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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

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

| 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 M.ozar.t Mu51.c 40000
from instructor 22229 Emstf:m Pl-lysws 95000
group by dept_name 32343 | EIl Said Hlstgry 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 | ID ‘ name | dept_name ‘ salary |
select dept_name,avg(salary) 10101 | Srinivasan | Comp. Sci. | 65000
from instructor 12121 | Wu Finance 90000
group by dept_name 15151 | Mozart Music 40000
having max(salary) > 80000 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 | ID ‘ name | dept_name ‘ salary |
select dept_name,avg(salary) 10101 | Srinivasan | Comp. Sci. | 65000
from instructor 12121 | Wu Finance 90000
group by dept_name 15151 | Mozart Music 40000
having max(salary) > 80000 22222 | Einstein Physics 95000
L ) 32343 | El Said History 60000
m Condition is evaluated with respect to 33456 Gold Ph)’SiCS 87000
groups 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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Null Values

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 gui i ession involving null is null
Example: {5 + null returns null

The predicate is null can be used to check for null values.
Stecs sum

Example: Find all instructors whose salary is null.

select name ﬁ |
from instructor t O\Sh‘ldd"\
where salary is null n

The predicate is not null succeeds if the value on which it is applied is

not null. gﬂ I 7 -
V
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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

=  Find courses offered in Fall 2017 and in Spring 2018

select distinct course_id
from section
where semester = 'Fall' and year= 2017 and
course_id in (select course_id
from section
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);
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Set Membership (Cont.)

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

select distinct name
from instructor
where name not in ('Mozart', 'Einsteiﬂ

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 teacmes =
where teaches.ID= 10101);

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

select distinct T.name
from instructor as T, instructor as S
where T.salary > S.salary and S.dept name = 'Biology’;

Same query using > some clause

select name
from instructor,

where salary, @

elect salary
from instructor
where dept name = 'Biology');

Database System Concepts - 7" Edition

3.40
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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
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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 elect salary
rom instructor

where dept name = 'Biology');
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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
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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
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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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Joins in SQL

m Join — cartesian product combined with selection “_B Q?‘S )
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Joins in SQL

m Join — cartesian product combined with selection

m Three specific types of join

m Natural join Lm Nan- “l,,m“ LM ¢1M4,-W,~l-.

m Outer join

m Inner join
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Joined Relations

= Join operations take two relations and return as a
result another relation.

= A join operation is a Cartesian product which requires
that tuples in the two relations match (under some
condition). It also specifies the attributes that are
present in the result of the join

= The join operations are typically used as subquery
expressions in the from clause

= Three types of joins:
Natural join
Inner join
Outer join
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Natural Join in SQL

= Natural join matches tuples with the same values for all
common attributes, and retains only one copy of each
common column.

= List the names of instructors along with the course ID of
the courses that they taught

select name, course_id 0_ SHK u‘)
rom students, takes
1 where student.ID = takes.ID; J Shdet D= w" ()
= Same query in SQL with “natural join” construct

select name, course_id
from student natural join takes;
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Natural Join in SQL (Cont.)

= The from clause in can have multiple relations combined
using natural join:

select A, A, ... A,
from r, natural join r, natural join .. natural joinr,
where P;
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Student Relation

{ ID name dept_name |tot_cred
Zhang Comp. Sci. | 102
12345 Shankar Comp. Sci. 32
19991 | Brandt History 80
23121 | Chavez Finance 110
44553 | Peltier Physics 56
45678 | Levy Physics 46
54321 Williams | Comp. Sci. 54
55739 | Sanchez Music 38
70557 | Snow Physics 0
76543 | Brown Comp. Sci. 58
76653 | Aoi Elec. Eng. 60
98765 Bourikas Elec. Eng. 98
98988 | Tanaka Biology 120

