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e relational model

A Relational Model of Data for U
WV

Large Shared Data Banks wversal
Wl

E. F. Copp
IBM Research Laboratory, San Jose, California

Future users of large data banks must be protected from
having to know how the data is organized in the machine (the
internal representation). A prompting service which supplies
such information is not a satisfactory solution. Activities of users
at terminals and most application programs should remain
unaffected when the internal representation of data is changed
and even when some aspects of the external representation
are changed. Changes in data representation will often be
needed as a result of changes in query, update, and report
traffic and natural growth in the types of stored information.
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The relational model

m All information is in tables (relations)

| ID | name dept_name ‘ salary | course_id | title dept_name ‘ credits I
10101 | Srinivasan | Comp. Sci. | 65000 BIO-101 | Intro. to Biology Biology 4
12121 | Wu Finance 90000 BIO-301 | Genetics Biology 4
15151 Mozart Music 40000 BIO-399 | Computational Biology Biology 3
22222 | Einstein Physics 95000 CS-101 Intro. to Computer Science | Comp. Sci. 4
32343 | El Said History 60000 CS-190 Game Design Comp. Sci. 4
33456 | Gold Physics 87000 CS-315 | Robotics Comp. Sci. | 3
45565 | Katz Comp. Sci. | 75000 CS-319 Image Processing Comp. Sci. 3
58583 | Califieri History 62000 CS-347 Database System Concepts | Comp. Sci. 3
76543 | Singh Finance 80000 EE-181 Intro. to Digital Systems Elec. Eng. 3
76766 | Crick Biology 72000 FIN-201 | Investment Banking Finance 3
83821 | Brandt Comp. Sci. | 92000 HIS-351 World History History 3
98345 | Kim Elec. Eng 80000 MU-199 | Music Video Production Music 3

— PHY-101 | Physical Principles Physics 4
Instructor
Course
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The relational model

m All information is in tables (relations)

m How do we represent interrelationships — teaching allocation, prerequisites,

timet n - \
— M
{ i course-idl)| secid | semester | year D name deprramel \Ralary courseid | title deptname | credits
10101 | Srinivasan | Comp. Sci. | 65000 Y -

b d 0 | e | 00 o | [ | 2
10101 | CS-315 1 Spring 2018 15151 | Mozart Music 40000 BIO-399 | Computational Biology Biology 3
10101 | CS-347 1 Fall 2017 22222 | Einstein Physics 95000 CS$-101 | Intro. to Computer Science | Comp. Sci. 4
12121 FIN-201 1 Spring 2018 32343 | El Said History 60000 CS-190 Game Design Comp. Sci. 4

" 33456 | Gold Physi 87000 CS-315 Robotics Comp. Sci. 3
15151 | MU-199 1 Spring | 2018 45565 K:xz Coy,:l:_ssci_ 75000 CS319 | Image Processing Comp. Sci. | 3
22222 | PHY-101 1 FallA 2017 58583 | Califieri History 62000 (E:ES?;}Z Ee:::b?iensiyg;\tl:rz;?:;ipts glixrpésgcn. ;
42343 | HIS:351 1 Spr?"g 2018 76543 | Singh Finance 80000 FIN201 | Investment Banking | Finance 3
45565 | CS-101 1 Spring 2018 76766 | Crick Biology 72000 HIS351 | World History History 3
45565 | CS-319 1 Spring 2018 83821 | Brandt Comp. Sci. | 92000 MU-199 | Music Video Production | Music 3

98345 | Kim Elec. Eng. | 80000 PHY-101 | Physical Principles Physics 4
76766 | BIO-101 1 Summer | 2017 L
76766 | BIO-301 1 Summer | 2018 I C
83821 | CS-190 1| Spring | 2017 nstructor ourse
83821 | CS-190 2 Spring 2017
83821 | CS-319 2 Spring 2018
98345 | EE-181 1 Spring 2017
Teaches
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The relational model

m All information is in tables (relations)

m How do we represent inte ionships — teaching allocation, prerequisites,

timetable co

course_id 1 title dept_name ‘ credits I

BTO301 | BIO-01 BIO-101 | Intro. to Biology Biology 4
BIO-399 BIO-101 BIO-301 Genetics Biology 4
BIO-399 | Computational Biology Biology 3

Cs-190 Cs-101 CS-101 Intro. to Computer Science | Comp. Sci. 4
CS:315 | CS-101 CS190 | Game Design Comp. Sci. | 4
CS-319 CS-101 CS-315 | Robotics Comp. Sci. 3
CS-347 CS-101 CS-319 Image Processing Comp. Sci. 3
EE-181 PHY-101 CS-347 Database System Concepts | Comp. Sci. 3
EE-181 Intro. to Digital Systems Elec. Eng. 3

