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Relational model

m All information is represented using relations — tables

m Tables have fixed structure — relation schema ré S\NSL'K - R gy\
| ID | name | dept_name ‘ salary | Instructor

10101 | Srinivasan | Comp. Sci. | 65000 ID | name | dept_name | salary

12121 | Wu Finance 90000

15151 Mozart Music 40000 Text Text Text Number

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

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 5, 18 Sep 2025

2/23



Relational model

m All information is represented using relations — tables

m Tables have fixed structure — relation schema

| ID | name | dept_name ‘ salary | Instructor

10101 | Srinivasan | Comp. Sci. | 65000 ID name | dept_-name | salary

12121 Wu Finance 90000

15151 | Mozart Music 40000 Text Text i Text Number
22222 | Einstein | Physics 95000 Format? Fixed set? | Range?
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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m Functional relationship | D ‘ name | dept_name ‘ salary |
10101 § Srinivasan l Comp. Sci. | 65000
coll = colZ.ca\3, Yy 12121 || Wu Finance | 90000
15151 || Mozart Music 40000
22222 || Einstein Physics 95000
C&ka trele “‘Tk"“" 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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Keys

m Functional re|ationship course_id ‘ secid ‘ semester ‘ year ‘ building | room_number | time_slot_id |
BIO-101 1 Summer | 2017 | Painter 514 B
] Superkey BIO-301 1 Summer | 2018 | Painter 514 A
CS-101 1 Fall 2017 | Packard 101 H
CS-101 1 Spring 2018 | Packard 101
) ' . CS-190 1 Spring 2017 | Taylor 3128
Kbﬂ M“Q h’ A bow\’ﬂ M| es190 2 | Spring | 2017 | Taylor 3128 @
CS-315 1 Spring 2018 | Watson 120 D
CS-319 1 Spring 2018 | Watson 100 B
CS-319 2 Spring 2018 | Taylor 3128 C
LDM“, WA+ %\'ov\' \r.m CS-347 1 | Fan 2017 | Taylor 3128 A
EE-181 1 Spring 2017 | Taylor 3128 C
FIN-201 1 Spring 2018 | Packard 101 B
HIS-351 1 Spring 2018 | Painter 514 C
MU-199 1 Spring 2018 | Packard 101 D
PHY-101 1 Fall 2017 | Watson 100 A

Vear + Hme_clot
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Keys

A\ columns = tiviak s

courseid ‘ sec_id ‘ semester ‘ year ‘ building | room_number | tithe_slot_id |

m Functional relationship

BIO-101 1 Summer | 2017 | Painter 514 B

| Superkey BIO-301 1 Summer | 2018 | Painter 514 A
CS-101 1 Fall 2017 | Packard 101 H

CS-101 1 Spring 2018 | Packard 101 F

CS-190 1 Spring 2017 | Taylor 3128 E

W A + jwulu +“W CS-190 2 Spring 2017 | Taylor 3128 A
CS-315 1 Spring 2018 | Watson 120 D

CS-319 1 Spring 2018 | Watson 100 B

+~ m,ld CS-319 2 | Spring | 2018 | Taylor 3128 c
CS-347 1 Fall 2017 | Taylor 3128 A

EE-181 1 Spring 2017 | Taylor 3128 C

FIN-201 1 Spring 2018 | Packard 101 B

HIS-351 1 Spring 2018 | Painter 514 C

M \ . u MU-199 1 Spring 2018 | Packard 101 D
M\ ¢ M‘,. M PHY-101 1 Fall 2017 | Watson 100 A