Database System Concepts - 7" Edition

4.6
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Takes Relation

/' course_id sec_id | semester | year | grade

0012] CS-101 1 Fall 2017 A

8 | CS-347 1 Fall 2017 A-
12345 | CS-101 1 Fall 2017 ¢
12345 | CS-190 2 Spring 2017 A
12345 | CS-315 1 Spring 2018 A
12345 | CS-347 1 Fall 2017 A
19991 | HIS-351 1 Spring 2018 B
23121 | FIN-201 1 Spring 2018 C+
44553 | PHY-101 1 Fall 2017 B-
45678 | CS-101 1 Fall 2017 F
45678 | CS-101 1 Spring 2018 B+
45678 | CS-319 1 Spring 2018 B
54321 | CS-101 1 Fall 2017 A-
54321 | CS-190 2 Spring 2017 B+
55739 | MU-199 1 Spring 2018 A-
76543 | CS-101 1 Fall 2017 A
76543 | CS-319 2 Spring 2018 A
76653 | EE-181 1 Spring 2017 @
98765 | CS-101 1 Fall 2017 C-
98765 | CS-315 1 Spring 2018 B
98988 | BIO-101 1 Summer | 2017 A
98988 | BIO-301 1 Summer | 2018 null

Database System Concepts - 7" Edition 47
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student natural join takes

name | dept_name |tot_cred | course_id | sec_id | semester | year |grade
hang | Comp. Sci.| 102 | CS-101 1 Fall 2017 A
hang | Comp. Sci.| 102 | CS-347 1 Fall 2017 | A-
hankar | Comp. Sci. 32 | CS-101 1 Fall 2017 C
Bhankar [ Comp. Sci. 32 | CS-190 2 Spring | 2017 | A
m Bhankar | Comp. Sci.| 32 [ CS315 1 [Spring [2018] A
hankar | Comp. Sci. 32 | CS-347 1 Fall 2017 A
19991 | Brandt | History 80 | HIS-351 1 Spring | 2018 B
23121 | §havez | Finance 110 | FIN-201 1 Spring | 2018 | C+
‘1 44553 | Beltier | Physics 56 | PHY-101| 1 Fall 2017 ] B-
45678 | Revy Physics 46 | CS-101 1 Fall 2017 | F
45678 | vy Physics 46 | CS-101 1 Spring | 2018 | B+
g 45678 | vy Physics 46 [ CS-319 1 Spring [ 2018 | B
54321 illiams | Comp. Sci. 54 | CS-101 1 Fall 2017 | A-
54321 | Williams [ Comp. Sci. 54 | CS-190 2 Spring | 2017 [ B+
55739 nchez | Music 38 | MU-199 1 Spring | 2018 | A-
76543 | Bown | Comp. Sci. 58 | CS-101 1 Fall 2017 A
76543 | BRown | Comp. Sci. 58 | CS-319 2 Spring [ 2018 | A
76653 | Abi Elec. Eng. 60 | EE-181 1 Spring | 2017 | C
98765 | BRurikas | Elec. Eng. 98 | CS-101 1 Fall 2017] C-
98765 | Burikas | Elec. Eng. 98 | CS315 1 Spring [ 2018 B
98988 | Tghaka | Biology 120 | BIO-101 1 Summer | 2017 | A
98988 | Thnaka | Biology 120 BIO-301 1 Summer | 2018 | null
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Dangerous in Natural Join

= Beware of unrelated attributes with same name which get
equated incorrectly

= Example -- List the names of students instructors along with
the titles of courses that they have taken

Correct version

select name,_litle
om@tudent natural '|oin takeg course
ere takes.course_id = course.course_id,

ct name, title
student natural join fakes natural join course;

€ query omits all (student name, course title) pairs where
the student takes a course in a department other than the
student's own department.

= The correct version (above), correctly outputs such pairs.
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Outer Join

= An extension of the join operation that avoids loss of
information.

= Computes the join and then adds tuples form one relation
that does not match tuples in the other relation to the result
of the join.

= Uses null values.

