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Queries in SQL — aggregate operations

m Extract the average value in a column

select avg(salary) | ID ‘ name | dept_name ‘ salary |
from instructor 10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Queries in SQL — aggregate operations

m Extract the average value in a column

select avg(salary) | ID ‘ name | dept_name ‘ salary |

from instructor 10101 | Srinivasan | Comp. Sci. | 65000

m Other functions 12121 | Wu Finance 90000
15151 | Mozart Music 40000

" count 22222 | Einstein | Physics 95000

m sum 32343 | El Said History 60000

m min 33456 | Gold Physics 87000
- 45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000

76543 | Singh Finance 80000

76766 | Crick Biology 72000

83821 | Brandt Comp. Sci. | 92000

98345 | Kim Elec. Eng. 80000
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Queries in SQL — aggregate operations

m Extract the average value in a column

select avg(salary) | ID ‘ name | dept_name ‘ salary |
from instructor 10101 | Srinivasan | Comp. Sci. | 65000
m Other functions 12121 | Wu Finance 90000
15151 | Mozart Music 40000
" count 22222 | Einstein | Physics 95000
m sum 32343 | El Said History 60000
m min 33456 | Gold Physics 87000
- 45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
select count(distinct dept_name) 76543 | Singh Finance 80000
from instructor 76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Queries in SQL — grouping

m Extract the average value in each
department

m Group rows by department name

m Report average in each group of rows

select dept_name,avg(salary)
from instructor
group by dept_name

Madhavan Mukund

| ID ‘name | dept_name ‘sahm/|
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Queries in SQL — grouping

m Extract the average value in each
department

| ID ‘ name | dept_name ‘ salary |

= Group rows by department name 10101 | Srinivasan | Comp. Sci. | 65000

m Report average in each group of rows 12121 | Wu Finance 90000
select dept_name,avg(salary) 15151 Mozar.t MUSi_C 40000
from instructor 22229 Emstf:m Pl-lysws 95000
roup bv dept name 32343 | EIl Said History 60000
group by cept- 33456 | Gold Physics 87000

m Attributes in select must appear in 45565 | Katz Comp. Sci. | 75000
group by 58583 | Califieri History 62000
. 76543 | Singh Finance 80000

m Should be the same across the entire 76766 | Crick Biology 72000
group 83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Queries in SQL — filtering groups

m Use having to specify a condtion on
groups

select dept_name,avg(salary)
from instructor
group by dept_name
having max(salary) > 80000
———

—

Like  doane
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| ID ‘name | dept_name ‘sahm/|
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Queries in SQL — filtering groups

m Use having to specify a condtion on
groups

select dept_name,avg(salary)
from instructor
group by dept_name
having max(salary) > 80000

m Condition is evaluated with respect to
groups
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| ID ‘ name | dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Nested queries

m Relation in from can be output of
another query

m Average salary of instructors with
salary above 70,000

Voo | Teomdn, (*ﬂ
o (e 5
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| ID ‘ name dept_name ‘ salary
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Nested queries

m Relation in from can be output of
another query
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| ID ‘ name | dept_name ‘ salary |
m Average salary of instructors with 10101 | Srinivasan | Comp. Sci. | 65000
salary above 70,000 12121 | Wu Finance | 90000
6 (7‘) 15151 | Mozart Music 40000
‘“(ﬂ) ~ 5 22222 | Einstein | Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
T (v (Vﬂjo() X o ( |T) 45565 | Katz Comp. Sci. | 75000
V- Aust - Vi Lvier 58583 | Califieri | History 62000
- 76543 | Singh Finance 80000
IT. npwm Chomwra >$u 76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. | 80000
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Nested queries

m Relation in from can be output of
another query

| ID ‘ name | dept_name ‘ salary |
[ A\;eragebsalary of instructors with OO T~Srinivasan—Comp—Scr 00
salary above 70,000 12121 | Wu Finance | 90000
15151 Mo watmet=IvATTSTC <00400)
22222 | Einstein Physics 95000
32343 | El Said- HHSTOTY ©0e80
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
585 Califier Histozy 200
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Nested queries

