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Basic form of a SQL Query

0 SQL query:
SELECT [ DI STI NCT] sel ect-1ist
FROM from | i st
WHERE qual i fication

0 Every query must have SELECT clause

0 TheFROMspecifies a cross product of tables

0 The optionaMHERE clause specifies selection conditions on the
tables mentioned in thEROM

00 This query corresponds to a relational algebra expression
involving selection, projections and cross-products.
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Overview

0O Areview of SQL

Basic Select statements
UNION, INTERSECT, EXCEPT
Nested queries

Aggregate operations

GROUP BY and HAVING
NULL

Constraints

OoooooO
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Example

0 SELECT S. snane, S. age
FROM Sai l ors S

| sname | age |
Dustin 45
Brutus 33
Lubber | 55.5
Andy 255
0 Rusty 35
Horatio | 35
Zorba 16
Horatio | 35
Art 25.5
Bob 63.5
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Example, without DISTINCT

0 This could include several copies of the same row

SELECT S. snane, S. age
FROM Sai lors S

O This result is known as aultiset

[ sname [ age |
Dustin 45
Brutus 33
Lubber | 55.5
Andy 255
Rusty 35
Horatio | 35
Zorba 16
Horatio | 35
Art 25.5
Bob 63.5
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Another Example

0 (Q11) Find all sailors with a rating above 7
SELECT S.sid, S.sname, S.rating, S. age
FROM Sailors AS S
VWHERE S.rating > 7
O Notice the use oAS to as an alternative for an alias

[ sid | sname | rating | age |

31 | Lubber | 8 56.5
32 | Andy 8 25.5
58 Rusty 10 35
71 | Zorba 10 16
74 | Horatio | 9 35
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Multiset

0 A Multiset is similar to a set but there could be multiple copies of
each element

0 Two multisets could have the same elements and still berdifte
because the number of copies of each element{e.@, b} and
{b,a,b} are the same, byt a, b} is not.
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Another Example... using*

0 * shorthand for “all columns” in the order in which they are

defined in the table schema
0O Poor programming style. Query changes if the schema changes

SELECT *
FROM Sailors AS S
VWHERE S.rating > 7

| sid | sname | rating | age |

31 Lubber | 8 55.5
32 | Andy 8 25.5
58 Rusty 10 35
71 | Zorba 10 16
74 Horatio | 9 35
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SELECT in detall

SELECT does projection
VWHERE does selection
Thefrom-list in the FROMclause is list of tables

O O 0o O

Theselect-listis a list of expressions involving columns of those
tables (from-list)

0 Thequalification in theWHERE is a boolean combination of
conditions of the fornexpressionop expressionwhereop is
oneof: <, <=,=,<>,>=,>

0 TheDI STI NCT is optional
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Example of Query Evaluation

0 Q1 Find the names of sailors who have reserved boat number 10

SELECT S. snane
FROM Sailors S, Reserves R
WHERE S. si d=R.sid AND R bid= 103;

O Assume these instances:

sd [ bid | day | [ sid | sname | rating | age ]

22 | 101 | 1998-10-10 22 | Dustin | 7 45
58 | 103 | 1998-11-12 31 | Lubber | 8 55.5
58 Rusty 10 35
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But, what is the meaning of a query?

0O A guery does not tells us how to compute it

0 The result of a query is eelation, which is amultiset of rows

0O A conceptual evaluation strategy (easy to understand,diut n
necessarily what the database uses—in fact, it is quitéaresft)

1. Compute the cross product of the tables inftben-list

2. Delete the rows in the cross-product that fail thelification
conditions

3. Delete all columns that do not appear in fa¢ect-list

4. If DISTINCT is specified, eliminate duplicate rows
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Query Evaluation...

0O The first step is to compute the cross product:
| sid | sname | rating | age | sid [ bid [ day |

22 Dustin 7 45 22 101 | 1998-10-10
22 Dustin 7 45 58 103 | 1998-11-12
31 Lubber | 8 565 | 22 101 | 1998-10-10
31 Lubber | 8 565 | 58 103 | 1998-11-12
58 Rusty 10 35 22 101 | 1998-10-10
58 Rusty 10 35 58 103 | 1998-11-12

0 Now we apply qualification:

S.sid = Rsid AND R bid = 103
[ sid | sname] rating | age | sid | bid | day |
[58 [ Rusty [ 10 | 35 | 58 | 103 | 1998-11-12]
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Query Evaluation...

