103

SELECT S.shame SELECT S.shame
FROM Sailors S FROM Sailors S
WHERE S.sid NOT IN WHERE NOT EXISTS
(SELECT R.sid (SELECT *
FROM Reserves R FROM Reserves R

WHERE R.bid=103) WHERE R.bid=103 AND S.sid=R.sid)

SELECT S.sname  Find sailors who have reserved

FROM Sallors S boat # 103 more than once
WHERE NOT UNIQUE

(SELECT R.bid
FROM Reserves R
WHERE R.bid=103 AND S.sid=R.sid)
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More on Set-Comparison
Operators

¥ Also available: op ANY, op ALL, opis: >,<=1," #

¥ op ANY :

¥ vlop ANY (subquery): TRUE if Qr1 op v20Oholds for
some value v2 retrieved by the subquery.

¥ thatis: { ! v2|v2 " (subguery answer) # v1 op v2}
¥ v1: attribute name ora constant
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More on Set- Cqmparig. on
Operators: CAN YO

I Find sailors whose rating is greater than that of
some sailor called Horat io:

SELECT *
FROM Sailors S
WHERE S.rating > ANY (SELECT SZ2.rating
FROM Sallors S2
WHERE S2.sname=@loratio
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More on Set- Comparison Operators

¥ op ALL:
v op ALL (subquery) : TRUE if Qris opOwith respectto 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 SZ2.rating
FROM Sailors S2

WHERE S2.sname=@loratio

Find sailors with highest rating

SELECT *

FROM Sailors S

WHERE S.rating >= ALL (SELECT SZ2.rating
FROM Sailors S2)
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More Complex Nested Queries

' Find sailors who ®@e have reserved ared boat

SELECT *
FROM Sailors S
WHERE EXISTS (SELECT *
FROM RESERVESR
WHERE S.sid=R.sid
AND EXISTS (SELECT *
FROM BOATS B
WHERE B.COLOR = @dO
AND B.bid = R.bid))

1  How would this look iIn TRC ??
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Rewriting INTERSECT Queries Using Nested
Queries

Find sid® of sailors who @e reserved both a red and a
green boat:

SELECT DISTINCT S.sid

FROM Salilors S, Boats B, Reserves R

WHERE S.sid=R.sid AND R.bid=B.bid AND B.color=¢edO

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=Qreen(
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Rewriting INTERSECT Queries Using Nested
Queries

SELECT DISTINCT S.sid
FROM Sailors S, Boats B, Reserves R
WHERE S.sid=R.sid AND R.bid=B.bid AND B.color=¢edO
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=@QreenQ

¥ Tofind names of Sailors who®e reserved both red and green boats,
just replace S.sid by S.sname in SELECT clause.

¥ What about the | NTERSECT query?

¥ Similarly, EXCEPT queries can be re-written using NOT I N/NOT
EXI STS.
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Division in SQL

Find sailors who®e reserved all boats.

SELECT S.sname < For each sailor S
FROM Sailors S

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

Subquery returns 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 SQL
Find sailors who®@e reserved all boat s.
¥ Using only ONOT EXISTS O(most like TRC approach)

SELECT S.sname Sailors S such that ...
FROM Sailors S _
WHERE NOT EXISTS (SELECT B.bid fhereisnoboat B
FROM Boats B such that ...
WHERE NOT EXISTS (SELECT R.bid
FROM Reserves R

S has not reserved B. WHERE R.bid=B.bid
AND R.sid=S.sid))
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Conclusions for now

| This is the @oreOof SQL
b Bag, nested loop semantics

b Operations can be understood in terms of
Relational Algebra and TRC

1 A lot of extensions (i.e., beyond relational
complet eness) coming up!

b e.qg., aggregates
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