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1. 2tH CH==(relational algebra)
- Xt AN : how
11. 2t Hl ol & (relational calculus)
— Bl E Xt A : what
- EZ A
— SOIe) 2t Aol &
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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 &2 Xt A ) : What
2 J0ot= X8 J[=0lH & 22 AtE H 0|

Department of Computer Engineering 3
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Relationally Complete

92N HHOR HES 4+ =22 D

NE X S A U=
=23 Jts

@ alanguage: relationally complete (2t & &)
at least as powerful as the relation algebra

— 1.e., its expressions permit the definition of every relation that can be
defined by means of expressions of the algebra

H®™ G0l A It relational calculus)t e = U= 2= &2
E Tsg &= AUZ [M relationally complete otCt ) & (£ =

relational completeness)

[ ] . .
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Introduction of Relational Algebra

@ Manipulative part of the relational model

Relational algebra: a set of operators
Assignment operation: named relation := expression of the algebra

@ Relational algebra (8 operators)
A collection of high-level operators that operate on relations
- 20l F29 ZE
One or two relations (input) — a new relation (output)

Traditional set operations (& & & &)
— Union, intersection, difference, and Cartesian product

Special relational operations
— Restrict (select), project, join, and divide
@ =5!9| Closure property (82| S Al &2 1l
Relations are closed under the algebra
ALK AM Z A 25 €4 0[H&

Nested relational expressions Jt=
— Expressions in which the operands are themselves represented by expressions (not names)

= B

Department of Computer Engineering 6
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What is the Algebra for?

@ Algebra expression
a high-level and symbolic representation of the user’s intent
basis for query optimization
— (ex) (( S JOIN SP) WHERE P#="P2’) [SNAME]
= (S JOIN (SP WHERE P#="P2’)) [SNAME]

- =0 =2 U330l JoinctH 22 M2l Al2tE 22 = US
@ Applications of algebraic expression
defining a scope for retrieval
defining a scope for update (insert, modify, delete)
defining virtual data (i.e., view)
defining snapshot data
defining access rights (authorization)
defining stability requirement (concurrency control)
defining integrity constraints

[ ] . .
a Iqt BB Department of Computer Engineering 7
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Traditional Set Operations

@ Two relations: union-compatibility (& & Jts)
They have identical (= & ©t) headings (£ 21 0})
1. They each have the same set of attribute names (same degree)
{2. Corresponding attributes are defined on the same domain
@ Traditional set operations: two operands A, B — [1I]
union(U) : Union-compatible
A UNION B = {t: tEA V t=B}
Intersection(N) : Union-compatible b
A INTERSECT B = {t: tSEA A tEB}
difference ( - ) : Union-compatible
A MINUS B = {t: t=A A t¢B}
extended Cartesian product (X) g oyt TR
— Concatenation ( - ) L T D
ATIMESB ={t- s:tEA A s=B}

a Mt aa=ﬂamtnqm Department of Computer Engineering 8
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1. & & & (union, V)
RUS = {t|tER V tES}
IRUS| < [R| + S| Cardinaity

(EEO
- =

11. ) & & (intersect,N) =)
RNS = {t|tER AN tES}
IRNS| <min{ [R|, [S| }

11. X&) & (difference,-)
R-S = {t|tERAtgS}

R - S[=[R]
iv. JLEl & T2 Y E (cartesian product, X) P i

Concatenation of t=(Aw:a:, Az:az, - ,Amiam), S=(Bw:bs, Baibz, -+ ,Batb) |7 LU a
— t-s=(Aua, Azaz, -, Amiam, Bi:b1, Ba:bz, -, Bn:bn) - -
(m+n)-th attribute

IRXS| = [R|x[S]

_PASdegreez = RO XtZ= +S9| Xt

a Idt aa=eamtnqm Department of Computer Engineering 9
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Associative and Commutative Operations

@ UNION, INTERSECT, TIMES (not MINUS)

associative

(A UNION B) UNION C = A UNION (B UNION C)

= A UNION B UNION C

- U, N, x AM2 B & A (associative) D
RUSUT = (RUS)UT = RU(SUT)
RNSNT=@R®NS)NT =RNSNT)
RXSXT = (RXS)XT = RX(SXT)

commutative

A UNION B =B UNION A

- U,N, x A2

— —

1l 2 & (commutative) &

RUS = RUS

Zt SLEt

RNAS =RNS
R XS =RXS

P Kit=ezezuno

Kumaoh MNational Insti

vie of Technology
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Examples

@ Union, intersection, difference and Cartesian product

rY 5§ SHAME BSTATUS CITY B 58 SHAMI STATUS CITY
51 Smit 20 Landon 51 sSmith 20 London
54 Clark 20 London 52 Jeones 10 Paris