= Three forms of outer join:
left outer join
right outer join
full outer join

Database System Concepts - 7" Edition 413 ©¢Silberschatz, Horth ard Sucarshan



Outer Join Examples

= Relation course

|course_id| title | dept_name I credits|
BIO-301 | Genetics Biology 4
Coa Game Design| Comp. Sci. 4
CS-315) | Robotics Comp. Sci. 3

lation prereq /

Y
. ) course_id prereq_id
. BIO-301 | BIO-101

2190 [ CS-101
(S-347 Y| CS-101
= Observe that q )

course information is missin.g for CS-437
prereq information is missing for CS-315
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Left Outer Join

= course natural left outer join prereq

course_id title dept_name | credits | prereq_id

BIO-301 | Genetics Biology 4 BIO-101
CS-190 | Game Design | Comp. Sci.

4 1
CS-315 | Robotics Comp. Sci.| 3 (null))

S —
= |n relational algebra: courrereq

Database System Concepts - 7" Edition 4.15
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Right Outer Join

course natural right outer join prereq

course_id | title Idept_name | credits | prereq_id
BIO-301 | Genetics Biology 4 BIO-101
CS-190 | Game Design| Comp. Sci.| 4 CS-101
CS-347 | null null null | CS-101

In relational algebra: course P prereq

<
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Full Outer Join

= course natural full outer join prereq

course_id title dept_name | credits | prereq_id

BIO-301 | Genetics Biology 4 BIO-101

CS-190 | Game Design| Comp. Sci.| 4 CS-101

CS-315 |Robotics  |Comp. Sci.| 3 |null  =t= lokr
CS-347 | null null null

= |n relational algebra:

Database System Concepts - 7" Edition

course > prereq

2

4.17
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Joined Types and Conditions

= Join operations take two relations and return as a result
another relation.

= These additional operations are typically used as subquery
expressions in the from clause

= Join condition — defines which tuples in the two relations
match, and what attributes are present in the result of the join.

= Join type — defines how tuples in each relation that do not
match any tuple in the other relation (based on the join
condition) are treated.

Join types Join conditions

inner join natural

left outer join on <predicate>

right outer join using (A4, 4y, ..., 4,)
full outer join
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Joined Relations — Examples

= course natural right outer join prereq

course_id title dept_name | credits | prereq_id
BIO-301 | Genetics Biology 4 BIO-101
CS-190 | Game Design | Comp. Sci.| 4 CS-101
CS-347 | nuil null null | CS-101

= course full outer join prereq using (course_id)

course_id title dept_name | credits | prereq_id

BIO-301 | Genetics Biology 4 BIO-101
CS-190 | Game Design| Comp. Sci.| 4 CS-101
CS-315 | Robotics Comp. Sci.| 3 null
CS-347 | null null null | CS-101
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Joined Relations — Examples

= course inner join prereq on
course.course_id = prereq.course_id

course_id title dept_name | credits | preveq_id | course_id
BIO-301 | Genetics Biology 4 BIO-101 | BIO-301
CS-190 | Game Design | Comp. Sci.| 4 CS-101 | CS-190

= What is the difference between the above, and a natural
join?

= course left outer join prereq on
course.course_id = prereq.course_id

course_id title dept_name | credits | prereq_id | course_id
BIO-301 | Genetics Biology 4 BIO-101 | BIO-301
CS-190 | Game Design | Comp. Sci.| 4 CS-101 | CS-190
CS-315 | Robotics Comp. Sci.| 3 null null
Database System Concepts - 7" Edition 4.20
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I: Joined Relations — Examples

= course natural right outer join prereq

course_id title dept_name | credits | preveq_id
BIO-301 | Genetics Biology 4 BIO-101
CS-190 | Game Design | Comp. Sci.| 4 CS-101
CS-347 | null null nufl | CS-101

course full outer join prereq using (course_id)

course_id title dept_name | credits | prereq_id

BIO-301 | Genetics Biology 4 BIO-101
CS-190 | Game Design | Comp. Sci.| 4 CS-101
(CS-315 | Robotics Comp. Sci.| 3 null
CS-347 | nudl null null | CS-101