Pre requ Isites FIN-201 Investment Banking Finance 3
HIS-351 World History History 3

MU-199 | Music Video Production Music 3

PHY-101 | Physical Principles Physics 4

Course
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Relations

m Tables have fixed structure — relatio M'A‘L

$.¥S. ¥ 53 R SQ

| 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
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Relations

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 All information is stored as tables

(relations)

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
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m All information is stored as tables

(relations)

m Mechanism for working with tables

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
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m All information is stored as tables | i ‘ il deprname ‘ Galiild |
(relations) 10101 | Srinivasan [ Comp. Sci. | 65000
. . . 12121 | Wu Finance 90000
Mech f k th tabl
= iechanism for working with Fabies 5151 | Mozart | Music 40000
m Describing table structure (schema) 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 2, 21 Aug 2025

6/

The relational model

12



m All information is stored as tables | D ‘ iailluc deptiame ‘ saary |
(relations) 10101 | Srinivasan [ Comp. Sci. | 65000
. . . 12121 | Wu Finance 90000
Mech f k th tabl
= fMiechanism for working With tables 15151 | Mozart | Music 40000
m Describing table structure (schema) 22222 | Einstein Physics 95000
m Additions, deletions, modifications 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 All information is stored as tables | i ‘ il deprname ‘ Galiild |
(relations) 10101 | Srinivasan | Comp. Sci. | 65000
. . . 12121 | Wu Finance 90000
Mech f k th tabl
= fMiechanism for working With tables 15151 | Mozart | Music 40000
m Describing table structure (schema) 22222 | Einstein Physics 95000
m Additions, deletions, modifications 32343 El Said History 60000
m Extracting useful information 33456 | Gold Physics 87000
(querying) 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 All information is stored as tables | ol ‘ il depiname ‘ Ll |
(relations) 10101 | Srinivasan | Comp. Sci. | 65000
. . . 12121 | Wu Finance 90000
Mech f k th tabl
= fMiechanism for working With tables 15151 | Mozart | Music 40000
m Describing table structure (schema) 22222 | Einstein Physics 95000
m Additions, deletions, modifications 32343 El Said History 60000
m Extracting useful information 33456 | Gold Physics 87000
(querying) 45565 | Katz Comp. Sci. | 75000
m Initially, focus on abstract query 58583 | Califieri History 62000
language 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 — select and project

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

\‘h\go | Md“

Sdeck wus huk ohefy
A onghaank

Tw wdihion, (Yd shr
wsuachr)

ro\q;h,nm = ?k1£\'d Q
A@ .m.la,ﬁ? 90000

I ID ‘ name | dept_name ‘ salary |
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | ETsara THSTOrY 60000
33456 | Gold Physics X.87000
45565 | Katz omp. 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

RDBMS and SQL

RDBMS-SQL, Lecture 2, 21 Aug 2025 7/

12



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
22222 || Einstein Physics 95000
32343 | El Said History 60000
'lE ( 'V\mo""f) 33456 Gold Physics 87000
NoMme 45565|| Katz Comp. Sci. | 75000
58583|| Califieri History 62000
76543 \| Singh Finance 80000
TG ( . 76766 \| Crick Biology 72000
rda*.w 83821 | Brandt Comp. Sci. | 92000
Cold, Lol -- tlle ) 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

T
I%ist names)of(nstructors from Physics
epartment with salary above 90,000) @~

Frst M,M W

1% rhp\'.m.c. : Pkls'.q Q"‘sh')>
-

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

VM:“ QBML’ )

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

Tidday | gt Q“‘"’))

qua “';"‘“

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

Yo, AO,,(() = Yo, Q-on (”D
> Vg, (F0.00)

= T%,A 9" (,f)

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

*y_— ==

m List instructors from Physics ’ 1D ’ name | dept_name ‘ salary |
department with salary above 90,000 10101 || Srinivasn | Comp. Sci. | 65000
m List names of instructors 12121 | Wu Finance 90000
15151 |\ Mozart Music 40000
m List names of instructors from Physics 22222 TSt Physics 95000
department with salary above 90,000 37343 1 Said History 60000
NALAL Physics 87000

