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Relational algebra — select and project

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

@ dept_name = Physics (Instructor)

A
salary > 90000

V= Sduk

Madhavan Mukund RDBMS and SQL

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

SN N o

m List instructors from Physics ’ /ID }{name ) dept_namd (salary)|
department with salary above 90,000 MI ‘\Sﬁﬁe}san ‘M’ci. ‘ME)
m List names of instructors 12121 | Wu Finance 90000
15151 | Mozart Music 40000
@me(/n structor) 22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
ﬂ: - PY’J u}f 58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
]U CT) 83821 | Brandt Comp. Sci. | 92000
“““. S&bﬂ " - 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

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

Thame (0 dept_name = Physics
AN
salary > 90000
P e
U lableo —-9‘

Madhavan Mukund

(Instructor))

Tables

&«

RDBMS and SQL

ID ’ name | dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music
22222 Physics
32343 | El Said History
33456 | Gold Physics
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

RDBMS-SQL, Lecture 3, 2 Sep 2026
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Relational algebra — join

m List details of cetrses—effered hy instructors Who bﬂb\- owrdeo

Vo
’ (]D ) ‘ name | dept_name ‘ salary ‘ | (ID \‘ course_id | sec_id ‘ semester | year |
— — - Totef | cs-101 1| Fal 2017
10101 | Srinivasan | Comp. Sci. | 65000 10101 | CS-315 Spring | 2018
12121 | Wu Finance 90000 1(2)}(2)1 glslf‘z‘zn 1;311_ ggg
i - pring
15151 M_ozar.t Mu51.c 40000 15151 | MU-199 Spring | 2018
22222 | Einstein Physics 95000 22222 | PHY-101 Fall 2017
32343 | El Said History 60000 fég‘g g;sié? gpf?ng ;8}2
. - pring
33456 | Gold Physics 87000 45565 | CS-319 Spring | 2018

N DD e e e e e e g e

45565 | Katz Comp. Sci. | 75000 76766 | BIO-101 Summer | 2017
58583 | Califieri History 62000 ;gzg lélsol';gl S“H}mef ;gig
76543 | Singh Finance 80000 provrll s St | BOT7
76766 | Crick Biology 72000 83821 | CS-319 Spring | 2018
83821 | Brandt Comp. Sci. | 92000 98345 | EE-181 Spring | 2017
98345 | Kim Elec. Eng. 80000
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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
J0101 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

m Instructor >4 |hstructor. ID — teaches |D 1eaches — cartesian project with select

Madhavan Mukund

RDBMS and SQL

InstructorID | name dept_name | salary teaches.lD) course_id | sec_id | semester | year
0101 Srinivasan| Comp. Sci. | 65000 CS-101 1 Fall 2017 TNT
10101 Srinivasan| Comp. Sci. | 65000 [ 10101 | CS-315 1 |Spring | 2018 z
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
22222 Einstein | Physics 95000 22222 | PHY-101 1 Fall 2017
32343 E1 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
76766 Crick Biology 72000 76766 BIO-101 1 Summer | 2017
76766 Crick Biology 72000 76766 BIO-301 1 Summer | 2018
83821 Brandt Comp. Sci. [ 92000 83821 CS-190 1 Spring | 2017
83821 Brandt Comp. Sci. | 92000 83821 |CS-190 2 |Spring |[2017
83821 Brandt Comp. Sci. | 92000 83821 CS-319 2 | Spring [2018
98345 Kim Elec. Eng. | 80000 98345 EE-181 1 Spring | 2017
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Self join — assignment, renaming

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

10101 | CS-101 1 | Fall 2017

-T‘ 10101 | CS-315 1 | Spring | 2018

m.u X LYY VR 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

Teaches
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Self join — assignment, renaming

‘ ID ‘ course_id ‘ sec_id ‘ semester | year

m List instructors who teach more than one course

10101 | CS-101 Fall 2017

L 10101 | CS-315 Spring 2018
et 10101 | CS-347 Fall 2017
T1 < Teaches 12121 | FIN-201 Spring 2018

