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The main application of relational
algebra is to provide a theoretical
foundation for RDBMS, particularly

query languages for such databases,
chief among which is SQL.

Edgar Frank Codd proposed such an
algebra as a basis for database query
languages at 1970.

1st Query Language was ALPHA
(developed by Dr. Codd, but never implemented)

Then QUEL for Ingres then POSTQUEL and finally SQL



retrieve (s.all)
where s.state = "FL" Q U E L
-~

SELECT *

SQ L FROM student

WHERE state = 'FL



range of s is student

append to s

(hame = "lvan”, age = 17, QU EL
sex = "'m", state = "FL")

~

INSERT INTO student

SQ L (hame, age, sex, state)

VALUES ('lvan', 17, 'm', 'FL')



delete s where
s.name="lvan" Q U E L

SQL DELETE FROM student
WHERE name='lvan’



replace s
(age=s.age+1) Q U E L

UPDATE student
SQ L SET age=age+1



range of e is EMPLOYEE retrieve into

(COMP = e.Salary / (e.Age - 18)) Q U E L

where e.Name = "Jones"

CREATE TABLE W AS

SQ L SELECT (e.salary / (e.age - 18)) AS comp
FROM employee AS e

WHERE e.name = 'dJones’



e Selection (Restriction)

* Projection

e Cartesian Product ~ cross join
e Union

e Difference

e Rename



Developer (dID, dName, dCntProjects, dAvgPoint)
Project (pName, pManagerName, pPriority)

Apply (dID, pName, pPercentUsage)

Developer

dAvgPoint

PercentUsage

Project

OPriority




Selection (restriction)

0a05(R)

A, B are attribute names

@ is a binary operation in the set
< % < b — b # b > % Z

R is a relation
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Generalized Selection




6dAng0int>4.G’v A dCntProjects=3 (D EVEZOP er )

6dAng0int>4.O AND /dCntProjects=3 (D 6\/610]? er )



Developer

diD dName antProlects dAvgPoint
"""" { Nan 3 5
"""" > Petr 2 35
"""" 3 Nan 5 5

0dAng0int>4.O AND dCntProjects=3 (D evel oper )

dID dName antPFOJeC dAngomt




Project

pName pManagerNam pPriority

Project #1  Ivanlvanov  high
:roect#zvervetrov """""""""""""" middle
Project #3 Sergey vanov ow

6pManagerName="Ivan Ivanov" OR pManagerName="Petr Petrov" (P roject )

pName pManagerNam pPriority

Project #25 Petr Petrov middle




0,(R) = 040,4(R)

SELECT * SELECT *

FROM R FROM R
WHERE A =1 WHERE A =1
AND

A=1



0,0p(R) = 6504(R)

SELECT *
FROM R
WHERE A =1
AND
B=1

SELECT *
FROM R
WHERE B = 1
AND
A=1



osng(R) = 04(0p(R))

SELECT *
SELECT * FROM
SELECT *
FROM R
WHERE A = 1 FROM R
el WHERE A = 1
B =1

WHERE B = 1



osng(R) = 0p(04(R))

SELECT *
SELECT * FROM
SELECT *
FROM R
WHERE A = 1 FROM R
el WHERE B = 1
B =1

WHERE A =1



Projection

”Al,...,An(R)

A, ..., A, are attribute names

R is a relation



Tiname (Developer)

relations

J
R aName, 2*dCntProjects ( . 610)
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Developer

diD dName antProlects dAvgPoint
"""" { Nan 3 5
"""" > Petr 2 35
"""" 3 Nan 5 5




Developer

diD dName antProlects dAvgPoint
"""" { Nan 3 5
"""" > Petr 2 35
"""" 3 Nan 5 5

T aName, 2*dCntProjects (D 6V€lOp er )

dName 2*antPr01ects

________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________







ﬂal ..... an(GA(R)) = GA(ﬂal ..... an(R))

SELECT *
SELECT A,B,C FROM
FROM R SELECT A,B, C
WHERE A =1 FROM R
AND WHERE A =1
B=1 AND

B=1



.....

(a,,....,a} C {by,....b )
SELECT A, B
SELECTA,B, C FROM
FROM R SELECT A, B, C

FROM R
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. (Developer X Project X Apply)

naming
anomaly

diD dName antPro;ects dAngomt

__________________________________________________________________________________________________________________

..................................................................................................................

pName pManagerName pPrlorlty

...................................................................................................................

Project #1 lvan lvanov high

..................................................................................................................

2 Project #1 100 %




. (Developer X Project X Apply)

- haming
-~ anomaly

FROM Deveop’er ]
CROSS JOIN Project
CROSS JOIN Apply



Rename

PA| g(R)
pA—)B(R)

A, B are attribute names
R is a relation

A — Bor(A|B) is renaming



Developer

diD dName antProlects dAvgPoint

________ 1'Va”35
________ 2 Peter 2 85
3 lvan 5 5




TL: (DEVEZOPBI” X PTOjBCt X PdID|aID, pNamelaName(Apply))

diD dName antPro;ects dAngomt

..................................................................................................................

