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Data definition in SQL

m create table tablename
(columnl typel,

| ID ‘ name | dept_name ‘ salary |
column2 type2,
o 10101 | Srinivasan | Comp. Sci. | 65000
columnk typek) 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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Data definition in SQL

Instrclor

m create table tablename
(columnl typel,
column2 type2,

columnk typek)
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create table/@:uctor

(ID char(b),

name char(20),
dept_name char(20),
salary real

) L “‘F[OM.(
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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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Data definition in SQL

m Variety of datatypes

| 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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Data definition in SQL

m Variety of datatypes

m varchar(n) — varying length
character string with upper bound

m numeric(p,d) — fixed precision

float, p digits, d after decimal point

create table instructor
(ID varchar(5),
name varchar(20),
dept_name varchar(20),
salary numeric(8,2)

)
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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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Data definition in SQL

m Add constraints on values

| 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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Data definition in SQL

t ‘
m Add constraints onws/—- NOVlC.

m Force non-null name

® Minimum amount for salary

create table instructor

(ID varchar(s) , |M’P""‘Hﬂ

name varchar(20) not null,
dept_name varchar(20),
salary numeric(8,2)

check (salary > 29008&

) b

Madhavan Mukund

\

| ID ‘ name dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
Q‘&‘D 15151 | Mozart Music 40000
wot | 22222 | Einstein Physics 95000
WM-I/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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Data definition in SQL

m Add information about keys

| 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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Data definition in SQL

m Add information about keys

m ID is a primary key | 1D ‘ name | dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000
create table instructor g}g ﬁgzart ﬁﬂ:\;::ce 38888
p(ID varchar(5), wphaly nébadl )0 | gdl Physics | 95000
name varchar(20) not null, 32343 | ElSaid | History 60000
dept_name varchar(20), 33456 | Gold Physics 87000
salary numeric(8,2) 45565 | Katz Comp. Sci. | 75000
check (salary > 29000), 58583 | Califieri History 62000
primary key (ID), 76543 | Singh Finance 80000
) 76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Data definition in SQL

m Add information about keys
m ID is a primary key

m dept name is a foreign key

create table instructor
(ID varchar(5),
name varchar(20) not null,
dept_name varchar(20),
salary numeric(8,2)
check (salary > 29000),

primary key (ID),
foreignikey (dept_name)

references

department (dept_name)

Madhavan Mukund

| 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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Data definition in SQL

create table section
(course_id varchar(8),

sec_id varchar (8 ) s coursedd | secid | semester | year || building | room_number | timeslot_id
semester varchar(6) BIO-101 1 Summer | 2017 | Painter 514 B
heck ( . BIO-301 1 Summer | 2018 | Painter 514 A
chec semester in Cs-101 1| Fa 2017 | Packard 101 H
(’Fall’,’Winter’,’Spring’,’Summer’)) ,| CS10l 1 | Spring | 2018 | Packard 101 F
. CS-190 1 Spring 2017 | Taylor 3128 E
year numeric(4,0) CS-190 2 | Spring | 2017 | Taylor 3128 A
check (year > 1701 and year < 2100), CS-315 1| Spring | 2018 | Watson 120 D
) . CS-319 1 Spring 2018 | Watson 100 B
building varchar(15), CS-319 2 | Spring | 2018 | Taylor 3128 c
room_number varchar(7), CS-347 1 | Fall 2017 | Taylor 3128 A
. - ) EE-181 1 Spring 2017 | Taylor 3128 c
time_slot_id varchar(4), FIN-201 1 | Spring | 2018 | Packard 101 B
primary key HIS-351 1 Spring 2018 | Painter 514 (8
! . MU-199 1 | Spring | 2018 | Packard 101 D
(course_id, sec_id, semester, year), PHY-101 | 1 | Fall 2017 | Watson 100 A
foreign key (course_id) .
references course (course_id) section

foreign key (building, room_number)
references
classroom (building, room_number)

)
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Data definition in SQL

create table teaches

(ID varchar(5), 1D course_id | sec.id | semester | year
course_id varchar(8), 10101 | Cs-101 Fall 2017
sec_id varchar(8), 10101 | CS-315 Spring 2018
semester varchar(6), 10101 | CS-347 Fall 2017