Database System Concepts - 7" Edition 4.1 ©Filberschatz,¥orth ard Sucarshan



Views in SQL

m Views are virtual tables fr &— U~C '7
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Views in SQL

m Views are virtual tables

m Hide sensitive information from some users — hide salary

select ID, name, dept_name
from instructor
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Views in SQL

m Views are virtual tables

m Hide sensitive information from some users — hide salary

select ID, name, dept_name
from instructor
m Create convenient “intermediate tables”

select instructor.name, course.title
from instructor,course natural join teaches
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View Definition and Use

= A view of instructors without their salary

create view facultp M ( 1D ) Nbe, J""Ju)
elect ID, name, dept nu

from instructor

uctors in the Biol department

selecj L1 2 e‘-'\)(d Wen '\h«.{_

wheré ame = 'Biology'

= Create a view of department salary totals

create view departments_total_salary(dept_name, total_salary) as
select dept_name, sum (salary)
from instructor
group by dept_name;
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Views Defined Using Other Views

= One view may be used in the expression defining another
view

= A view relation v, is said to depend directly on a view
relation v, if v, is used in the expression defining v,

= A view relation v, is said to depend on view relation v, if
either v, depends directly to v, or there is a path of
dependencies from v, to v,

= Aview relation v is said to be recursive if it depends on
itself.
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Views Defined Using Other Views

= create view physics_fall_2017 as
select course.course_id, sec_id, building, room_number
from course, section
where course.course_id = section.course_id
and course.dept_name = 'Physics'
and section.semester = 'Fall'
and section.year ="'2017";

= create view physics_fall_2017_watson as
select course_id, room_number
from physics_fall_2017
where building= 'Watson';
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View Expansion

= Expand the view :

create view physics_fall 2017 _watson as
select course_id, room_number
from physics_fall_2017
where building= "Watson'
= To:
create view physics_fall_2017_watson as
select course_id, room_number
from (select course.course_id, building, room_number
from course, section
where course.course_id = section.course_id
and course.dept_name = 'Physics'
and section.semester = 'Fall'
and section.year ="'2017")
where building= "Watson';
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View Expansion (Cont.)

= A way to define the meaning of views defined in terms of other
views.

= Letview v, be defined by an expression e, that may itself
contain uses of view relations.

= View expansion of an expression repeats the following
replacement step:

repeat

Find any view relation v;in e,

Replace the view relation v; by the expression defining v;
until no more view relations are presentin e,

= As long as the view definitions are not recursive, this loop will
terminate
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Materialized Views

= (Certain database systems allow view relations to be
physically stored.

Physical copy created when the view is defined.
Such views are called Materialized view:

= |f relations used in the query are updated, the
materialized vi It becomes out of date

Need 0 maintain the view, by updating the view
whenewgr the undgflying relations are updated.
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Update of a View

= Add a new tuple to faculty view which we defined earlier
insert into faculty
values ('30765', 'Green', 'Music');

= This insertion must be represented by the insertion into the
instructor relation

Must have a value for salary.
= Two approaches
Reject the insert
Inset the tuple
('30765', 'Green', 'Music', null)
into the instructor relation
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. Some Updates Cannot be Translated Uniquely

= create view instructor_info as
select ID, name, building
from instructor, department
where instructor.dept_name= department.dept_name;

= insert into instructor_info
values ('69987', 'White', "Taylor");
= [ssues
Which department, if multiple departments in Taylor?
What if no departmentis in Taylor?
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And Some Not at All

= create view history_instructors as
select *
from instructor
where dept_name= 'History",

= What happens if we insert
('25566', 'Brown', 'Biology', 100000)
into history_instructors?
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View Updates in SQL

= Most SQL implementations allow updates only on simple
views

The from clause has only one database relation.

The select clause contains only attribute names of the
relation, and does not have any expressions, aggregates,
or distinct specification.

Any attribute not listed in the select clause can be set to
null

The query does not have a group by or having clause.
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