15151 | MU-199
22222 | PHY-101
in 32343 | HIS-351
45565 | CS-101

Spring 2018
Fall 2017
Spring 2018
Spring 2018

T2 <— Teaches

T1 by T2 45565 | CS-319 Spring 2018
ere 76766 | BIO-101 Summer | 2017
76766 | BIO-301 Summer | 2018

= L Ib="12.1D A ‘ 83821 | CS-190 Spring | 2017
E. course_id 75 T2.course_id 83821 | CS-190 Spring 2017

83821 | CS-319
98345 | EE-181

Spring 2018
Spring 2017

—_ RO N b e b e b e e e e e e

Teaches
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Self join — assignment, renaming

‘ ID ‘ course_id ‘ sec_id ‘ semester | year

m List instructors who teach more than one course

10101 | CS-101 1 | Fall 2017
10101 | CS-315 1 | Spring | 2018
pri(Teaches) >y (Teaches) 10101 | CS-347 1 | Fau 2017
where 12121 | FIN-201 1 | Spring | 2018
15151 | MU-199 1 | Spring | 2018
= T1.ID=T2.ID A 22222 | PHY-101 1 | Fall 2017
. . 32343 | HIS-351 1 | Spring | 2018
T1.course_id # T2.course_id i | G i 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
Teaches
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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
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

%, (T () on | S
97— 91 15151 | MU-199
22222 | PHY-101
32343 | HIS-351
G“ o 45565 | CS-101
9 j\9 45565 | CS-319

2 l 76766 | BIO-101
76766 | BIO-301

h":stk wo 83821 | CS-190
TJLW\L A Wwre 83821 | CS-190
83821 | CS319

2 W some o 98345 | EE-I81

JENE NG Y0 NG GG UG G UGS UG G
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m Union and intersection ID course_id \ sec.id | semester | year
10101 || cs-101 1 | Fau 2017

10101 || CS-315 1 | Spring | 2018

10101 ||Cs-347 1 | Fan 2017

—H' Tead ') 12121 ||FIN-201 1| Spring | 2018
; - Pl 193 15151 | |MU-199 1 | Spring | 2018
UA gem ,‘jUV' L lw 22222 | |PHY-101 || 1 | Fanl 2017
n 32343 | [HIS-351 1 | Spring | 2018

e 45565 | [cs-101 1 | Spring | 2018

n& VE@V\ W - g?ﬂ’j \?4)\8 OM) 45565 | |CS-319 1 Spring | 2018
) ‘d 76766 | [BIO-101 1 | Summer | 2017

76766 | [BIO-301 1 | Summer | 2018

83821 |]CS-190 1 | Spring | 2017

821 |[CS-190 2 Spring 2017

LT‘“‘“ 821 |[Cs-319 2 | spring | 2018

98345 || EE-181 1| Spring | 2017

Tm"’m - p‘ Zor} I\ Wlwu\,.’—' gc”l &
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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
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

Y 10101 | CS-347
%, U G, () 2 |

(\j 22222 | PHY-101
32343 | HIS-351

v—-\ ') 45565 | CS-101
45565 | CS-319
9 lv 97/ C—r 76766 | BIO-101
76766 | BIO-301
83821 | CS-190
83821 | CS-190
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
m Complementation? 10101 | CS-315 Spring 2018
10101 | CS-347 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

IAu\A' w h\.b wnivense 12121 | FIN-201

15151 | MU-199
22222 | PHY-101
32343 | HIS-351

'fl7 < lN?Q ',R 45565 | CS-101
1 45565 | CS-319

76766 | BIO-101
- ~ 76766 | BIO-301
= r') :,é \l 83821 | CS-190

%(b - acﬂ) r 83821 | CS-190
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
m Complementation? 10101 | CS-315 Spring 2018
10101 | CS-347 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