12121 | FIN-201
15151 | MU-199

Spring 2018

year numeric(4,0),
Spring 2018

primary key

, , 22222 | PHY-101 Fall 2017

(ID, course_id, sec_id, semester, year), 32343 | HIS-351 Spring 2018
foreign key 45565 | CS-101 Spring | 2018
(course_id, sec_id, semester, year) 45565 | CS-319 Spring 2018
references 76766 | BIO-101 Summer | 2017

Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017

section (course_id, sec_id, semester, year) 76766 | BIO-301
83821 | CS-190

foreign key (;D) 83821 | CS-190
references instructor (ID) 83821 | CS319
) 98345 | EE-181

U NG Y O YU UGG UGG U U

teaches
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Updating tables in SQL

m Add a row to a table

insert into instructor | 1D ‘ name | dept_name ‘ salary |

vatues(? }81017 ’Sisrfnlilgzgg; Z) ) 10101 | Srinivasan | Comp. Sci. | 65000
P met : 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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Updating tables in SQL

m Add a row to a table

insert into instructor | 1D ‘ name | dept_name ‘ salary |
Values(,}omp’ ’srfnn’/asan’; ) 10101 | Srinivasan | Comp. Sci. | 65000
Comp. Sci.”, 7650007); 12121 | Wu Finance | 90000
m Without needing to remember column 15151 | Mozart Music 40000
order 22222 | Einstein Physics 95000
. _ _ 32343 | El Said History 60000
nsert Anto anstructor 33456 | Gold Physics 87000
(name, id, salary, dept_name) 45565 | Katz Comp. Sci. | 75000
valnes = o | 58583 | Califieri | History 62000
("Wu”,7121217,7900007, Finance’) ;| goc43 | ginoh Finance | 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. | 80000
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Updating tables in SQL

m Add a row to a table

insert into instructor | 1D ‘ name | dept_name ‘ salary |
vatues 0;01010’ ’srfnlgsané ) 10101 | Srinivasan [ Comp. Sci. | 65000
Comp. Sei.”, LD00Rs 12121 | Wu Finance | 90000
m Without needing to remember column 15151 | Mozart Music 40000
order ID 22222 Emstf:m Pl-lysws 95000
) _ _ / 32343 | El Said History 60000
insert into Jogjguctor 33456 | Gold Physics 87000
(name" salary, dept_name) 45565 | Katz Comp. Sci. | 75000
valnes =T o | 58583 | Califieri | History 62000
("Wu?,7121217,7900007, "Finance’ )| 76643 | ingh Finance | 80000
m Note the quotation marks 76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Updating tables in SQL

m Delete all rows

Madhavan Mukund

delete from instructor | 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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Updating tables in SQL

m Delete all rows

delete from instructor | ID ‘ name | dept_name ‘ salary |
m Delete selected rows 10101 | Srinivasan | Comp. Sci. | 65000
delete from instructor 2l W Fnarice 20000
e , 15151 Mozart Music 40000
where name = ’Srinivasan
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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Updating tables in SQL

m Delete all rows

delete from instructor | ID ‘ name | dept_name ‘ salary |
m Delete selected rows 10101 | Srinivasan | Comp. Sci. | 65000
delete from instructor 2l bide EifTAtice 20000
e , 15151 Mozart Music 40000

where name = ’Srinivasan K R .

22222 | Einstein Physics 95000
delete from instructor 32343 | El Said History 60000
where dept = ’Physics’ Twe wws 33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
A‘SO an U?&akb WMM 76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
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Data definition in SQL

m Creating a database

m create database univdb
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Data definition in SQL

m Creating a database

m create database univdb

m Removing a database
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Data definition in SQL

m Creating a database

m create database univdb

m Removing a database

: ase wuvkb
m Removing a table

m drop table instructor

Rovde Yonw‘sscm b users
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Querying in SQL — Set comparisons

Recall these examples from relational
algebra.

m Find all faculty members from Physics
who earn more than at least one faculty
member from Comp.Sci.

m Find all faculty members from Physics
who earn more than every faculty
member from Comp.Sci.

