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Relational algebra — select and project

m List instructors from Physics
department with salary above 90,000

g dept_name = Physics (Instructor)
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1D ‘ name

dept_name ‘ salary

10101 | Srinivasan
12121 | Wu

15151 Mozart
22222 | Einstein
32343 | El Said
33456 | Gold
45565 | Katz
58583 | Califieri
76543 | Singh
76766 | Crick
83821 | Brandt
98345 | Kim

Comp. Sci. | 65000
Finance 90000
Music 40000
Physics 95000
History 60000
Physics 87000
Comp. Sci. | 75000
History 62000
Finance 80000
Biology 72000
Comp. Sci. | 92000
Elec. Eng. 80000

RDBMS-SQL, Lecture 3, 28 Aug 2025 2/

11



Relational algebra — select and project

m List instructors from Physics ’ 1D ’ name | dept_name ‘ salary |
department with salary above 90,000 10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
@ieptname — Physics (Instructor) 15151 | Mozart Music 40000

A 22222 | Einstein Physics 95000 4
salary > 90000 9 = tond. 32343 | El Said History 60000

33456 | Gold Physics, 87000 X
cmalh ¢ — sleds 45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
q-g' (:") \-'_é‘ A®, (f ) 76766 | Crick Biology 72000
T 83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000

and
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Relational algebra — select and project

m List instructors from Physics
department with salary above 90,000

“(Instructor)
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dept_name = Physics

A N
salary > 90000 &~

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. Sc]'ix 92000,
98345 | Kim Elec. Eng. 80000
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Relational algebra — select and project

m List instructors from Physics
department with salary above 90,000

m List names of instructors

Tname (Instructor)
L': ? R)'v PWJLA'

L] 1D neme (_lus"vwdw)

W name, TD (l\'\sww)

Camy

1D ’ name

dept_name ‘ salary

10101 | Srinivasan
12121 | Wu

15151 | Mozart
22222 | Einstein
32343 | El Said
33456 | Gold
45565 | Katz
58583 | Califieri
76543 | Singh
76766 | Crick
83821 | Brandt
98345 | Kim

Comp. Sci. | 65000
Finance 90000
Music 40000
Physics 95000
History 60000
Physics 87000
Comp. Sci. | 75000
History 62000
Finance 80000
Biology 72000
Comp. Sci. | 92000
Elec. Eng. 80000
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Relational algebra — select and project

m List instructors from Physics
department with salary above 90,000

m List names of instructors

m List names of instructors from Physics
department with salary above 90,000

Tname( (Instructor))

7 dept_name = Physics
A
salary > 90000

v Lﬁm C\ud"ﬁ) )

Madhavan Mukund

’ name

ID | dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
209909 ’lEinstein Physics 95000
32343 1 '| 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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Relational algebra — select and project

m List instructors from Physics ’ 1D ’ name | dept_name ‘ salary |
department with salary above 90,000 10101 | Srinivasan | Comp. Sci. | 65000
m List names of instructors 12121 | Wu Finance 90000
15151 | Mozart Music 40000
m List names of instructors from Physics 22222 | Einstein Physics 95000
department with salary above 90,000 32343 | El Said History 60000
33456 | Gold Physics 87000
Thame (0 . (Instructor)) | 45565 | Katz Comp. Sci. | 75000

dept_ = Ph

ept ”ameA yoIes 58583 | Califieri | History 62000

larvy > 90000 76543 | Singh Finance 80000

salary 76766 | Crick Biology 72000

-m TU- ‘ ') 83821 | Brandt Comp. Sci. | 92000
Wy (y , Wi ksh’— 98345 | Kim Elec. Eng. 80000
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Relational algebra — join

m List details of ceurses.affered-biminsbructons IMSWS %Mj Pwiyges

’ 1D ‘ 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

| ID ‘ course_id | sec_id ‘ semester | year |
10101 | CS-101 1 Fall 2017
10101 | CS-315 1 Spring 2018
10101 | CS-347 1 Fall 2017
12121 | FIN-201 1 Spring 2018
15151 | MU-199 1 Spring 2018
22222 | PHY-101 1 Fall 2017
32343 | HIS-351 1 Spring 2018
45565 | CS-101 1 Spring 2018
45565 | CS-319 1 Spring 2018
76766 | BIO-101 1 Summer | 2017
76766 | BIO-301 1 Summer | 2018
83821 | CS-190 1 Spring 2017
83821 | CS-190 2 Spring 2017
83821 | CS-319 2 Spring 2018
98345 | EE-181 | Spring 2017