0 Finally, we do projection:
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Collating Sequences

0 Character and string operations are done by using an ogderin
calledcollating sequence

0 This allows for multi-byte and foreign languages support

0 Also, some DBMS use a case-sensitive default collating esecg:
(mysql, MS SQL servethe textbook for instance)

5-15SQL (1.1.2) CSC 370 dmgerman@uvic.ca

5-14 SQL (1.1.2)

5-16 SQL (1.1.2)

Expressions and Strings in theSELECT

Each item in theselect-listcan be an expression of the form
expression AS columnnamewhereexpressionis any
arithmetic or string expression over columns and constants

0 column_namebecomes the name of the result column
0 It can also contain aggregates (discussed later)
0 Some DBMS allow the use of UD (user defined) and library

functions

Example:

SELECT S.snane, S.rating+l AS rating

FROM Sailors S, Reserves Rl, Reserves R2

WHERE S.sid = RlL.sid AND S.sid = R2.sid AND
Rl.day = R2.day AND Rl.bid <> R2.bid
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Pattern Matching

0 SQL provides very rudimentary pattern matching:
0 LI KE operator

0 9% Wild card, match zero or more arbitrary characters

0 _: Match exactly one arbitrary character

' _AB% matches any string that has at least 3 chars, A as secon
char, and B as third one.

Example: Q18: Find the ages of sailors whose name begins and

ends with B and has at least 3 characters

SELECT S. age
FROM Sailors S
VWHERE S. snane LIKE ' B _%B%

Notice the use of the % at the end of the string. It matches the

trailing spaces
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UNION INTERSECT

O Computes thenion between twdSELECT statements 0 Computes thentersection between twdSELECT statements
0 Q5: Find the names of sailors who have reserved ared oragreer - Q6: Find the names of sailors who have reserved both a red and
boat (or both) a green boat
SELECT DI STI NCT s. snane
SELECT DI STINCT s. snane FROM Sailors S, Reserves Rl, Reserves R2, Boats Bl, Boats B2
FROM Sailors S, Reserves R, Boats B VWHERE S.sid = Rl.sid AND S.sid = R2.si d
WHERE S.sid = R sid AND R bid = B.bid , AND R1.bid = Bl.bid AND R2. bid = B2.bid
AND (B.color ="red ORB.color = "green) AND Bl.color = 'red AND B2.color = ’'green’
0 UsingUNI ON: 0 Usingl NTERSECT:
SELECT s. snane SELECT s. sname
FROM Sailors S, Reserves R, Boats B FROM Sailors S, Reserves R, Boats B
WHERE S.sid = R sid AND R bid = B.bid AND B.color = "red’ WHERE S.sid = Rsid AND R bid = B.bid AND B.color = "red’
UNI ON | NTERSECT
SELECT s. snane SELECT s. snane
FROM Sailors S, Reserves R, Boats FROM Sailors S, Reserves R, Boats
WHERE S.sid = RS|dANDRb|d—Bb|dANDBc0Ior:'green‘ WHERE S.sid = RS|dANDRb|d—Bb|dANDBc0Ior:'green‘

0 This has a bug, can you spot it? See textbook (page 143 for
discussion of the error)
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EXCEPT Nested Queries

O Computes theet differencebetween twaSELECT statements O In SQL you can embed queriesupquerie inside queries

0 Q19: Find the sids of all sailors who have reserved red boats b 0 Subqueries can include conditions that refer to a relahian t
not green boats. needs to be computed
SELECT s.sid 0 Subqueries usually appear in ABERE clause, but can also
FROM Sailors S, Reserves R, Boats B .
WHERE S.sid = R sid AND R bid = B.bid AND B.color = 'red’ appear in thé&-ROM(or HAVI NG
EXCEPT
SELECT s.sid - Fi i
PROM Sai | os S, Reserves R Boats B 0 Q1: Find the names of the sailors who have reserved boat 103
WHERE S.sid = R sid AND R bid = B.bid AND B.color = 'green’ SELECT s. sname

FRO\/ISalloasS(S or g
H . VWHERE S. si I'N ELE R. si

0O Or the simpler query: FROM Reserves R
FROM Reserves R, Boats B . .
WHERE R bid = B.bid AND B.color = 'red’ 0 QI1: Find the names of the sailors who hadv®T reserved boat
EXCEPT
SELECT R sid 103
FROM Reserves R, Boats B .
WHERE R bid = B.bid AND B.color = 'green’ N Replacel Nwith NOT | N
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Conceptual Evaluation Strategy

0O Extend step 2 by recomputing the subquery before testing the
gualification condition

O If the subquery has another subquery, we apply the same idea
recursively
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Correlated Nested Queries

00 The inner query can depend on a value of the current row being

examined

0 Q1. Find the names of sailors who have reserved boat number

103

SELECT s. sname
FROM Sailors S
VWHERE EXI STS ( SELECT *
FROM Reserves R
WHERE R bid = 103 AND R sid = S.sid)