Madhavan Mukund

| 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
instructor
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and

Set comparisons —

m Find all faculty members from Physics
who earn more than at least one faculty
member from Comp.Sci.

Quanhfers

3 sk
LA TS
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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
instructor
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Set comparisons — and

m Find all faculty members from Physics
who earn more than at least one faculty
member from Comp.Sci.

select name

rom instructor
where dept_name = ’Physics’

and salary > some (select salary

from instructor
where dept_name = ’Comp. Sci.’);
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and

Set comparisons —

m Find all faculty members from Physics
who earn more than at least one faculty
member from Comp.Sci.

m Find all faculty members from Physics
who earn more than every faculty
member from Comp.Sci.

Madhavan Mukund

| 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
instructor
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Set comparisons — and

m Find all faculty members from Physics
who earn more than at least one faculty
member from Comp.Sci.

m Find all faculty members from Physics
who earn more than every faculty
member from Comp.Sci.

select name
from instructor
where dept_name = ’Physics’
and salary >(all (select salary
from instructor
where dept_name = ’Comp. Sci.’);

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 7, 16 Oct 2025 12/19



Test if a relation is empty —

m Find all faculty members from Physics | ID ‘ name | dept_name ‘ salary |
who earn more than at least one faculty 10101 | Srinivasan | Comp. Sci. | 65000
member from Comp.Sci. 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
instructor
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Test if a relation is empty —

m Find all faculty members from Physics | ID ‘ name | dept_name ‘ salary |
who earn more than at least one faculty 10101 | Srinivasan | Comp. Sci. | 65000
member from Comp.Sci. 12121 | Wu Finance 90000

m For each faculty member from 15151 | Mozart Music 40000
Physics, check if the set of faculty 22222 | Einstein Physics 95000
members from Comp. Sci. who earn 32343 | El Said History 60000
less is non-empty 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
instructor
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Test if a relation is empty —

m Find all faculty members from Physics
who earn more than at least one faculty
member from Comp.Sci.

m For each faculty member from
Physics, check if the set of faculty
members from Comp. Sci. who earn
less is non-empty

select name
from instructor as(::)
where dept_name = ’Physics’
and exists (select salary
from instructor as
where dept_name = ’Comp. Sci.’
and I.salary > J.salary);

RDBMS-SQL, Lecture 7, 16 Oct 2025 13/19
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Test if a relation is empty —

m Find all faculty members from Physics | ID ‘ name | dept_name ‘ salary |
who earn more than every faculty 10101 | Srinivasan | Comp. Sci. | 65000
member from Comp.Sci. 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
instructor
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Test if a relation is empty —

m Find all faculty members from Physics | ID ‘ name | dept_name ‘ salary |
who earn more than every faculty 10101 | Srinivasan | Comp. Sci. | 65000
member from Comp.Sci. 12121 | Wu Finance 90000

m For each faculty member from Physics, 15151 Mozart Music 40000
check if the set of faculty members 22222 | Einstein Physics 95000
from Comp. Sci. who more is empty 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

instructor

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 7, 16 Oct 2025 14 /19



Test if a relation is empty —

m Find all faculty members from Physics
who earn more than every faculty

member from Comp.Sci.
m For each faculty member from Physics,
check if the set of faculty members
from Comp. Sci. who more is empty

select name
from instructor as I
where dept_name = ’Physics’
and (not exists (select salary
from instructor as J
where dept_name = ’Comp. Sci.’
and I.salary < J.salary);

14 /19
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Null Values

= |tis 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

= The predicate is null can be used to check for null values.
Example: Find all instructors whose salary is null.

select name
from instructor
where salary is null

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

Database System Concepts - 7t Edition 3.28 ©¢Silberschatz, Horth ard Sucarshan



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

Database System Concepts - 7t Edition 3.29 ©FSilberschatz, Horth ard Sucarshan



Joins in SQL

m Join — cartesian product combined with selection
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Joins in SQL

m Join — cartesian product combined with selection

m Three specific types of join
m Natural join
m Outer join

.

m Inner join

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 7, 16 Oct 2025 15/19



Natural join in SQL

m Match tuples with the same values for
all common attributes

m Retain only one copy of each common

column. D\A'll“h wl Yo "l

RDBMS-SQL, Lecture 7, 16 Oct 2025 16 /19
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Natural join in SQL

m Match tuples with the same values for
all common attributes

m Retain only one copy of each common
column.