Madhavan Mukund
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Relational algebra

m Instructor x Teache

Tinshww\b =1u4-u.g3

T ft
/—\ Lo’_a-
InstructorID | nam” N epl~Tlme | salary | teaches.ID | course_id

L

s?c_id semester | year
10101 v/ Stinivasan| Comp. Sci. | 65000 | 10101 M CS-101 I |rat  [2017
10101 A Stinivasan| Comp. Sci. [ 65000 | 10101 \A CS-315 I [Spring [2018
10101 y/] Stinivasan| Comp. Sci. [ 65000 | 10101\/] CS-347 1 [Fal  [2017
10101 | Srinivasan| Comp. Sci. | 65000 [ 12121 |FIN-201 | 1 |Spring |2018
10101 | Srinivasan| Comp. Sci. | 65000 | 15151 |[MU-199 | 1 [Spring |2018
10101 [Srinivasan| Comp. Sci. [ 65000 | 22222 [pHY-101] 1 [Fan _ [2017
T |wu Finance | 90000 | 1 CS-101 1 |Fall  |2017
12121 |Wu Finance 90000 | 10101 |CS8315 1__|Spring |2018
12121 [wu Finance | 90000 | 10101 [ (CS-347 1 |Fanl__ |2017
12121 |wu Finance [ 90000 | 12121 [FIN-201 | 1 [Spring | 2018
12121 |Wu Finance [ 90000 | 15151 [MU-199 | 1 [Spring |2018
12121 |Wu Finance [ 90000 [ 22222 |PHY-101| 1 |Fal _ |2017

RDBMS and SQL
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Relational algebra — join

B 0 |nstructor.ID = teaches.ID(Instructor x Teaches)

76766 [ Crick Biology 72000 | 76766 | BIO-101
76766 | Crick Biology 72000 | 76766 | BIO-301
83821 Brandt Comp. Sci. | 92000 83821 | CS-190
83821 Brandt Comp. Sci. | 92000 83821 | CS-190
83821 Brandt | Comp. Sci. | 92000 ) 83821 [ CS-319
98345 Kim Elec. Eng. | 80000 | 98345 | EE-181

Summer| 2017

Summer| 2018
Spring | 2017
Spring | 2017
Spring | 2018
Spring [ 2017

InstructorID | name dept_name | salary | teaches.ID | course_id | sec_id | semester | year
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-101 1 Fall 2017
10101 Srinivasan| Comp. Sci. | 65000 10101 [CS-315 1 |Spring | 2018
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-347 1 Fall 2017
12121 Wu Finance 90000 12121 FIN-201 1 Spring | 2018
15151 Mozart | Music 40000 15151 MU-199 1 Spring | 2018
22202 Einstein | Physics 95000 22222 | PHY-101 1 Fall 2017
32343 El Said History 60000 32343 HIS-351 1 Spring | 2018
45565 Katz Comp. Sci. | 75000 45565 | CS-101 1 Spring | 2018
45565 Katz Comp. Sci. | 75000 45565 | CS-319 1 Spring | 2018

1
1
1
2
2
1
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Relational algebra — join

L] Instructor] > Instructor. ID — teaches ID JTeaches — cartesian project with select

InstructorID | name dept_name | salary | teaches.ID | course_id | sec_id | semester | year v“ (p X r')
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-101 Fall 2017 9 ¢ L4