O EXI STStests if a result is not empty

O In this example, for each row &ailorswe tests if the result of
the inner query is non-empty

0 The existence of S in the subquery is a called a correlation

0O Note that this is a proper use of than the SELECT clause
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Multiple Nested Queries

0 Q2. Find the names of sailors who have reserved a red boat

SELECT s. snane
FROM Sailors S
WHERE S.sid IN (SELECT R sid
FROM Reserves R
WHERE R bid I N (SELECT B.Bi d
FROM Boats B
VWHERE B.color = 'red))

O | Ntests if the first operand (a row) is in its second operand (a
relation)
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UNIQUE

0 UNI QUE returns true if no row appears twice in the answer to a
subquery

0 UNI QUE of an empty set returnsRUE
0O Not supported by postgresql
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Set-Comparison Operators

0 Existential qualifiers
0 op ANY andop ALL, whereop is one of:

< <= =0, >=, >

0 Q22. Find sailors whose rating is better than some sailofezhl
Horatio
SELECT s.sid

FROM Sailors S
VWHERE S.rating > ANY (SELECT S2.rating
FROM Sai |l ors S2
WHERE S2.sname = 'Horatio')

Example

0 Q9. Find the names of sailors who have reserved all boats

SELECT S. snane

FROM Sailors S

VWHERE NOT EXI STS ((SELECT B. bi d FROM Boats B)
EXCEPT
(SELECT R bid FROM Reserves R
WHERE R.sid = S.sid))

0 We compute the set of all boats, then we remove:
0O For each sailor S, the set of boats reserved by S

0 And for each sailor, we check that this result is empty (tbathe
set of boats minus the set of boats reserved by S is empty)
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Set-Comparison Operators...

0 Q24. Find the sailors with the highest rating:

SELECT s.sid

FROM Sai lors S

VWHERE S.rating >= ALL (SELECT S2.rating
FROM Sai | ors S2)
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Aggregate Operators

[0 Sometimes we need to compute some a value that depends on

multiple rows

SQL extends relational algebra with 5 aggregate operatibas
can be applied to any column, say A:

0 COUNT ([ DI STI NCT] A) : Returns the number of
(unique) values of the A column

0 SUM ([ DI STI NCT] A) : Returns the sum of all (unique)
values of the A column

O AVG ([ DI STI NCT] A) : Returns the average of all
(unique) values of the A column

0 MAX (A) : Returns the maximum value of the A column

0O M N (A) : Returns the maximum value of the A column
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Aggregation Example

0 Q27.Find the name and age of the oldest sailor

SELECT S. snane, S. age

FROM Sailors S

VWHERE S. age = (SELECT MAX (S2. Age)
FROM Sai | ors S2)

O In this case, the result of the subquery is a relation of onearad

one column, the DBMS translates it into a value

0 The following query would be illegal:

SELECT S. sname, MAX(S. age)
FROM Sailors S

0O If a SELECT uses aggregation, it must usely aggregate
operations (unless the query contaROUP BY)
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GROUP BY and HAVI NG

0 Sometimes we need to aggregate subsets of the relation

0 Example:Q31. Find the age of the youngest sailor for each
rating level

O Instead of writing one query for each rating (rather tediand

error prone) we can useROUP BY

SELECT S.rating, MN (S. age)
FROM Sailors S
GROUP BY S.rating
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Aggregation Example

0O The following query counts the number of rows in the table
0 Q28 Count the number of sailors

SELECT COUNT(*) as Tot al
FROM Sailors S

0 Q28 Count the number of different sailor names

SELECT COUNT( DI STI NCT snanme) as Tot al
FROM Sailors S
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GROUP BY

O General format:

SELECT [ DI STI NCT] sel ect-1ist
FROM from|i st

VWHERE qual i fication

GROUP BY groupi ng-1i st

HAVI NG gr oup-qualification

select-list columns and aggregate operatioBsery columnin
the select-list should also appear in the grouping list.

The expressions in thgroup-qualification in the HAVI NG must
have asinglevalue per group:

0 A column here must appear as the argument to the
aggregation operator
O or it must also appear in thigouping-list

0O If GROUP BY is omitted, the table is considered a single group.
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Semantics ofGROUP BY, HAVI NGquery

1. First step, create cross-product of tables

2. Apply qualification oMHERE

w

Eliminate unnecessary columns (keep those columns omeati

in theSELECT, GROUP BY andHAVI NG)

N g &
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Sort the table according to t&&ROUP BY

Apply the group qualification in the having clause

Apply the aggregation and tI8EL ECT and generate one row
Optional: IfSELECT DI STI NCT then remove duplicates
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Semantics ofGROUP BY, HAVI NG...