12121 | FIN-201
ru()JW\. 15151 | MU-199
——— 22222 | PHY-101

32343 | HIS-351

Cr’) N T 9 (f) 45565 | CS-101

45565 | CS-319

76766 | BIO-101
76766 | BIO-301

— 83821 | CS-190
g W WW\%\MJV\ 83821 | CS-190
Cf‘) = 83821 | CS-319

o 98345 | EE-181

@UM&W) = (Pl 20)

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
m Com p|ementation? 10101 | CS-315 Spring 2018
10101 CS-347 Fall 2017

12121 | FIN-201
15151 | MU-199
22222 | PHY-101
q-' 32343 | HIS-351
Yy 9 7 45565 | CS-101
45565 | CS-319
76766 | BIO-101

76766 | BIO-301
83821 | CS-190

J— 83821 | CS-190
S N | ﬁ,‘L M n -g) 83821 | CS-319
_ 98345 | EE-181

W we !

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

m Set difference

JENE NG Y NG G GGG VG U HGG
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Sets — ordering

D name dept_name salary | N\ ‘\’ ’ I (L | D ‘ name dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000 ;m 22222 | Einstein Physics 95000
12121 | Wu Finance 90000 12121 | Wu Finance 90000
15151 | Mozart Music 40000 < 32343 | El Said History 60000
22222 | Einstein Physics 95000 oL YJAJ I, 45565 | Katz Comp. Sci. | 75000
32343 | El Said History 60000 98345 | Kim Elec. Eng. 80000
33456 | Gold Physics 87000 76766 | Crick Biology 72000
45565 | Katz Comp. Sci. | 75000 10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000 58583 | Califieri History 62000
76543 | Singh Finance 80000 83821 | Brandt Comp. Sci. | 92000
76766 | Crick Biology 72000 15151 Mozart Music 40000
83821 | Brandt Comp. Sci. | 92000 33456 | Gold Physics 87000
98345 | Kim Elec. Eng. 80000 76543 | Singh Finance 80000
Instructor Instructor, unsorted
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Sets — duplicates

Tl:do,fk )

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

RDBMS and SQL

RDBMS-SQL, Lecture 3, 2 Sep 2026
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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 | D ‘ e | depirame | S |
from Comp.Sci. 10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
l 15151 Mozart Music 40000
W‘PM;W'-L] 22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
ﬁv\tl Win Cé gﬁ‘“"’l 45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
- 76543 | Singh Finance 80000
VI Pl«,s\ s 0~,’M& ‘h’“’" Mo | o066 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
Instructor
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Relational algebra — Examples

Instructor (ID,name,dept_name,salary)

m Find all faculty members from Physics who

1D name dept_name salar.
earn more than at least one faculty member | ‘ | z | g |

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

T 12121 | Wu Finance 90000

l,.” :ss 15151 Mozart Music 40000

L 22222 | Einstein Physics 95000

32343 | El Said History 60000

pursm A P\M‘ﬂos 33456 | Gold Physics 87000

) 45565 | Katz Comp. Sci. | 75000

58583 | Califieri History 62000

PWW ?/\ (,/9 76543 | Singh Finance 80000

76766 | Crick Biology 72000

83821 | Brandt Comp. Sci. | 92000

98345 | Kim Elec. Eng. 80000

Instructor
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Relational algebra — Examples