10101 Srinivasan| Comp. Sci. | 65000 10101 CS-315 Spring | 2018

10101 Srinivasan| Comp. Sci. | 65000 10101 [ CS-347 Fall 2017 r h

12121 Wu Finance 90000 12121 | FIN-201 Spring | 2018 ( 9 rL
15151 Mozart [ Music 40000 15151  [MU-199 Spring [ 2018

22202 Einstein | Physics 95000 22222 | PHY-101 Fall 2017

32343 ElSaid | History 60000 32343 | HIS-351 Spring | 2018

45565 Katz Comp. Sci. | 75000 | 45565 | CS-101 Spring | 2018

45565 Katz Comp. Sci. | 75000 | 45565 |CS-319 Spring | 2018

76766 Crick Biology 72000 76766 | BIO-101
76766 Crick Biology 72000 76766 | BIO-301
83821 Brandt Comp. Sci. | 92000 83821 CS-190
83821 Brandt Comp. Sci. | 92000 83821 | CS-190
83821 Brandt Comp. Sci. | 92000 83821 CS-319
98345 Kim Elec. Eng. | 80000 98345 | EE-181

Summer| 2017
Summer| 2018
Spring | 2017
Spring | 2017
Spring | 2018
Spring | 2017

— oo == ===~ ===~ ~=|~]
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Relational algebra — set operations

| D ‘ course_id | sec_id ‘ semester ‘ year |

m Union and intersection

10101 | CS-101 Fall 2017
'r. r ‘ 10101 | CS-315 Spring 2018
4 U z S— r‘ ,f-.' < 10101 | CS-347 Fall 2017

12121 | FIN-201

~ Come bolum_( 15151 | MU-199
ALY

Spring 2018
Spring 2018
Fall 2017
Spring 2018
Spring 2018
Spring 2018
Summer | 2017
Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017

22222 | PHY-101
32343 | HIS-351
45565 | CS-101
45565 | CS-319

200y (T u-d%) 76766 | BIO-101

(/¥ g 76766 | BIO-301

83821 | CS-190

V G, oz LAY (,TM) 83821 | CS-190

\l 83821 | CS-319

=) TM“98345 EE-181

JENE NG Y NG G GGG VG U HGG
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Relational algebra — set operations

| D ‘ course_id | sec_id ‘ semester ‘ year |

m Union and intersection

10101 | CS-101 Fall 2017

- 10101 | CS-315 Spring 2018

(bum rﬁ‘&k'“’ %\q‘. g’ 20]8 10101 | CS-347 Fall 2017
12121 | FIN-201 Spring 2018

15151 | MU-199
22222 | PHY-101

g
— coches 32343 | HIS-351
hm ‘A q\_;mvio\b ) ) 45565 | CS-101
- 45565 | CS-319
76766 | BIO-101
ﬂ 76766 | BIO-301
83821 | CS-190

Spring 2018
Fall 2017
Spring 2018
Spring 2018
Spring 2018
Summer | 2017
Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017

83821 | CS-190
83821 | CS-319

‘EM«\ A (ﬂ% <~ 8 (‘hA\Lu)> 98345 | EE-181
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Relational algebra — set operations

| D ‘ course_id | sec_id ‘ semester ‘ year |

m Union and intersection

10101 | CS-101 Fall 2017
10101 | CS-315 Spring 2018
v‘ A ) V 10101 | CS-347 Fall 2017

12121 | FIN-201
15151 | MU-199

Buv e () = @l vl i

Spring 2018
Spring 2018
Fall 2017
Spring 2018
Spring 2018
Spring 2018
Summer | 2017
Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017

45565 | CS-101
45565 | CS-319

76766 | BIO-101

S&S‘MMM 76766 | BIO-301
83821 | CS-190

\| 83821 | Cs-190

[TV R "MMV!A" 83821 | CS-319

98345 | EE-181

JENE NG Y NG G GGG VG U HGG
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Relational algebra — set operations

| D ‘ course_id | sec_id ‘ semester ‘ year |

m Union and intersection

10101 | CS-101 Fall 2017
10101 | CS-315 Spring 2018
10101 | CS-347 Fall 2017

12121 | FIN-201
15151 | MU-199

Q'é (Y) N (79 (f‘) 22222 | PHY-101
1 v 32343 | HIS-351
45565 | CS-101
45565 | CS-319
C A “ 76766 | BIO-101
- T ({) 76766 | BIO-301

T \() 0\ 0 ;s\ 83821 | CS-190
WiFADE 83821 | CS-190

83821 | CS-319

Tvially 4 - B¢ wreful VLN 983?35&;"