m Relation in from can be output of

another query

| ID ‘ name | dept_name ‘ salary |
m Average salary of instructors with 10101 | Srinivasan | Comp. Sci. | 65000
salary above 70,000 12121 | Wu Finance | 90000
de (q- O—) 15151 | Mozart | Music 40000
Z 22222 | Einstein | Physics 95000
select avg(salary) 32343 | El Said History 60000
from |(select * 33456 | Gold Physics ' 87000
fzon ingtructor 9383 | Calferi | Hutory | 62000
alifieri istory
h 1 > 70000
where satary )| 76543 | singn Finance 80000
76766 | Crick Biology 72000
T (‘() 83821 | Brandt Comp. Sci. | 92000
CZ A c‘ 98345 | Kim Elec. Eng. 80000
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Nested queries

m Relation in from can be output of

another query

| ID ‘ name | dept_name ‘ salary |
" A\;eragebsaIargloogolgstructors with 10101 | Srinivasan | Comp. Sci. | 65000
sajary above [T, 12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
select avg(salary) 32343 | El Said History 60000
from (select 33456 | Gold Physics | 87000
fron instructor S2383 | Colieri | History - | 62000
aliferi 1story

h lary > 70000
where sgLaty )| 76543 | Singh Finance 80000
Sledr oWy (gbvj) 76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000

Lova mshidn

98345 | Kim Elec. Eng. | 80000

dhern sadony > Fovop
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Nested queries

m Relation in from can be output of

another query

m Average salary of instructors with

salary above 70,000

m MariaDB requires inner relation to be

named!

select avg(salary)
from (select *

Madhavan Mukund

from instructor
where salary > 70000)

as newtable

| ID ‘ name | dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Local definitions using with

m Use with for a local definition

Lt w=%

Iwn -~ —

dept_name building budget
Biology Watson 90000
Comp. Sci. | Taylor 100000
Elec. Eng. Taylor 85000
Finance Painter 120000
History Painter 50000
Music Packard 80000
Physics Watson 70000
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Local definitions using with

— owg-budgek

m Use with for a local definition

VAN

with avg_budgeg(value)  as dept_name building budget

(select avg(budget)
from department Biology Watson 90000
select dept_name Comp. Sci. | Taylor 100000
Elec. Eng. Taylor 85000
Finance Painter 120000
History Painter 50000
Music Packard 80000
Physics Watson 70000
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Null Values ?‘I*"“' Nowe

It is possible for tuples to have a null value, denoted by null, for some of
their attributes

null signifies an unknown value or that a value does not exist.
The result of any arithmetic expression involving null is null

Example: 5+ null returns null w Mj (&ba?)
The predicate is null can be used to check for null values.

Example: Find all instructors whose salary is null. 4()ym |V\S“’\/\.(Jm

select name
from instructor

where salary is null .
The predicate is not null succeeds if the value on which it is applied is M )
not null.
niv nvu,’)
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Null Values (Cont.)

= SQL treats as unknown the result of any comparison involving a null
value (other than predicates is null and is not null).

Example: 5 <null or null <>null or null =null

= The predicate in a where clause can involve Boolean operations (and,
or, not); thus the definitions of the Boolean operations need to be
extended to deal with the value unknown.

and : (frue and unknown) = unknown,
(false and unknown) = false,
(unknown and unknown) = unknown

or: (unknown or true) = true,
(unknown or false) = unknown
(unknown or unknown) = unknown

= Result of where clause predicate is treated as false if it evaluates to
unknown
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Set Membership
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Set Membership Rolshor ae sels
T, ae lisks

=  Find courses offered in Fall 2017 and in Spring 2018

select distinct course_id
from section
where semeste

all' and year= 2017 and male ol
select course_id = SMJ

from section f
where semester = 'Spring' and year= 2018);

= Find courses offered in Fall 2017 but not in Spring 2018

select distinct course_id
from section
where semester = 'Fall' and year= 2017 and
course_id not in (select course_id
from section
where semester = 'Spring' and year= 2018);

Database System Concepts - 7" Edition 3.37 ©Filberschatz,Korth ard Sucarshan



Set Membership (Cont.)