Instructor (ID,name,dept_name,salary)

m Find all faculty members from Physics who

1D name dept_name salar
earn more than at least one faculty member | ‘ | z | g |

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

T 12121 | Wu Finance 90000

Qd{) AOM 15151 Mozart Music 40000

22222 | Einstein Physics 95000

32343 | El Said History 60000

% C|n$hwj":’) N gT Uhs}rv.d'ﬂ) 33456 | Gold Physics 87000

“, :E1 <2 45565 | Katz Comp. Sci. | 75000

'I 58583 | Califieri History 62000

J [ 76543 | Singh Finance 80000

76766 | Crick Biology 72000

‘I1 ¢¢9e')hw < ‘N‘*‘—“d 83821 | Brandt Comp. Sci. | 92000

98345 | Kim Elec. Eng. 80000

qu L.']-W =(S
Instructor
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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 | D ‘ e | depirame | S |
Comp.Sci. 10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
('» 15151 | Mozart Music 40000
22222 | Einstein Physics 95000
T \, _ ? 32343 | El Said History 60000
% d“P - M 33456 | Gold Physics 87000
P 45565 | Katz Comp. Sci. | 75000
.‘,'bduvl” g 58583 | Califieri History 62000
_H 76543 | Singh Finance 80000
L, ¢¢b~\1 = T;_ Salouvl 76766 | Crick Biology | 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
Instructor
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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 | D ‘ e | depirame | S |
Comp.Sci. 10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 Mozart Music 40000
Vv, P CZV\GWJT") 22222 | Einstein Physics 95000
dqu\w c Mﬁ“ 32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
( (,Tb\ @ M g CD\Q’) 76543 | Singh Finance 80000
T‘ gI ¥V 76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
h" 98345 | Kim Elec. Eng. 80000

hsu/‘ Instructor

b selanq € e M5k salan
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Relational algebra — Examples

Instructor (ID,name,dept_name,salary)

m Find the faculty member(s) with the minimum

salary | D ‘ name | dept_name | salary |
10101 | Srinivasan | Comp. Sci. | 65000
M‘% N.l'ﬂ 12121 | Wu Finance 90000
15151 | Mozart Music 40000
T 22222 | Einstein Physics 95000
9&% Ovin 32343 | El Said History 60000
33456 | Gold Physics 87000
Ll,«' > %L}r g ,6' 45565 | Katz Comp. Sci. | 75000
% 58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
IV\S{/’\JJJV\\ \ NQ &,M Y;\. 83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
Instructor

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 2 Sep 2026 9/10



Relational algebra — Examples

Instructor (ID,name,dept _name,salary)

m Find the faculty member(s) with the maximum

. | D ‘ name | dept_name | salary |
salary, department-wise.
10101 | Srinivasan | Comp. Sci. | 65000
Mowc = lnebuun ™\ M({TMQ( 12121 | Wu Finance | 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
MW\A cs 33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
M PW 58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
“MF\% 83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
Instructor
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Relational algebra — Examples

family (ID,name,gender) .F.
parent (ID1,ID2) lbl o LPMM 13’2 E ¥ COA'A

m Compute the relation W algb‘rﬂ\ T

sister(ID1,ID2) — ID1 is a sister of

MLy recd
i)Y QIAJM—\ w F

W1, Tvg. thowe a tomnkt fM’

Fandy . W\

T To Vawz a2, i1, P102 7231 P2R2)
/
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Relational algebra — Examples

family (ID,name,gender)
parent (ID1,ID2)

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

e (o) ook ()
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Relational algebra — Examples

family (ID,name,gender)
parent (ID1,ID2)

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

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 3, 2 Sep 2026 10/ 10



Relational algebra — Examples

family (ID,name,gender)
parent (ID1,ID2)

m Can you compute ancestor (ID1,ID2)

" ge;r;:? Tt Q Ca‘ 112)

A
R(b)
“Tranerhve hosuns’ > R*(a,0)

R A R (k)
= R, )
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Relational algebra — Examples

family (ID,name,gender)
parent (ID1,ID2)

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

R(ﬂlﬂ) P-'LCO(M() dg SZ. R(ﬂl)i) A K,(_Z-, \'l>
V2

Fiest order ogic
Ve ke
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Relational algebra — Examples

family (ID,name,gender)
parent (ID1,ID2)

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

(bddz Tm Relabod  slgehor. = Fret-Oele Lge
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