Spring 2018
Spring 2018
Fall 2017
Spring 2018
Spring 2018
Spring 2018
Summer | 2017
Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017
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Relational algebra — set operations

| D ‘ course_id | sec_id ‘ semester ‘ year |

m Union and intersection

10101 | CS-101 Fall 2017

m Complementation? 10101 | CS-315 Spring | 2018
10101 | CS-347 Fall 2017

M ww 7 12121 | FIN-201 Spring | 2018
eoms - 15151 | MU-199 Spring | 2018

22222 | PHY-101
32343 | HIS-351
45565 | CS-101

re §xs, sqrkcMhx® oo
76766 | BIO-301

9 ok ddlemag 12521 | C3150
C""“'\P\M % T dl 83821 | CS-319

98345 | EE-181

Fall 2017
Spring 2018
Spring 2018
Spring 2018
Summer | 2017
Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017
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Relational algebra — set operations

m Union and intersection | D ‘ course_id | sec_id ‘ semester ‘ year |
N M' ' 10101 | CS-101 Fall 2017
m Complementation? v 10101 | CS-315 Spring | 2018

Fall 2017
Spring 2018
Spring 2018
Fall 2017
Spring 2018
Spring 2018
Spring 2018
Summer | 2017
Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017

15151 | MU-199
22222 | PHY-101

V110101 | CS-347
m Set difference ‘. \7 M‘M 12121 | FIN-201
| 5

(b " w . %‘q’ 32343 | HIS-351
weges WA« I 45565 | CSIOL

S ‘ﬁ 45565 | CS-319
76766 | BIO-101

COW \l;\ TU\-J!A Wi I~ 76766 | BIO-301
)

1°|;_ 83821 w
Wi (fwho) N T(."D Lv:l

83821 | CS-190
83821 | CS-319

(Tma\)xm EE-181
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Sets — ordering

Madhavan Mukund

1D 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

RDBMS and SQL

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

Instructor, unsorted

L, Lecture 3, 28 Aug 2025 6/11



Sets — duplicates

Cs
Fn
Mus

| ID ‘ name | dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci.f | 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

Madhavan Mukund

RDBMS and SQL
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A challenge

m List instructors who teach more than one course | courseid | secid | semester | year

10101 | CS-101 1| Fall 2017
10101 | CS-315 1| Spring | 2018

- —
kﬂf T“ 10101 | CS-347 1| Fall 2017
n I m‘ 12121 | FIN-201 1| Spring | 2018
15151 | MU-199 1 | Spring | 2018
. 22222 | PHY-101 | 1 | Fall 2017
r?_, "= ‘U\M 32343 | HIS-351 1 | Spring | 2018
45565 | CS-101 1 | Spring | 2018
45565 | CS-319 1 | Spring | 2018
‘' 2 @ 76766 | BIO-101 1 | Summer | 2017
\u(r r‘- &»D 2 T£. 76766 | BIO-301 1| Summer | 2018
83821 | CS-190 1| Spring | 2017
M 83821 | CS-190 2| Spring | 2017
L 83821 | CS-319 7 Spring 2018
r( . tewrse_1 A + Il U 98&?} EE-181 1| spring | 2017

Teaches

—2 Z Yiuvid vl
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A challenge

m List instructors who teach more than one course || counsed | secid | semester | year |
10101 | CS-101 1| Fan 2017
W ey . 10101 | CS-315 1| Spring | 2018
1. 10101 | CS-347 1| Fal 2017
| eachen [\ -\ leaches 12121 | FIN201 | 1 | Spring | 2018
D=\D A 15151 | MU-199 | 1 | Spring | 2018
) A 22222 | PHY-101 | 1 | Fall 2017
. 32343 | HIS-351 I | Spring | 2018
wrted #’ thwise - 45565 | CS-101 1| Spring | 2018
N 45565 | CS-319 1| Spring | 2018
76766 | BIO-101 | 1 | Summer | 2017
wWheda 76766 | BIO-301 | 1 | Summer | 2018
83821 | CS-190 I | Spring | 2017
83821 | CS-190 2 | Spring | 2017
83821 | CS-319 2 | Spring | 2018
M 'r M r - r 98345 | EE-181 1 Spring | 2017
O ——