..................................................................................................................

pName pManagerName pPrlorlty

no naming
anomaly 7 logea#t  henvenor | hon

..................................................................................................................

2 Project #1 100 %




SELECTAAS A 1,
B AS B_2,
C AS C_NEW
FROM R



SELECT AAS A_1,
B AS B_2,
CAS C NEW
FROM(R AS R_NEW



Union

T, U T (S)

”1

r;, S; are attribute names

R, S are relations



Taname(Developer) U m .. (Project)

Name
dName
""""""""""""""""" van
""""""""""""""""" poter
naming
anOmaly - » pName ____________________________
Project #1

Project #1




ﬂdName(Developer) U ppName\dName(PVOjeCt)

dName

A van

A Peter """"""""""""""""

no naming ‘ UJ

anomaly - _ dName A /
Project #1
dName

I van \ S

i Peter

Project #1




SELECT A,
B
FROM R
UNION
SELECT A,
CASB
FROM S



Difference

T BN T (S)

”1

r;, S; are attribute names

R, S are relations



7. (Developer) \ n,r, (Project)




7.in (Developer) \ r;;, (Project)



SELECT A,
B
FROM R
MINUS
SELECT A,
CASB
FROM S



SELECT A,
B
FROM R
EXCEPT
SELECT A,
CASB
FROM S



Intersection

e () 0w (S)

”1

r;, S; are attribute names

R, S are relations



. (Developer) N m i (Project)




. (Developer) N m i (Project)




SELECT A,
B
FROM R
INTERSECT
SELECT A,
CASB
FROM S



e Natural Join

e { - Join

e Semijoin

e Antijoin (~ semidifference)
e Division

o | eft/Right/Full Outer Joins



Natural Join

R X S

R, S are relations

The result Is a set of combinations of tuples

between R and S using equal
common attribute names






. (Developer X Project X Apply)

diD dName dCntProjects dAvgPoint

__________________________________________________________________________________________________________________

1Ivan 3 O N

__________________________________________________________________________________________________________________

pName épManagerNameépPriority l l

Project #1 van lvanov | high

diD pName aPercentUsage

__________________________________________________________________________________________________________________

2 Project #1 100 %

dIDédNameéantProjectsé dAngointé pName épManagerg
| 5 | | ~ Name Usage

...................................................................................................................................................................................................................................................

2 Peter 2 35  Project#1 Ilvanlvanov  high 100 %




r. (Developer X Project X Apply)

T (GdIDzaID/\pNamezaName(D 6V€lOp er X

iject X deD\aID, pName\aName(Apply)))



A B
_________ 11
_________ e
_________ .

.........................................

no attributes with similar names
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SELECT R.A,
S.B

FROM RINATURAL JOIN)S

!

X<




SELECT R.A,
S.B
FROM RCCROSS JOIN'S

NHERE R.A = S.A AND~, .
R.B=S.B |

o



R, S are relations

@ is a binary operation in the set
<, < ,=,#,>,2

A, B - attribute names






T (P r Oj ect [X]pPriOrityz’high’ (App ly ))

pName pManagerName pPrlorlty
JJ ----------------------------- [ ] [ ] , ([ J ,
Project #1.  vanlvanov  high [::]meorlty: high
diD pName aPercentUsage
2 Project #1 100 %
diD pName pManagerName pPriority aPercentUsage
2

Project#1 = lvanlvanov high 100 %




SELECT R.A,

FROM R NATURAL JOIN
HERE R.C =123




Semijoin

R, S are relations



. (Developer X Apply)

diD dName dCntProjects dAvgPoint

__________________________________________________________________________________________________________________________________

1§Ivan§ 3 5 D<

diD pName aPercentUsage

.............................................................................................................

2 Project #1 | 100 %




r. (Developer X Apply)

diD dName dCntProjects dAvgPoint

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

X

diD pName aPercentUsage

_________________________________

2 Project #1 | 100 %

____________________________________________________________________________

2 éProject #1

_____________________________________________________________________________________________________________

100 %




SELECT *

FRO
WH ER ELECT A

FROM S)




SELECT *
FROMR
WHERE EXISTS(SELECT A
FROM S
WHERE S.A = R.A)



SELECT *

FRO
WH ER ELECT A

FROM R)




SELECT *
FROM'S
WHERE EXISTS(SELECT A
FROM R
WHERE S.A = R.A)



Antijoin (~ semidifference)

R[> S

R, S are relations

R[>S = R\(R X S)



n+ (Developer [> Apply)

diD dName dCntProjects dAvgPoint

1 van 3 5 D
2 Peter 2 3,5
diD pName

2 éProject #1

aPercentUsage

_____________________________________________________________________________________________________________

100 %

diD  dName  dCntProjects dAvgPoint




SELECT *

WH ER'SELECT A

FROM R)



SELECT *
FROM'R
WHERE.NOT EXISTS/SELECT A
FROM S
WHERE S.A = R.A)



Left / Right joins

RIS
R XS

R, S are relations



TTs (Developer X Apply)

diD dName dCntProjects dAvgPoint

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

lvan 3 5 N

diD pName aPercentUsage

.............................................................................................................

