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Relational Algebra & Calculus

@ Relational Algebra (2t Al CH =)

Algebra is a type of mathematics in which letters are used to represent
possible quantities.

Procedural language (&2 X} &1 1) : How

@ Relational Calculus (2t Hl ol &)

Calculus is a branch of advanced mathematics which deals with
variable quantities.

Nonprocedural language (Bl & Xt A ) : What
2 3ot= KBt J|=olH & 22 AHE EHO|
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Introduction of Relational Calculus

@ Relational calculus
an applied predicate calculus specially tailored to relational databases
first-order predicate calculus for query expression

@ Relational algebra vs. relational calculus
similarity
— a formal basis for the manipulative part

— ZHOOIH 222 ot H8 &Y
— precisely equivalent to one another
differences

relational algebra relational calculus
- a collection of explicit operations -a notation for formulating the

(Join, union, projection, etc) definition of the desired relation
-procedural (how) -descriptive, nonprocedural (what)
-1. join, 2. selection 3. projection -2ol= 8 2A0|cte At

. . .
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Introduction

@ Two kinds of relational calculus 140}

tuple
Tuple calculus (TRC: Tuple Relational Calculus)
— Tuple (range) variables: range over tuples

- N&= Ediojge et ESUE A FE = UAs B

& ==}
attribute

Domain calculus (DRC: Domain Relational Calculus)
— domain variables: range over domain elements ( = field values)

- NE= HECIFES ZHele e A gtits g2 2 Fote B

—  QBE(Query-By-Example)

@ Variable (4 =)
Hote == &= 80
N

PR Ol= e HEE X4

rol

. . .
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Tuple Variables and Qualified Attribute

@ Tuple Variables
NE= oo et EZLS 1= FHE =A==
£ = H==(tuple variable) &£ = & ¥ Y ==(range variable): t
H L[ Al (range formula) : R(t)

~t=RO EZ #%

R:t2 &H? dl0]& (range relation)

@ St&E OH &2l 7 E(qualified attribute) : t. A &= = t[A]

— O
- EZ B UHEIHE EZ9 0 (HERIRE A9 gt

— Student(s)
5.Sno

[ ] . .
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First-order Predicate Calculus

bool Predicate(int a)

@ Predicate (A=, =0, M= }) {
a function whose value is true or false |t (?;u?n&%rj; 10)
— a function that maps object arguments into TRUE or FALSE else
@ first-order predicate calculus return false;

}
forbid variables that represent predicates (i.e., objects only)

=2 =0t IHE WMl (222t A = =s=L0hH

QuantifierJt BH =0 88 & Z & 1] predicateLt &0 CHohN = I EE X £ S
— (Vx)P(x)

M=, & B & st8AHL =¢|H AZ N S22 14 =

SymbolZ =&

@ second-order 5= = higher order predicate calculus

permit variables that represent predicates Predicate( funci(b) )

7= 01 JF = O (predicate) & #+ A
— Fe=Cl= 212 HI=20IC (VP)P(X)

. . .
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Tuple Relational Calculus

@ 2 ot= €20l &= tuple calculus expression2 & & 2| &
ol - 1T jl =H bool Predicatelint a)
M 1 {
—_ = it (a>0a&a =< 10)
a Query {t | P(t) }O a 'H' a:| | return true;
P(t)= tuple variable t0fl CH St formula return false;
— Expressions in the calculus are called formulas
d Answer { t | Predicate(t) }

={1,2,3,4,5,6,7,8,9 }
the set of all tuples t for which the formula P(t) evaluates to TRUE

- et YoE St EY, POEDIE & U= AS HEtE
d Formula

Recursively defined (nested formula)

— Start with simple atomic formulas
— Get tuples from relations or making comparisons of values

— Build bigger and better formulas using the logical connectives (—, A, v, =)

a k[t %a=23mmf&m Department of Computer Engineering 8
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Formulas

@ Atomic formula, atomic expression, proposition (2 Al), atom
R(t)

t: F2 8=, R:t2 BR €d0l8

tAOUB
tu:E=H2 A B:t2tulll CHet et™ OHECIRE

0: 0l A= 4<,5>2)

ttAOc

A:EZ H=t0 O

Atom2| & U= Bt
@ A formula can be:

An atomic formula

—p,p/\q, pVgwhere pand q are formulas
(d t)P(t) where variable t is a tuple variable
(V' t)P(t) where variable t is a tuple variable

[ ] . .
a k[t 2EZOB AW Department of Computer Engineering 9
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Free and Bound Variables

@ Quantifiers (& & At)
VAR

Xl N 2k
S oo

KF(Universal quantifier) — “for all”

1 : &M & & AF(Existential quantifier) — “there exists”
@ Bound Variable (58 &=

Formulalf dx & VY xE

— cf.) bound variableO| Ot
SHCH( )2 LEZ NI U=

O t|:|J\)

@ Free Variable (Xt

Quantifiers (V and d)=
OHCH( )& 2 Z 0l =4

OFCH( | )2l 21 Z 0l QU= free variableO] 22l @ 2201 A

(V,3d) &™ ot

P Kit=ezesano

Kumaoh Mational Institwle of Ti rehnology

6#8}3
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iz ULCHH x= bound variable
L

St
=

281/, )/ 0 OF

TT — T

tuple variable

Eg=]
—/
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WFF: Well-Formed Formula

@ & A (WFF, Well-formed formula)
Atom, Boolean operator (A, V, =), quantifier (V,3)Jt TS 7+ 2
Ol Chet 2= A
2 = atomic formula(atom)= WFF
@ FJF WFFOI &, (F)2H —F& WFF
@ F2t GO WFFOI ™, FAG2t FVGS WFF
@ EE Y=t} free variableZ AFS & F(t)2F WFFO| &, WV t(F(t)) 2t
Ht(F(t)) WFF
® /e ARSI HE
WFF2| 0| Al
s.Sno = 100
c.Cno #e.Cno
s.Sno =e.Sno A e.Cno #c¢.Cno
(de)(e.Sno=s.Sno N e.Cho="C413%)