45565 Comp. Sci. | 75000
SM i PVQ‘a.t' L 8583 62000
6543 f Finance 80000
76766 rick Biology 72000
83821 randt Comp. Sci. | 92000
98345 im Elec. Eng. 80000
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Relational algebra — join

m List details of

’ 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

lwe\vwdor

semester

10101
10101
10101
12121
15151
22222
32343
45565
45565
76766
76766
83821
83821
83821
98345

CS-347
FIN-201
MU-199
PHY-101
HIS-351
CS-101
CS-319
BIO-101
BIO-301
CS-190
CS-190
CS-319
EE-181

—_ R N e b b e e e e e

Fall
Spring
Fall
Spring
Spring
Fall
Spring
Spring
Spring
Summer
Summer
Spring
Spring
Spring
Spring

2017
2018
2017
2018
2018
2017
2018
2018
2018
2017
2018
2017
2017
2018
2017

Teaches
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Relational algebra — join

m Instructor x Teaches
P

nstructorD 4 name dept_name | salaryQ teaches.ID }| course_id | sec_id | semester | year
“TOTOT | Srinivasan| Comp. Sci. | 65000 | —rewe#? | CS-101 1 [Fan 2017| V'
10101 [ Srinivasan| Comp. Sci. | 65000 | 10101 [C8-315 1 [spring [2018]y/
10101 [ Srinivasan| Comp. Sci. | 65000 | 10101 [C8-347 1 [Fal 2017/
)4 10101 | Srinivasan| Comp. Sci. | 65000 | @Q121) [FIN-201 | 1 |Spring [2018] %0
TOT01 | Srinivasan| Comp. Sci. | 65000 [ 15151 |MU-199 | 1 |Spring |2018
10101 [ Srinivasan| Comp. Sei. | 65000 [ 22222 [pPHY-101| 1 |Fall 2017 Z:
12121 |Wu Finance | 90000 | 10101 | CS-101 1| Fall 2017 |
12121 |Wu Finance | 90000 | 10101 | CS-315 1 |Spring [2018] %W
12 Wu Finance | 90000 | 10191 |cC8-347 1 |Fall 20173
12121 u Finance | 90000 | (12121 JFIN-201 | 1 |Spring |2018]|4/”
T (wu Finance | 90000 | ST |MU-199 | 1 |Spring |2018
12121 |Wu Finance | 90000 | 22222 |PHY-101| 1 |Fall 2017
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Relational algebra — join

f-i\ (o3 |nstmctor ID = teaches.ID (Instructor x Teaches)) C,v'p;g ?f‘u 4+ S'e\ﬂ'
A

—_—

\ InstructorID | name dept_name | salary Neaches.ID course_id | sec_id | semester | year

10101 Srinivasan| Comp. Sci. | 65000 10101 CS-101 Fall 2017
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-315 Spring [ 2018
10101 Srinivasan | Comp. Sci. | 65000 10101 CS-347 Fall 2017

12121 Wu Finance 90000 12121 FIN-201 Spring | 2018
15151 Mozart Music 40000 15151 MU-199 Spring | 2018
22222 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 720000 76766 | B1O-301
83821 [Brandt | Comp.Sci. | 92000f] 83821 [cs190
83821 |Brandt | Comp.Sci. | 92000f| 83821 [cs-190
83821  |Brandt | Comp.Sci. | 92000f] 83821 |cCs-319

‘ 98345 Kim Elec. Eng. 80000|| 98345 | EE-181

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

o R NN I I e e e e e e e e e
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Relational algebra — join

= Instruct structor.ID — teaches.ID leaches — cartesian project with select

Bowrife
InstructorID | name dept_name | salary |teaches.ID | course_id | sec_id | semester | year
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-101 Fall 2017
10101 | Srinivasan| Comp. Sci. | 65000 | 10101 | CS-315 Spring | 2018| ¥ N [pd
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-347 Fall 2017 ' e Z
12121 Wu Finance 90000 12121 FIN-201 Spring | 2018 1‘
15151 Mozart | Music 40000 15151 MU-199 Spring | 2018 C '

Fall 2017
Spring | 2018
Spring | 2018 jop= ( ')
Spring | 2018| @ IR LY

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

22222 Einstein | Physics 95000 22222 | PHY-101
32343 ElSaid | History 60000 32343 | HIS-351
45565 Katz Comp. Sci. [ 75000 45565 | CS-101
45565 Katz Comp. Sci. | 75000 45565 | CS-319
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

— oo ===~~~ |~=|~=]~=|~=|~=|~]
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Relational algebra — join

m Find all taxpayers from Chennai with annual income over Rs 1 cr

VOl'br DD (l-pv}

Mo Drst] L Voted 14 r™
Z &Voh{v nawe = Tas A
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