1 First step, create cross-product of tables. Because orly on
relation is involved, then return original relation

[ sid | sname | rating |

age |

22
29
31
32
58
64
71
74
85
95

Dustin
Brutus
Lubber
Andy
Rusty
Horatio
Zorba
Horatio
Art
Bob

7
1
8
8
10
7
10
9
3
3

45
33
55.5
255
35
35
16
35
255
63.5
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Semantics ofGROUP BY, HAVI NG...

0 Q32Find the age of the youngest sailor who is eligible to vote (at
least 18 years old) for each rating level with at least 2 ssilo

SELECT S.rating, MN (S.age) AS M nAge

FROM Sai lors S
WHERE S. age >= 18
GROUP BY S.rating
HAVI NG COUNT(*) > 1

5-34 SQL (1.1.2)

Semantics ofGROUP BY,

2 Apply qualification oMHERE:

VWHERE S. age >= 18
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HAVI NG...

[ sid | sname | rating |

age |

22
29
31
32
58
64
74
85
95

Dustin
Brutus
Lubber
Andy
Rusty
Horatio
Horatio
Art
Bob

7
1

W wWwO~NE W

45
33
55.5
255
35
35
35
255
63.5
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Semantics ofGROUP BY, HAVI NG...

3 Eliminate unnecessary columns (keep those columns metion
in the SELECT, CGROUP BY andHAVI NG): rating, age

| rating [ age |
7 25
1 33
8 55.5
8 25.5
10 | 35
7 35
9 35
3 25.5
3 63.5
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Semantics ofGROUP BY, HAVI NG...

5 Apply the group qualification in the having clause
HAVI NG COUNT(*) > 1

| rating [ age |
3 255
3 63.5
7 45
7 35
8 55.5
8 25.5

0 Note thatAHERE happensefore HAVI NG
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Semantics ofGROUP BY, HAVI NG...

4 Sort the table according to titgROUP BY
GROUP BY S.rating

_rating | age |
33
255
63.5
45

35
55.5
255
35

35

P OO ~N~NWWER

o
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Semantics ofGROUP BY, HAVI NG...

6 Apply the aggregation and tIf®EL ECT and generate one row:
SELECT S.rating, MN (S. age)

0 This is the result for this query

[ rating [ minage |

3 255
7 35
8 255

7 Optional: If SELECT DI STI NCT then remove duplicates
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Another example

SELECT DI STINCT M N (S. age) AS M nAge
FROM Sailors S

WHERE S. age >= 18

GROUP BY S.rating

HAVI NG COUNT(*) > 1

255
35
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More aggregate queries...

0 This query is illegal:

SELECT B. bid, COUNT(*) AS reservationcount
FROM Boats B, Reserves R

WHERE R bid = B.bid

GROUP BY B.bhid

HAVI NG B. color = '"red’

O only columns that appear in theGROUP BY can appear in
the HAVI NGclause

O Unless they appear as arguments to an aggregate in the
HAVI NGclause
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More aggregate queries

0 Q33. For each red boat, find the number of reservations far thi

boat

SELECT B. bid, COUNT(*) AS reservationcount
FROM Boats B, Reserves R

WHERE R bid = B.bid AND B.color = "red’
GROUP BY B. bhid

[ bid | reservationcount]

102 | 3
104 | 2
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NULL values

0O RemembeMNULL means a value isnknown
0 What happens when we compare a value agdlosL ?

0 Theresult of<, <=,=, <>, >=,> isNULL if one operand
is NULL

0 Totestif avalue is (not) null useS NULL (1 S NOT
NULL)

O Arithmetic operations returNULL if one of their arguments is
NULL
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Boolean operations with NULL More on NULL

[0 Boolean operations have to be extended to supparh&nown 0 Aggregate operations discarlLL values
value (a value thatS NULL) O In this case, thé&lULL values should be discarded first
In the followi bl b K O If they are applied only ttN\ULL values, the result iSULL
0O In the following tablea can be unknown (with the exception 0EOUNT)
AND TRUE FALSE UNKNOVWN
TRUE TRUE FALSE UNKNOWN 0 |mpact oNVWHERE:
FALSE FALSE FALSE FALSE . . L
UNKNOWN | UNKNOWN | FALSE UNKNOWN 0 Any row that is NULL is also eliminated (row does not
evaluate to TRUE)
OR TRUE FALSE UNKNOVN O This has impact ifEXI STS
TRUE TRUE TRUE TRUE
FALSE TRUE FALSE UNKNOMN 0 Du p licates:
UNKNOWN | TRUE UNKNOWN | UNKNOWN ' . o ) )
[0 Two rows are identical if their corresponding columns are
NOT TRUE FALSE UNKNOWN equa| or are NULL
FALSE TRUE UNKNOWN