Ol

HA Et= 0 & A2 WFF

a K[t %a=23mmf&m Department of Computer Engineering 11
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Tuple Calculus Expression

= Target
g =4 list Ul
{ tlAl’ t2A2, ceey tn.An | F(tl’ ces tn, tn+1, ceey tn+m) } Q;EH§|U4%L§£|
t. ESHE == 0 A

— There is an important restriction =

— The variable t that appears to the left of ‘|” must be the only free variable in the formula P(t)
- =, tE Z = tuple variable=2 quantifierE A& &t bound variable O[O OF &

F(t,. .ot tese o ) G 2 E WRFFZ 24 = G A
Target list
— SH () & E0ll L2 qualified attribute S

— alist of “target items” separated by commas
— UH( ) 2ETH0 BME ZHS 2HEot
d example
{s.Sname | STUDENT(s) }
{s.Sname | STUDENT(s) As.Dept="2Z =E{" }
{s.Sname, s.Dept | STUDENT(s) A\ (= e)(ENROL(e) A\ s.Sno=e.Sno A e.Grade="A")}

rir

2t == F

. . .
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orthel 220

— T

LEZUMA
ol X
o1 ot

@ U= C4130 A &&E 0| ARl =] st =S E & Z A0t
{e.Sno | ENROL(e) A e.Cno='C413'A e.Grade="A'}
@ U= C413= SEct st 0|S Ut st E 25 ZAotet
{ s.Sname, s.Dept | STUDENT(s) A Je(ENROL(e
e.Cno="C413") } Ceol

AEZEH
=9SO OF

9 2= U=0l sS4 015= & F SM40otch

— O T

ol

N
>
w
W
-
o
1
@D
w
-
o
>

{ s.Sname | STUDENT(s) N (V¢)(Je)(COURSE(c) AENROL(e) A
e.Sno=s.Sno A e.Cno=c.Cno) }
@ U= C4130| S=otAl 2 =42 0|F dF & ZAotet
{s.Sname | STUDENT(s) N (— J¢e)(ENROL(e) A s.Sno=e.Sno A
e.Cnho=°C413’) }

a k[t %a=23mmf&m Department of Computer Engineering 13
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Domalin Relational Calculus

@ 2 ot= 20/ & = domain calculus expression@ 2 X & 6t= 2 E
@ Domain variable
ANE= OHECIFES CHele et AARE g2 Hote Ha

— HO A HEZIRE 0| &0 x 2 & xSno, xSname, ...
HRAAM S AESHH &H QI &
— STUDENT(xSno, xSname, xDept, xYear)
@ Atomic formula
D R(X{,Xo,...,X,)
— x;: E0IQ B2 R x2l range relation (2 < &dI0| &)
— <Xy Xp,.... X0l SHEOl= gte 2l AE= 08 R &2
@x0y
— X, y: SO 0 Hl W A= 4 <, <, >>)
@x0c¢
— X: WO Ha 0 bl AAKE ¢ xIt B E SHQ gHol A=
Atomic formula®l &3 Z = BtE Al E(True) &= H X! (False)

a k[t %a=23mmf&m Department of Computer Engineering 14
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Domain Calculus Expression

Target

J c%D:I /%l list WEF
{ Xl’X29' . ,Xn | F(le R 9anxn+19° o DXn+m) }
— X =0l

N F(Xl””’xn’xn+1)'"9Xn+m) : X|O'” [-_—H @ WFF

Target list
— S () & E 0l LI domain variableS
— () LEHN BME 4SS 2HE0t= domain gL 2 BH= U X
= tuple
example
@ { xSname | STUDENT(xSno, xSname, xYear, xDept)}
@ { xSname | (3 xDept)(STUDENT(xSno, xSname, xYear, xDept) N
xDept="Z FH") }
3 { xSno, xDept | STUDENT(xSno, xSname, xYear, xDept) A

(3 xxSno)( d xGrade)(ENROL(xxSno, xCno, xGrade, xMidterm, xFinal)
A XSno=xxSno A xGrade="A*) }

[ ] . .
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— AL —
===

LEZA
el = A AHO
LEZNAM ANEEH
—_— _ — = o = Ey= ey Y
@ 2FTES 3452 0|22 A5 2L, wava  sudon

— o

{xSname | (dxYear)(dxDept)(STUDENT(xSno, xSname, xYear, xDept) A
xYear >3 A xDept="& =E') }

==}

@ U= CA130IM 4 H0| AQl eto stH=E 2

{ xSno | (3 xCno)( 3 xGrade)(ENROL (xSno, xCno, xGrade, xMidterm, xFinal)
A XCno= ‘C413> N xGrade=‘A’) }
@ J|IZ A0/ 908 0| &l stof st 0| S= M0

{xSno,xSname | (STUDENT (xSno,xSname,xYear,xDept) A
(3 xFinal)( 9 xxSno) (ENROL (xxSno, XCno, xGrade, xMidterm, xFinal) /A
XxSno=xxSno A xFinal >90) }

@ 1= C3240 s=othl = stdie 0|5= EH40

L= o o= DﬁOl‘E’J'
{ xSname | (3 xSno)((STUDENT(xSname, xSno, xYear, xDept) A (— 3 xxSno)

(3 xCno) (ENROL(xxSno, xCno, xGrade, xMidterm, xFinal) /A xSno=xxSno
A xCno='C324")) }

a !gi:tiﬂ%ﬂﬁﬂlfﬂqm
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