<
m List the names of insteucters along with
the course ID of the courses that they

taught tofle
select name, course_id
from students, takes
where student.ID = takes.ID;

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 7, 16 Oct 2025 16 /19




Natural join in SQL

m Match tuples with the same values for m Same query in SQL with natural join
all common attributes select name, course_id

m Retain only one copy of each common from student natural join takes;

column.

m List the names of instructors along with
the course ID of the courses that they
taught
select name, course_id ) 1< WY w w“l—
from students, takes
where student.ID = takes.ID;
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Natural join in SQL

m Match tuples with the same values for m Same query in SQL with natural join
all common attributes select name, course_id

m Retain only one copy of each common from student natural join takes;

column. m Can join multiple relations at a time
m List the names of instructors along with select Al, A2, > Am
the course ID of the courses that they from ri1 natural join r2

natural join

taught
natural join rn

select name, course_id
from students, takes
where student.ID = takes.ID;

where P ;

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 7, 16 Oct 2025



Student Relation

D name dept_name |tot_cred
00128 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 - 7t Edition

4.6

©Filberschatz, #orth ard Suc'arshan



Takes Relation

D course_id sec_id | semester | year | grade
00128 | CS-101 1 Fall 2017 A
00128 | 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 Gr
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 C
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 - 7th Edition 4.7
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student natural join takes

D name | dept_name |tot_cred | course_id | sec_id | semester | year |grade

0 00128 | Zhang Comp. Sci.| 102 | CS-101 1 Fall 2017 | A
00128 | Zhang | Comp. Sci.| 102 | CS-347 1 Fall 2017 | A-

12345 [ Shankar | Comp. Sci. 32 | CS-101 1 Fall 2017 C

M 12345 | Shankar | Comp. Sci. 32 [ CS-190 2 Spring | 2017 | A
12345 | Shankar | Comp. Sci. 32 | CS-315 1 Spring | 2018 | A

12345 | Shankar [ Comp. Sci. 32 | CS-347 1 Fall 2017 A

( D 19991 | Brandt | History 80 | HIS-351 1 Spring 2018 | B
23121 | Chavez | Finance 110 [ FIN-201 1 Spring | 2018 | C+

‘ | 44553 | Peltier | Physics 56 | PHY-101| 1 Fall 2017 ] B-
(‘ 45678 | Levy Physics 46 | CS-101 1 Fall 2017 | F
45678 | Levy Physics 46 | CS-101 1 Spring | 2018 | B+

45678 | Levy Physics 46 | CS-319 1 Spring 2018 | B

54321 | Williams | Comp. Sci. 54 | CS-101 1 Fall 2017 | A-
54321 | Williams | Comp. Sci. 54 | CS-190 2 Spring | 2017 | B+

55739 | Sanchez | Music 38 [ MU-199 1 Spring [ 2018 [ A-

76543 | Brown | Comp. Sci. 58 | CS-101 1 Fall 2017 A

76543 | Brown | Comp. Sci. 58 [ CS-319 2 Spring | 2018 | A

76653 | Aoi Elec. Eng. 60 | EE-181 1 Spring 2017 | C

98765 | Bourikas | Elec. Eng. 98 | CS-101 1 Fall 2017] C-

98765 | Bourikas | Elec. Eng. 98 | CS315 1 Spring [ 2018 B

98988 | Tanaka | Biology 120 | BIO-101 1 Summer | 2017 | A

98988 | Tanaka | 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 instuiciess along with
the titles of courses that they have taken

Correct version G
select name, title ( O X
from{ student natural join takes, Course

where takes.course_id = course.course_id,

Incorrect version 1D lowrsse -\ a

select na:;::ﬂeﬂﬂ
from studer natural join takes natural join course;

= This query omits all (student name, course jifle) pairs where
the studenf takes a course in a depart t other than the
student's own department.

= The correc} version

M’c Nk
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€), correctly outputs such pairs.



