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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 (& Xt &1 1) : How

@ Relational Calculus (2 Al ol &)

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

Nonprocedural language (Bl & Xt A ) : What
2 J0ot= X8 J[=0lH & 22 AtE H 0|
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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

- A OO 282 Hék HE 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 EII 2A0|cts HoH A A

. . .
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Introduction

@ Two kinds of relational calculus

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

- NEE 2diolE et FSUS AU FHE = U= 8=

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

- NI HECIFES helef e &4 gtet=s gt Fot= B

—  QBE(Query-By-Example)

a hlqt_ﬁaaﬂammqm Department of Computer Engineering 5
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Tuple Variables and Qualified Attribute

@ Tuple Variables
NE= dol@e et £E2CE AL FH = A=8H=>
£ = B =(tuple variable) &&= & 2| ¥ ==(range variable): t
H 2| Al (range formula) : R(t)

-tcRAFESHB=+

R:t2 &2 &dl0l& (range relation)

H il

@ StH O E 2| R E(qualified attribute) : t. A &= = t[A]

'S
E=Hatl LEtUH=E &322 U OHECIRE A%l gt

I i — N U [

— Student(s)
5.5no

[ ] . .
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First-order Predicate Calculus

bool Predicate(int a)

@ Predicate (A=, =01, A=0H) {
a function whose value is true or false it [?eft}u?n&%rief 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 =0HIIHE WA (2debHlA=e ==

QuantifierJt B =0 8t & Z & 1) predicateLt &0l HoHN = SIS EH XA LS
- (VX)P(x)
M=o, &, B A SHEX =28 JZ2 S22 24E

SymbolZ E&
@ second-order &t = higher order predicate calculus
permit variables that represent predicates Predicate( funcl(b) )
=0 It =W (predicate) 2 -4
- JSeles 22 42010, (VP)P(X)

i -
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Tuple Relational Calculus

@ 2 ot= €d0|& = tuple calculus expression2 &2 & 2| &
o| — Ejl bool Predicate(int a
A= H f

—_ — iT (a>08&%a<10)

a Query : { t | P(t) }O a 'H' a:l | return true;

P(t)= tuple variable t0il CHSt formula return false;

— Expressions in the calculus are called formulas

{ t | Predicate(t) }
Jd Answer ={1,23,4567.8.09 }

the set of all tuples t for which the formula P(t) evaluates to TRUE

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 Mt aa=ﬂamtnqm Department of Computer Engineering 8
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Formulas

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

t: &= B, R:t2 HR 20lE

t.AOuB

tu:E2 Ha A B t2hulll Gist 8t OHECIRE

0:8lw HAAMRI(= 4 < < >>

ttAOc

A:EZ BH=10 LHE

AtomS| Z ill= Bt=
@ A formula can be:

An atomic formula

—p,p/\q, pVgwhere pand qare formulas

(d t)P(t) where variable t is a tuple variable
(VY t)P(t) where variable t is a tuple variable

[ ] . .
a Iqt e Ll e | Department of Computer Engineering 9
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Free and Bound Variables

@ Quantifiers (& & Xl

Vv o 8 & A&k XH(Universal quantifier) — “for all”

3 : =M 8 & XH(Existential quantifier) — “there exists”
@ Bound Variable (58 H =

FormulaOil Ix & VYxE Z&ol1] UACHH x= bound variable
— cf.) bound variableO| Ot 2 2 free variable
@ Free Variable (AI57 B 2)
Quantifiers (V and 4)2 et& &l X| &= tuple variable

[ ] . .
a Iqt ﬁaagamtnqm Department of Computer Engineering 10
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WEFF: Well-Formed Formula

@ &= A (WFF, Well-formed formula)
Atom, Boolean operator (A, V, =), quantifier (V,3)2t C+S =
Of ek 2= A
&2 = atomic formula(atom)= WFF
@ FJ} WFFOI &H, (F)2F —-F&= WFF
@ F2t GOt WFFOIH, FAGRH FVGSE WFF
@ EZ B 2= tJ} free variableZ AFE S F(t)F WFFOI H, W t(F(t)) 2t
3 t(F(t)) = WFF
® o AHHE Bt 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.Cno ='C413%)

HA Et=S & A2 WFF

(@]l

[ ] . .
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Tuple Calculus Expression

@ A e
{t,. A, LA, ..., LA | F(t, ...ttt o tem) }

— 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)
- =, & 2= tuple variable= 2 quantifierE AFE St bound variable 0] 01 OF &