&l o ku1 Section
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Keys

m Functional relationship
m Superkey
m Candidate key

Mumel SM

Madhavan Mukund

coursed, | sec.id 1 semester yea Wl time_slot_id )
s — 3 - 7
RIO-101 1 Summer | 2017 | Painter 514 B
BIO-301 1 Summer |"ZU18 | Painter 514 A
CS-101 1 Fall 2017 | Packard 101 H
CS-101 1 Spring 2018 | Packard 101 F
CS-190 1 Spring 2017 | Taylor 3128 E
CS-190 2 Spring 2017 | Taylor 3128 A
CS-315 1 Spring 2018 | Watson 120 D
CS-319 1 Spring 2018 | Watson 100 B
CS-319 2 Spring 2018 | Taylor 3128 C
CS-347 1 Fall 2017 | Taylor 3128 A
EE-181 1 Spring 2017 | Taylor 3128 C
FIN-201 1 Spring 2018 | Packard 101 B
HIS-351 1 Spring 2018 | Painter 514 C
MU-199 1 Spring 2018 | Packard 101 D
PHY-101 1 Fall 2017 | Watson 100 A
Section
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Keys

m Functional re|ationship ‘h course_id ‘ secid ‘ semester ‘ yeay ‘ building | room_number | time_slot_id
BIO-101 —-Stfmmer | 2017 | Painter 514 B
m Su perkey BIO-301 1 Summer | 2018 | Painter 514 A
CS-101 1 Fall 2017 | Packard 101 H
= Candidate key CS-101 1 Spring 2018 | Packard 101 F
CS-190 1 Spring 2017 | Taylor 3128 E
. CS-190 2 Spring 2017 | Taylor 3128 A
m Primary key Cs-315 1 | Spring | 2018 | Watson 120 D
CS-319 1 Spring 2018 | Watson 100 B
CS-319 2 Spring 2018 | Taylor 3128 C
D \ c\-f M‘Aﬂ CS-347 1 Fall 2017 | Taylor 3128 A
EE-181 1 Spring 2017 | Taylor 3128 C
FIN-201 1 Spring 2018 | Packard 101 B
k&:’ - Velme HIS351 | 1 | Spring | 2018 | Painter 514 C
- MU-199 1 Spring 2018 | Packard 101 D
PHY-101 1 Fall 2017 | Watson 100 A
Section
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m Mobile call data

N\ ‘/\
‘ : 9 Call from | Call to | Start time | End time
s

dne el CoML- B+ Starttnie
Call -t + Liadt tu,,
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Referential integri

‘ colbe i ‘ title | dept_name ‘ credits I course_id | prereq_id
BIO-101 | Intro. to Biology Biology 4 g{ggg; gigjigi
BIO-301 Genetics Biology 4 ©S-190 CS-101
BIO-399 | Computational Biology Biology 3 CS-315 CS-101
CS-101 Intro. to Computer Science | Comp. Sci. 4 CS-319 CS-101 W "
CS-190 Game Design Comp. Sci. 4 CS-347 CS-101 & < ke
CS315 | Robotics Comp. Sci. | 3 EE-I81 | PHY-101 (‘*ﬁ n 5
CS-319 Image Processing Comp. Sci. 3 L.
CS-347 Database System Concepts | Comp. Sci. 3 Prereq uisites —
EE-181 Intro. to Digital Systems Elec. Eng. 3 - .
FIN-201 Investment Banking Finance 3 Ml Ll““ ’S
HIS-351 | World History History 3
NMILLOQ joio Nd Reoducti
PHY-101 | Physical Principles Physics 4 duut.

Course
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Referential integrity

L —

course_id ‘ title | dept_name ‘ credits I course_id pr;r'eq_ia' D course_id | secid | semester | year
BIO-101 | Intro. to Biology Biology 4 BIG-301 1 BIO-101 10101 | Cs-101 1| Fal 2017
. . BIO-399 | BIO-101 10101 | CS-315 1 Spring 2018