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
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Outer Join Examples

= Relation course

|course_id| title | dept_name I credits | N akurd O k
BIO-301 [ Genetics Biology 4 ﬁ)
CS-190 |Game Design| Comp. Sci. | 4 p
CS-315 |Robotics Comp.Sci.| 3 | X Lo“m - 'A

Relation prereq

course_id | prereq_id

BIO-301 | BIO-101

CS-190 | CS-101
3477y CS-101 X

)

= Observe that
course information is missing 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 CS-101
/¥ CS-315 | Robotics Comp. Sci.| 3 | nutl

gt

‘_ ! In relational algebra: course 2 prereq

il
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Right Outer Join

= 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
n alu— CS-347 | nuit null null | CS-101

= |n relational algebra: course P prereq

Database System Concepts - 7t Edition
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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
CS-347 | null null null | CS-101

= |nrelational algebra:  course P<C prereq
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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 (4q, Ay, ..., 4,) ] |7\SM q M
-

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 | null null nuil | CS-101
= course full outer join prereq using (course_id) wLame MI'D\IAA
Oin 0w
course_id title dept_name | credits | prereq_id J
BIO-301 | Genetics Biology 4 BIO-101 Wj‘ _ ld
CS-190 | Game Design| Comp. Sci.| 4 |CS-101
CS-315 | Robotics Comp. Sci.| 3 null
CS-347 | null null null | CS-101

Database System Concepts - 7th Edition 4.19 ©FSilberschatz, #orth ard Sucarshan



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 - 7t Edition 4.20
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Views in SQL

m Views are virtual tables
Tohles are dustinbibhed

Yow wed sggrquied fermhion — ey
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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

= A view is defined using the create view statement which
has the form

create view v as < query expression >

where <query expression> is any legal SQL expression.
The view name is represented by v.

= Once a view is defined, the view name can be used to refer
to the virtual relation that the view generates.

= View definition is not the same as creating a new relation
by evaluating the query expression

1w
Rather, a view definition causes the saving of an V ¢ R
expression; the expression is substituted into queries Ma-lv\.s

using the view.
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View Definition and Use

= A view of instructors without their salary

create view faculty as
select /D, name, dept_name
from instructor

= Find all instructors in the Biology department
select name

from faculty
where dept_name = '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,

= A view relation v is said to be recursive if it depends on
itself.

4 —V,
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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 present in e,

= Aslong 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 view result becomes out of date

Need to maintain the view, by updating the view
whenever the underlying 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 /D, 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?

Database System Concepts - 7th Edition 4.31 ©FSilberschatz, #orth ard Sucarshan



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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Built-in Data Types in SQL

= date: Dates, containing a (4 digit) year, month and date
Example: date '2005-7-27'

= time: Time of day, in hours, minutes and seconds.
Example: time '09:00:30' time '09:00:30.75'

= timestamp: date plus time of day
Example: timestamp '2005-7-27 09:00:30.75'

= interval: period of time
Example: interval '1' day

Subtracting a date/time/timestamp value from another
gives an interval value

Interval values can be added to date/time/timestamp
values
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Advanced SQL

m Many other features
m Transactions
m Assertions and triggers
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Advanced SQL

m Many other features
m Transactions
m Assertions and triggers

m Can call SQL from other programming languages
m Almost every language has library functions to invoke SQL
m Transfer data between online forms and databases
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Security — SQL injection attacks

m User input can be malicious commands to corrupt database

m Always validate data entered in a form before passing on to SQL
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Security — SQL injection attacks

m User input can be malicious commands to corrupt database

m Always validate data entered in a form before passing on to SQL

HI, THIS 15

WERE HAVING SOME
COMPUTER TROUBLE.

\%m

YOUR SON'5 SCHOOL.

Madhavan Mukund

OH, DEAR - DID HE
BREAK SOMETHING?

IN AWAY /

St

DID YOU REALLY
NAME YOUR SON
Robert'); DROP
TABLE Students; -~ 7

~ OH.YES. UTTLE
BOBBY TABLES,
WE CALL HIM.

WELL, WEVE LOST THIS
YEAR'S STUDENT RECORDS.
I HOPE YOURE HAPFY.

{

AND T HOPE
- YOUVE LEARNED
L TOSANITIZE YOUR

DATARASE INPUTS.

RDBMS and SQL
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