2 Project #1 100 %

diD édName dCntProjects édAngointé pName éaPercentUsage

______________________________________________________________________________________________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________________________________________________________________________

2 Peter | 2 35  Project#1 100 %




TTs (Developer [ Apply)

diD dName dCntProjects dAvgPoint

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________

______________________________________________________________________________________________________________

3 Project #3 75 %

diD dName dCntProjects dAngointé pName aPercentUsage

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________

w
U
PR
QO.
®
O
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H=
\l
O
X

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2 Peter 2 35  Project #1 100 %







A=R.B

SELECT *
FROM(S RIGHT JOIN R ON




Full join

RIS

R, S are relations

RS =(RMXLSUMRINS)



TTs (Developer X Apply)

diD dName dCntProjects dAvgPoint

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________

..............................................................................................................

3 Project #3 75 %

diD dName antProlects dAngomt pName éaPercentUsage

_______________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________

3 @ @ @ ) Poect#3 75 %




SELECT *



R=S

Division

R, S are relations
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SELECT *

>
O
-
Th



duplicate-elimination
aggregation operators
grouping operator
extended projection
sorting operator



Duplicate Elimination

O(R)

A B
1 1 |
..................................................................... A B
2 i
S 1 1
— 3 2 i A @ ER
R=  ° 2 SRY="
1 1 AR
"""""""""""""""""" 3 2
1 1
3 2




Aggregation Operators

A B
"""""""" I
"""""""" R
________________ e

SUM(B) = 1+2+2 =5
AVG(A) = (1+1+3)/3
MIN(A) = 1

MAX(B) = 2
COUNT(A) = 3



Grouping Operator

VL(R )
A B
R
R=
B
= |

YA(R) =




pA, count(B) |cnt, min(B) \min(yA, count(B), min(B)(R))

A B
________________ 11 A cnt = min
_________ 121
R = e N

..............................................................




Extended Projection

X,y are attributes

X =y
A B
""""""" I
""""""" 2
R= 3 2
""""""" 1
""""""" 1
""""""" 5 2

ﬂA,A +B >C(R)

A C
______________ 12
______________ 13
.............. 35
______________ 12
______________ 12

_______________________________________________________________




|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sorting Operator
74 g(R)

TL(R )




Datalog (database logic)

Relational Algebra Datalog

R R

Relation with attributes

Atom with attributes
R(A,B, C) :

R(A, B, C)




Atom R(A, B, C, D) = TRUE
f(A,B,C,D) € R

A B R(1,2) = TRUE

___________________________________________________

R= 1 2 R(3,4) = TRUE

___________________________________________________

5 4 R(3.5) = FALSE




R = ﬂdlD,dName(GdAngointzéLO (D 6V€lOp er ))

R(a’ldn)‘ — Developer(dz dndcda) AND da 4

datalog rule



Datalog query

]TdID,dName(GdAngoint>4.O (D 6V€lOp er ) M 6antPr0jects=3 (D 6V€lOp er ))

W(di, dn, dc,da) < Developer(di, dn, dc,da) AND da > 4.0
X(di,dn,dc,da) < Developer(di,dn, dc,da) AND dc = 3
Y(di, dn,dc,da) < W(di,dn,dc,da) AND X(di, dn, dc, da)
Answer(di,dn) < Y(di, dn, dc,da)

s W o~



Path(X,Y) « Edge(X,Y)
Path(X,Y) « Edge(X,Z) AND Path(Z,Y)



ﬂpID, pName

6dAng0int24.O O Cnt Projects=3

Developer Deveoper



&3

Why do we need
“Relational Algebra”

h
o




gz

[FQ_Temp_1]

logical-query

aggregate

<)

g2

[FQ_Temp_3]

E=2

[FQ_Temp_2]

runquery

>

[FQ_Temp_1]
tmp

runquery

©

logical-query

select

Y

project

g=z

[public].[fligh..

[FQ_Temp_2]
tmp

runquery

©

logical-query

select

Y

project

g=2

[public].[airli..

title: ID: 35821 - Key: federate-query
po[n]alel

[FQ_Temp_3]
tmp

runquery

®

logical-query

select

Y

g=2

[public]. [state..



COMMIT;