BIO-301 Genetics Biology 4 ©S-190 CS-101
BIO-399 C tati 1 Biol Biol 3 £ & 10101 | CS-347 1 Fall 2017
£ QUIpHtat.ona. BIol0gy 10108y CS315 | CS-101 12121 | FIN201 | 1 | Spring | 2018
CS-101 Intro. to Computer Science | Comp. Sci. 4 CS-319 CS-101 15151 | MU-199 1 Spring 2018
CS-190 Game Design Comp. Sci. 4 CS-347 CS-101 22222 | PHY-101 1 Fall 2017
CS-315 Robotics Comp. Sci. 3 EE-181 | PHY-101 32343 | HIS-351 1 Spring | 2018
CS-319 Image Processing Comp. Sci. 3 L. 45565 | CS-101 1 Spring | 2018
CS-347 | Database System Concepts | Comp. Sci. 3 Prerequisites 45565 | CS319 L | Spring | 2018
< ¢ 76766 | BIO-101 1 Summer | 2017
EE-181 Intro. to Digital Systems Elec. Eng. 3 76766 | BIO-301 1 Summer | 2018
FIN-201 Investme'nt Banking Flpance 3 83821 | CS-190 1 Spring 2017
HIS-351 | World History History 3 83821 | CS-190 2 Spring 2017
MU-199 Music Video Production Music 3 83821 | CS-319 2 Spring 2018
PHY-101 | Physical Principles Physics 4 98345 | EE-181 1 Spring 2017

Course Teaches

" Castading delote”
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University database

| ID ‘ name | dept_name i salary l
10101 | Srinivasan | Comp{Sci. | 65000 ‘ dept_name ‘ building | budget |
ﬁgll :AV” U 2000 Biology Watson | 90000
ozart Music 40000 .
22222 | Einstein | Physics 95000 Comp. Sci. | Taylor | 100000
32343 | El1Said | History 60000 Elec.Eng. | Taylor | 85000
33456 | Gold Physics 87000 Finance | Painter | 120000
45565 | Katz Comp. Sci. | 75000 History Painter | 50000
58583 | Califieri | History 62000 Music Packard | 80000
76543 | Singh Finance 80000 Physics Watson | 70000
76766 | Crick Biology 72000 Department
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
Instructor
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University database

course_id | title dept_name credits courseid | secid | semester | year | building | room_number | timeslot_id
BIO-101 Intro. to Biology Biology 4 BIO-101 1 Summer | 2017 | Painter 514 B
BIO-301 Genetics Biology 4 BIO-301 1 Summer | 2018 | Painter 514 A
2 . . CS-101 1 Fall 2017 | Packard 101 H
BIO-399 | Computational Biology Biology 3 Cs-101 1 Spring 2018 | Packard 101 F
CS-101 Intro. to Cf)mputer Science | Comp. Sc!. 4 CS-190 1 Spring 2017 | Taylor 3128 E
CS-190 | Game Design Comp. Sci. | 4 C8-190 2 | Spring | 2017 | Taylor 3128 A
CS-315 Robotics Comp. Sci. 3 CS-315 1 Spring | 2018 | Watson 120 D
CS-319 Image Processing Comp. Sci. 3 CS-319 1 Spring 2018 | Watson 100 B
CS-347 Database System Concepts | Comp. Sci. 3 CS-319 2 Spring 2018 | Taylor 3128 C
EE-181 Intro. to Digital Systems Elec. Eng. 3 CS-347 1 Fall 2017 | Taylor 3128 A
FIN-201 | Investment Banking Finance 3 }F;ﬁ\l lgél } :Prf“g ;8:; ;l;ayll:" J 3110218 (];
HIS-35L | World History History s HIS.351 1 sﬁiiﬁi SWS | Painten 514 C
MU-199 MLISIAC Vldep Eroductlon MuS{c 3 MU-199 1 Spring 2018 | Packard 101 D
PHY-101 | Physical Principles Physics 4 PHY-101 1 Fall 2017 | Watson 100 A
Course Section
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University database

83821 | CS-319
98345 | EE-181

Spring 2018
Spring 2017

‘ D ‘ course_id ‘ sec_id ‘ semester ‘ year ‘

10101 | CS-101 1 Fall 2017
10101 | CS-315 1 Spring | 2018 course_id | prereq_id
10101 | CS-347 1 Fall 2017
12121 | FIN201 | 1 | Spring | 2018 BIO-301 | BIO-101
15151 | MU-199 1 Spring 2018 BIO-399 | BIO-101
22222 | PHY-101 1 Fall 2017 CS-190 CS-101
45565 | CS-101 1 Spring 2018 CS-319 CS-101
45565 | CS-319 1 Spring 2018 - -
76766 | BIO-101 1 | Summer | 2017 CS-347 CS-101
76766 | BIO-301 1 Summer | 2018 EE-181 PHY-101
83821 | CS-190 1 Spring 2017
83821 | CS-190 2 Spring 2017 Prerequisites