F(t,...,t b et O S 2HE WRFFZ 2215 EA
Target list

— SO () 2Bl L2 qualified attributeS
— alist of “target items” separated by commas

- GO )LEHN BME H= 2S5t 22 == &
@ example
{s.Sname | STUDENT(s) }
{s.Sname | STUDENT(s) As.Dept="2Z3 =&’ }
{s.Sname, s.Dept | STUDENT(s) A\ ( 3 e)(ENROL(e) A s.Sno=e.Sno A e.Grade="A")}

. . .
a htﬁﬂ%ﬂ!ﬁﬂlmqm Department of Computer Engineering 12

natituie of Technology


http://www.kumoh.ac.kr/index.html

Ol Al

L

@ U= C4130I A & &0 ARl st 2| st
{e.Sno | ENROL(e) A e.Cno='C413'A e.Grade="A"'}
@ J=C413= St st 0|S Ut st E 25 ZAotet
{ s.Sname, s.Dept | STUDENT(s) A Je(ENROL(e) A s.Sno=e.Sno A
e.Cno='C413") }

@ 2= =0 =sSet St 0|55 8F Mot

O I o —

Q= ZHastel

> 0

(ol

{ s.Sname | STUDENT(s) A (Vc)(Je)(COURSE(c) AENROL(e) A
e.Sno=s.Sno A e.Cno=c.Cno) }

@ 1= C4130|l s=olkl =2 52 0| dF= S0t

{s.Sname | STUDENT(s) N (— Je)(ENROL(e) A s.Sno=e.Sno A
e.Cno='C413") }

Department of Computer Engineering 13
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Domain Relational Calculus

@ 3 ot= 20l &= domain calculus expression@ £ HE & ol= 28
@ Domain variable
ANEE OHECIFTES CHole et FABES gL FHote Ha
- HOIA HECIRE 0| &0 x & &: xSno, xSname, ...
HRAAZ AISZ0IH S0 o A
— STUDENT(xSno, xSname, xDept, xYear)
@ Atomic formula
@O R(Xp, Xy, +.,Xp)
— X :_._lHIO' H ==, R : %2l range relation (&1 Ecll014)
— <Xy Xy X >0l BHE 15hs 2ol Bl AEE Za0l4 ROl S 2
@ x0y
- X, y:E0Q H= 0 W A= 4 < <,>>)
@ x0c¢c

- x: e =0 8l ALAL ¢ xIF 2 EHQ gl &

Atomic formula2| &l sl &= BFE Al & (True) L= H X (False)

a Iqt aa=eamtnqm Department of Computer Engineering 14
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Domain Calculus Expression

Target

g Al ist WEF
O T

{ X Xoy oo X | FOXy e e X Xii g+ o Xn4rm) +
— X =0 el

— T

= F(Xgye e XgXnets e Xnem) © X0l CH B WFF

Target list
— SO () 2H Al L= domain variableS
- QOH( ) LEHN SBME A= CtE0t= domain 222 BH= X
= tuple
example
@ { xSname | STUDENT (xSno, xSname, xYear, xDept)}
@ { xSname | (I xDept)(STUDENT(xSno, xSname, xYear, xDept) A
xDept="&2 FH") }
@ { xSno, xDept | STUDENT(xSno, xSname, xYear, xDept) A

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

. . .
a hlqt_ﬁaaﬁammqm Department of Computer Engineering 15
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Ol Al

@ TREHSUI4SE2 0|S= Z Aot

{xSname | (dxYear)(dxDept)(STUDENT(xSno, xSname, xYear, xDept) A
xYear >3 /A xDept="2 7H") }

@ = C4130llA dX0| ARl st stH= D& ZAotch

{ xSno | (9 xCno)( dxGrade)(ENROL(xSno, xCno, xGrade, xMidterm, xFinal)
A XCno= ‘C413’ N xGrade="A’) }

@ )2 dXH0[908 0l stelie] st ) 0| §= & 8otk

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

@ U= C3240l S=otkl =2 =2 0| 5= S4otch

{ xSname | (I xSno)((STUDENT(xSname, xSno, xYear, xDept) A (— 3 xxSno)
(9 xCno) (ENROL(xxSno, xCno, xGrade, xMidterm, xFinal) /A xSno=xxSno
A xCno='C324")) }

[ ] . .
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