Teaches
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‘ ID ‘ course_id ‘ sec_id ‘ semester | year I
10101 | CS-101 1 Fall 2017
10101 | CS-315 1 Spring 2018
10101 | CS-347 1 Fall 2017
12121 | FIN-201 1 Spring 2018
15151 | MU-199 1 Spring 2018
22222 | PHY-101 1 Fall 2017
32343 | HIS-351 1 Spring 2018
45565 | CS-101 1 Spring 2018
45565 | CS-319 1 Spring 2018
76766 | BIO-101 1 Summer | 2017
76766 | BIO-301 1 Summer | 2018
83821 | CS-190 1 Spring 2017
83821 | CS-190 2 Spring 2017
83821 | CS-319 2 Spring 2018
198345 | EE-181 1 Spring 2017

4 Iy

Teaches

Madhavan Mukund
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ra — assignme

ﬂu.mw-trbﬂJW\ - g

s Ley (o) Legr- Sige(fusy

aghd- 1D

M Llé\\- towrse_d

‘ ID ‘ course_id ‘ sec_id ‘ semester | year I
10101 | CS-101 1 Fall 2017
10101 | CS-315 1 Spring 2018
10101 | CS-347 1 Fall 2017
12121 | FIN-201 1 Spring 2018
15151 | MU-199 1 Spring 2018
22222 | PHY-101 1 Fall 2017
32343 | HIS-351 1 Spring 2018
45565 | CS-101 1 Spring 2018
45565 | CS-319 1 Spring 2018
76766 | BIO-101 1 Summer | 2017
76766 | BIO-301 1 Summer | 2018
83821 | CS-190 1 Spring 2017
83821 | CS-190 2 Spring 2017
83821 | CS-319 2 Spring 2018
98345 | EE-181 1 Spring 2017

Madhavan Mukund RDBMS and SQL

b Ruglh lownse 4

Teaches
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ra — assignment

|W W — w ‘\ly YUndama ‘As ‘ 1D ‘ course_id ‘ sec_id ‘ semester | year

10101 | Cs-101 1 [ Fan 2017
10101 | CS315 1| Spring | 2018
10101 | CS-347 1| Fan 2017
12121 | FIN201 | 1 | Spring | 2018
n 15151 | MU-199 | 1 | Spring | 2018
g e ('UIL'-D 22222 | PHY-I01 | 1 | Fall 2017
FL/ L 32343 | HIS351 | 1 | Spring | 2018
L e, L5, Lgu’\-, U{) 45565 | CS-101 1| spring | 2018
45565 | CS-319 1 | Spring | 2018
76766 | BIO-101 1 Summer | 2017
\.P onntled 76766 | BIO-301 | 1 | Summer | 2018
’ 83821 | CS-190 1| Spring | 2017
83821 | CS-190 | 2 | Spring | 2017
ne d‘UL 83821 | CS-319 2 | Spring | 2018
98345 | EE-I81 1| spring | 2017
Teaches

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 28 Aug 2025 9/11
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Relational algebra — Examples

Instructor (ID,name,dept_name,salary)

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

Thade abnt fune

T
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Relational algebra — Examples

Instructor (ID,name,dept_name,salary)

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

Instructor (ID,name,dept_name,salary)

m Find the faculty member(s) with the
minimum salary.

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 28 Aug 2025 10/11



Relational algebra — Examples

family (ID,name,gender)
relation(ID1,ID2,relationship)

m Compute the relation
sister(ID1,ID2) — ID1 is a sister of
ID2

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 28 Aug 2025 11/11



Relational algebra — Examples

family (ID,name,gender)
relation(ID1,ID2,relationship)

m Compute grandparent (ID1,ID2) —
ID1 is grandparent of ID2

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 28 Aug 2025 11/11



Relational algebra — Examples

family (ID,name,gender)
relation(ID1,ID2,relationship)

m Compute
greatgrandparent (ID1,ID2) — ID1
is greatgrandparent of ID2

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 28 Aug 2025 11/11



Relational algebra — Examples

family (ID,name,gender)
relation(ID1,ID2,relationship)

m Can you compute ancestor (ID1,ID2)
in general?

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 28 Aug 2025 11/11



