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Loan-schema(loan-number , amount , branch-name)
Customer—schema( customer-name , customer-street ,customer—city)
Borrower-schema(customer-name, loan-number)
Employee-schema(employee-name , phone-number)
Loan-officer-schema( banker-name , customer-name , loan-number)
Depositor-schema(customer-name, account-number)
Account-schema(account-number , balance)
Branch-schema(branch-name , branch-city , assets)
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G condition(relation)
Loan-schema(loan-number , amount , branch-name)
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Selection PA?

e PR 8)liaJl
e Selects the records in relation R that satisfy a
predicate P
e Output relation has the same schema as its input
student
mmmm
Alice alicer34 2021
101 Bob bob5 CE 2020
102 Charlie  charlie7 cs 2021
103 David davel cs 2020

O major="cs'Student

Relational algebra

e There are 6 basic operators:
e Selection o

e Projectionm

e Renaming p

e Cartesian product x

e Set difference -

e Union U

The operators takes relations as input, and outputs a
relation

e Schemas of the input/output schema are fixed

e Operators can be composed
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101
102
103

student

Alice alicer34
Bob bob5
Charlie  charlie7
David davel

CE

QA

2021
2020
2021
2020

DAV Projection

dseol o TaR
6jliall

e Retains only the attributes A in the output (i.e., “filters”
on columns)
e Schema of the result is exactly A

Projection in relational algebra must eliminate
duplicates

d » In practice, no for using multi-set relational algebra,
Tmajor, ﬂdm_}rEﬂrsde”t adm_year

—)

CE
CS

2021
2020
2020

Inless requested by the user.
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PA‘V Cartesian product
deola Ry X Ry
8)Liall

e Concatenates every pair of tuples t1 € R1,t2 € R2 into a single tuple t € R1 x R2

e Output schema is the concatenation of the two input schemas

e There might be naming conflicts, use renaming operator to avoid that

student enroliment
mmmm sid | semester |cno |grade
100 Alice alicer34 2021 100 s22 562 2.0
101 Bob bob5 CE 2020 102 s22 562 2.3
102 Charlie  charlie7 cs 2021 100 f21 560 3.7
‘ student X enrollment
mmmmmmm
Alice  alicer34 2021

100 Alice  alicer34 cs 2021 102 522 562 2.3

100  Alice  alicer34 cs 2021 100 f21 560 3.7

101 Bob boh5 CE 2020 100 522 562 2.0

More results follows ......
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Union %‘\7

deol o
*RUR ool
e Union of two relations of the compatiblesschema———

) ) Same number of columns. The ith columns in both
e Qutput schema remains the same as inputs

relations have the same type for all i

student new_students
mmmm mmmm
100 Alice alicer34 2021 100 Alice alicer34 2021
101 Bob bob5 CE 2020 102 Charlie  charlie7 cs 2021
104 Carol carol20 () 2021
students U new_students ‘
mmmm

Alice alicer34 2021

101 Bob bob5 CE 2020

102 Charlie  charlie7 Ccs 2021

- 104 Carol carol20 (. 2021
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Other useful operators
* Set intersection: RNR' =R — (R —R'")

student new_students
FEET TR T | T TR E T
100 Alice alicer34 2021 100 Alice alicer34 2021
101 Bob bob5 CE 2020 102 Charlie  charlie7 (& 2021
104 Carol carol20 cs 2021

students N new_students '
gmmm

Alic alicer34 2021
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Employee (employee-name, street, city)

Ft-works(employee-name , branch-name , salary)
dlac a2 1A cpibs gall Jga il slaall an (5 5a B2a) 5 A83e 68y 3 Wil (il
employee fe- works : g’u-daj\ @Aﬂ‘

employee- i employee-

e e LA (bl el Aa g
Employee X ft-works

employee- city | branch- salary

name name

C1 Br1 500
C2  Br2 700
Ss (€3 Br1 1220
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Ph Compound operators

V' e Several useful compound operators
deols e Join X

ot e [nner join

e Natural join

e Outer join

Inner join e Set intersection N

e Division operator /
*Rxp R =0p(RXR")
« Selecting records that satisfy the predicate P from R X R’
* Most common special case is natural join

r __ I
R ™ R" = T myua(R") Ovaca(R)nA(R ):R.a=R".a (B X R)

A R : attributes of R

e The predicate P is implicitly equality between common attributes of R and R’

e Projecting to all unique attributes of R and R’ (only one copy for common attributes)
e Equi-join: P is conjunction of equality predicates

e Useful for denormalization
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Natural join
student S enrollment E
CNCTEISSSCTECTTTE T T
Alice alicer34 2021 100 s22 562 2.0
101 Bob bob5 CE 2020 102 s22 562 23
102 Charlie charlie7 cs 2021 100  f21 560 37

103 David davel CS 2020 ‘ 101 s21 560 3.3

SHWE= ES.sid.S.nﬂme,S.mgm,s.ma_jﬂr,!j‘.admygar,ﬁ'.smnester,ﬁ'.cﬂﬂ,E.gradeJS.siﬁ'=E.sid5 X E

mmmmmm

Alice alicer34 2021
100 Alice alicer34 () 2021 f21 560 3.7
101 Bob bob5 CE 2020 521 560 33
102  Charlie charlie7 () 2020 522 562 3.7
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Employee}@t-works F JalSl) s Al maeal) dlee D
74

e 8ol g Sl (AR el
name name ry AR, T
Employee ft-work
A S1 C1 Br1 ploy :Dq

500
A S1 C1 Br1 500

B

D S5 C3 Br1 1220

F Null Null Br3 2000 B S2 G1 Br2 700

C S4 C2 Null Null D S5 C3 Br 1220
C Sq C2 Null Null

Employee [ ft-works (il (o2 Al meall didee

Employee-name
A S1 C1 Br1 500

B S2 C1 Br2 700
D S5 C3 Br1 1220
F Null Null Br3 2000
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Outer join
student S enrollment E
mmmm sid | semester |cno |grade
Alice alicer34 2021 100 s22 562 2.0
101  Bob bob5 CE 2020 102 s22 562 2.3
102 Charlie charlie7 S 2021 100 f21 560 3.7

103 David davel cS 2020 ‘ 101 s21 560 3.3

S g sia=E.siaE

mmmmmmm

Alice alicer34 2021
100  Alice alicer34 (S 2021 100 f21 560 3.7
101  Bob bob5 CE 2020 101 s21 560 33
102  Charlie charlie7  CS 2020 102 522 562 2.3
103 David davel CS 2020 NULL NULL NULL NULL
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