= Name all instructors whose name is neither “Mozart” nor Einstein”

select distinct name
from instructor
where name not in ('Mozart', 'Einstein’)

= Find the total number of (distinct) students who have taken course
sections taught by the instructor with /D 10101

select count (distinct /D)

from takes

where (course_id, sec_id, semester, year) in
(select course_id, sec_id, semester, year
from teaches
where teaches.ID= 10101);

= Note: Above query can be written in a much simpler manner.
The formulation above is simply to illustrate SQL features

Database System Concepts - 7" Edition 3.38 ©FSilberschatz, Horth ard Sucarshan



Set Comparison
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Set Comparison — “some” Clause

= Find names of instructors with salary greater than that of some (at least
one) instructor in the Biology department.

BDV\-“" M '0 select disting B
' . t S w‘,
OM T NAmy <>; where T.sala 5 salar;u:n(t)jr;sdept name = 'Biology’; b\clk > m

= Same query using > some clause

select name
from instructor
where salary > some (select salary
from instructor
where dept name = 'Biology');

Database System Concepts - 7" Edition 3.40 ©Filberschatz,¥orth ard Sucarshan



Definition of “some” Clause

= F <comp>some r< 3t e r such that (F <comp> t)
Where <comp>can be: <, <, >, = #

0
(5<some | 5 | )=true
? (read: 5 < some tuple in the relation)
10 |
(5<some | 5 | )="false
10 |
(5=some| 5 | )=true
0
(5#some | 5 | )=true (since 0 # 5)

(= some)=in
However, (= some) -f‘ not in

Database System Concepts - 7" Edition 341 ©Filberschatz,Korth ard Sucarshan



Set Comparison — “all” Clause

= Find the names of all instructors whose salary is greater than the salary of
all instructors in the Biology department.

select name
from instructor
where salary > all (select salary
from instructor
where dept name = 'Biology');

ite > Biogy) gl (st € Bby)
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Definition of “all” Clause

= F<comp>allr< Viter (F<comp> i)

0]
(5<all i ) = false
16
6]
(5<all | 10| )=true
4]
(5=all 15| ) = false
4]
(5#all|_6 | )=true (since 5+ 4 and 5 # 6)
(#all)=notin
However, (= all) £Zin
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Test for Empty Relations

The exists construct returns the value true if the argument subquery is
nonempty.

= exists reo rz2@

" npotexistsro r=0@
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Use of “exists” Clause

= Yet another way of specifying the query “Find all courses taught in both the
Fall 2017 semester and in the Spring 2018 semester”

select course_id
from section as S
where semester = 'Fall' and year = 2017 and
exists (select *
from sectionas T
where semester = 'Spring' and year= 2018
and S.course_id = T.course_id);

= Correlation name — variable S in the outer query
= Correlated subquery — the inner query

Database System Concepts - 7" Edition 3.45 ©FSilberschatz, Horth ard Sucarshan



Use of “not exists” Clause

= Find all students who have taken all courses offered in the Biology
department.

select distinct S./D, S.name
from student as S
where not exists ( (select course_id
from course
where dept_name = 'Biology')
except
(select T.course_id
from takesas T
where S.ID = T.ID));

First nested query lists all courses offered in Biology

Second nested query lists all courses a particular student took
= NotethatX-Y=0 < XcVY
= Note: Cannot write this query using = all and its variants

Database System Concepts - 7" Edition 3.46 ©FSilberschatz, Horth ard Sucarshan



Test for Absence of Duplicate Tuples

= The unique construct tests whether a subquery has any duplicate tuples
in its result.

= The unique construct evaluates to “true” if a given subquery contains no
duplicates .

= Find all courses that were offered at most once in 2017

select T.course_id
from courseas T
where unique ( select R.course_id
from section as R
where T.course_id= R.course_id
and R.year = 2017);
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