2

1

Teaches
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University database — schema diagram

Madhavan Mukur

rakes student
D D
course_id pasibec
) dept_name
tot_cred
semester
vear
grade
section course
b course id 3 eauzse id --k" department advisor
Ly sec id i .
—» semester e :;gjlfnanw — ;i_e%e ﬁ
e ] time_slot credits . —
building = budget
|| room_number time_slot_id
time_slot_id day
start_time
end_time
prereq instructor
classroom L] n
Ly building | name
L_y| room_number dept_name
capacity teaches salary
D
L course id
L] sec_id
L semester
L— year



SQL

M;SL hos evSlveA

m “Programming language” for relational algebra
m System R project of IBM M ‘
m Sequel ~» SQL (Structured Query Language)
o N _ MV\MVPI.:. |wf|¢wAMu’\s
m Data definition — describing relational schema
m Data manipulation — populating and modifying rows in tables Dmdc
m Querying tables — select, project, join, ... N\\1 SQL

PosbszQL
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(gw(l'r

cm——
Q@E}olumns —__
om table | |

ID name dept_name salar.
where conditlon] V-O (,7) | ‘ = ‘ 4
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
1C. Cq' (r)) 22222 | Einstein | Physics | 95000
(A 0 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

Madhavan Mukund
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Queries in SQL

m select columns
from table
where condition

select name

rom instructor
where dept_name = "Physics"

A
oo Vgt mane = P’ (51D ) 2255

Madhavan Mukund

| ID ‘name dept_name ‘samU/|

10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000

Gold Physics 87000

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

RDBMS and SQL
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Queries in SQL

m select columns
—

from table

| ID ‘ name | dept_name ‘ salary |
where condition
10101 | Srinivasan | Comp. Sci. | 65000
select name 12121 | Wu Finance 90000
from instructor 15151 | Mozart Music 40000
where dept_name = "Physics" 22222 | Einstein Physics 95000
. 32343 | El Said History 60000
[ SQL‘select combines o and 7 of 33456 | Gold Physics 87000
relational algebra 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

m select columns
from table
where condition

| ID ‘ name | dept_name ‘ salary |

10101 | Srinivasan | Comp. Sci. | 65000

select name 12121 | Wu Finance 90000
from instructor 15151 | Mozart Music 40000
where dept_name = "Physics" 22222 | Einstein Physics 95000

. 32343 | EIl Said History 60000

[ SQL‘select combines o and 7 of 33456 | Gold Physics 87000
relational algebra 45565 | Katz Comp. Sci. | 75000
select ID,name 58583 | Califieri History 62000
from instructor 76543 | Singh Finance 80000
where dept_name = "Physics" 76766 | Crick Biology 72000
and salary > 90000 83821 | Brandt Comp. Sci. | 92000

98345 | Kim Elec. Eng. 80000
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Queries in SQL

m select does not eliminate duplicates

select dept_name | 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

m select does not eliminate duplicates

select dept_name | ID ‘ name | dept_name ‘ salary |
from instructor 10101 | Srinivasan | Comp. Sci. | 65000
.. . . 12121 | Wu Finance 90000

m Explicitly specify that duplicates should 5

be premoi//edp— deitionarcomputation . || VIOZAT Hisie A8
o ! 22222 | Einstein Physics 95000
s0 avoid if not needed 32343 | ElSaid | History | 60000
select distinct dept_name 33456 | Gold Physics 87000
from instructor 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

m Select all attributes using *

select x* | ID ‘ name | dept_name ‘ salary |

from instructor 10101 | Srinivasan | Comp. Sci. | 65000
where dept_name = "Physics" 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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