[0 This definition avoids the problem of compariNgLL vs.
NULL (what is the result?)
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Outer Joins Variations of Outer Joins

0 Outer Join: A variant of the join operation that relies oL L 0 Left outer join of S and R shows every single S row, filling the
values unmatched rows witiNULL

0 Example:Sailos <. Reserves 0 Right outer join of S and R shows every single R row, filling the

O Tuples in Sailors that do not match a row in Reserves do not unmatched rows witiNULL
appear in the result 0 Full outer join of S and R shows every single S and R row,

O In an outer join, Sailors rows without a matching Reserves ro filling the unmatched rows withiULL

appear exactly once in the result, with the columns from Rese
assignedNUL L values
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Example

O Natural Join

SELECT s.sid, R bid
FROM Sail ors S NATURAL JO N Reserves R

O Left Outer Join

SELECT s.sid, R bid

FROM Sai |l ors S NATURAL LEFT QUTER JO N Reserves R
0 Right Outer Join

SELECT s.sid, R bid

FROM Sail ors S NATURAL RI GHT QUTER JO N Reserves R

O Full Outer Join

SELECT s.sid, R bid
FROM Sai l ors S NATURAL FULL QUTER JO N Reserves R
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Complex Integrity Constraints

0 We have learn how to specify constraints on the keys of a table

But what about a constraint on the values that a given row in a
table can take?

For that we uséable constraints

Example: we want to restrict a rating to values between 1 @&nd 1

CREATE TABLE Sailors (sid | NTEGER,
sname CHAR(10),
rating | NTECER,
age REAL,
PRI MARY KEY (sid),
CHECK (rating >= 1 AND rating <= 10))
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Example...

0 Results of previous queries

[sid T bd ] [ sid T bid ]
22 101 22 101
. 22 102 . 22 102
[sid [ bid ] 22 | 103 [sid T bid ] 22 | 103
22 101 22 104 22 101 22 104
22 102 29 22 102 29
22 103 31 102 22 103 31 102
22 104 31 103 22 104 31 103
31 102 31 104 31 102 31 104
31 103 32 31 103 32
31 104 58 31 104 58
64 101 64 101 64 101 64 101
64 102 64 102 64 102 64 102
74 103 71 74 103 71
74 103 74 103
85 85
95 95
Natural Join Left Outer Join Right Outer Join Full Outer Join
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A more complex example

O We want to constraint that tHaterlakeboats cannot be reserved:
create tabl e Reserves (

sid | NTEGER,
bi d | NTEGER,
day DATE,

PRI MARY KEY (sid, bid, day),
FOREI GN KEY (sid) REFERENCES Sail ors
ON DELETE CASCADE,
FOREI GN KEY (bi d) REFERENCES Boat s
ON DELETE CASCADE,
CONSTRAI NT nol nterl akeRes
CHECK (' Interlake’ <> (SELECT B. Bnane
FROM Boats B
WHERE B. bi d = Reserves. bid)))

0 Unfortunately postgresql does not support subqueriesein th
CHECK expression
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CHECK

0 The condition of the check has to be a valid expression etrafya
to a boolean result.

0 Every time a row is inserted o modified, tBEIECK expression is
evaluated.
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CREATE TYPE

0 SQL:1999 introduces the notion dfstinct types

CREATE DOMAI N ratingval | NTEGER DEFAULT 1
CHECK (VALUE >= 1 AND VALUE <= 10)

CREATE DOMAI N count erval | NTEGER DEFAULT 1
CHECK (VALUE >= 0)

0 These statements create two new typasngval andcounterval
0O Not supported by postgresql

0 Now we cannot combine integers with variables of these types
integer,ratingval andcountervalare treated as totally different
and incompatible types between each other.
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You can create your own domains/types

CREATE DQOVAI N

CREATE DOMAI N ratingval | NTEGER DEFAULT 1
CHECK (VALUE >= 1 AND VALUE <= 10)

CREATE DOMAI N count erval | NTEGER DEFAULT 1
CHECK (VALUE >= 0)

0O Not supported by postgresql
00 Once defined, you use it as any other type CREATE TABLE:

rating ratingval,

Internally, theDOVAI N behaves just like the underlying type used
to define it, ie. we can comparatingval andcounterval

variables (they are just integers)

Ideally, we would like to get an error when we compare two
different domain variables.
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