{a) Union (A UNION B)

o A s B Fr
5% SNAME STATUS CITY 51 ;I
SIS RESS SESS— S 52 F2
51 Seit! 20 London - £1 P2
54 Clark 10 Londan ) 54 P4
521 Jones 10 Paris 55 b

P&

Cartesian product (A TIMES B)

S5¢ SNAME STATUS CITY

it e, —— i S———— 5& Fs
51 Smith 20 London S———
51 Pl g2 Pl £ Fl 54 Pl 55 Pl
51 F2 52 P2 53 P2 54 F2 55 P2
. BEd 21 PR 52 P g3 P31 g4 P2 L |
{g) Difference (A MINUS B) Difference (B8 MINUS A) 21 pé 22 py &y pi 54 By S5 pi
—— mmmmm mm———— —————— am mmmme mme——— ————— 51 PS5 52 PS5 53 PS5 54 PS5 55 P5
4 SHAME STATUS CITY Si SHAME STATUS CITY 51 P& 52 P& 531 P& 54 P& 55 P6
54 Clark 20 London 52 Jones 10 Paris

q Idtﬂﬂﬂﬂiil}[lqil Department of Computer Engineering 11
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I

@ 208 :R(X) = RA,, ..., A)
@®RAEEr=<a,..,a>
R={r|r = <a;,..,a,>}
S=r0ll Uet OHECIFE A2 &)
- rA L£=a
- r.A; = r1[A] = g
- Us A EE

<A, LA, ..., LA > =< TI[A] A .. ITA] > =T[AL A, ...

a !qt ﬁﬂ%ﬂaﬂlﬂlﬂlﬂ

wal Institule of Technology

Anl =TX]
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Restriction (select) : o (sigma)

@ Restriction (theta-selection)

R(U): a relation

— A, B S U: attribute defined on the same domain
ZA4

- e (theta) = {<a S, >> Za = ;é} (predicate)

— Vv : literal value =AM >

opou(R) = {TITER A TAOV}

GAGB(R) = {rl rER /\ rA e rB .} (predicate)

ZEAMR <
horizontal subset of R

JEEH
[ = =| — A = = =
MNEH X D|-_._O|__ alaL||O|/\=| O| H X 2 XIS

G0l
010{Al H&

-

Boolean combination of simple comparisons
— R WHERE C1 AND C2 = (R WHERE C1) INTERSECT (R WHERE C2)
— R WHERE C1 OR C2 = (R WHERE C1) UNION (R WHERE C2)
— R WHERE NOT C =R MINUS (R WHERE C)

. . .
a hlqt_ﬁaaﬁammqm Department of Computer Engineering 13
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Restriction (select)

@ Example
N

S
I
oy
3
m
~
o
>.
fou
N

Q a Q9
o J o
3
I
w
3
k_]

L1 [
T
~~ [ol

S

0x

Ja

N

o >
ng

X  Jio
Ja

@ UOIeH A H
R WHERE &4

@ 6x515(0x211(R)) = 6x21(0x2,(R))
=0xa1, =212 (R)

@ & B (selectivity) :
@ W8 RAN Qo MEE S22 HIE
@ Query optimization: M EII M2 HL2H %=

o2t

Department of Computer Engineering 14
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0:" X_II DI p.86
m— G0l Ef =t i%}g—li
o10{4l E& S z
o Osig—aiz '(c—’l éﬁ) &=
&M WHERE &t t="& R El’ 100 Lt 4 2 HH
300 SRS 1 3 +H
400 e 4 Ehals

s=)

Ostpi=300 A Bz s=Ca12
SE WHERE &&=300

AND D= 5=C312’ 300 C312 A
o) (EE)
SUMH <YL R S

= 100 c413 A 90 95
300 C312 A 90 95
400 C312 A 90 95
400 c413 B 80 85
400 £412 c 65 75

' Idtﬂﬂﬂﬂiil}[lqﬂ Department of Computer Engineering 15
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example

@ CH=r(University) 2t H Gl Ol & 8l 0] A

sy
(STUDENT)| 100 U+ o 4 2AEE
200 ol & 4 3 0|
300 = 0l 1 AEE
400 F 4 2H
500 ot = 3 2 N

(COURSE)

C123 ZTZ2HY 3 aAH dd=
C312 Az X 3 Eha gd
C324 St 2 X 3 FH Ol &
C413 ClOIE tIO1 A 3 FH Olg€=2
E412 gt & A 3 & Xt g5

s TS —

Kumoh Mational Institwic of Technology

Department of Computer Engineering 16
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example

@ CHsH(University) £t Hl Gl Ol & Bl O] 2 (cont’d)

==
S/

(ENROL) 100 C413 A 90 95
100 E412 A 95 95
200 C123 B 85 80
300 C312 A 90 95
300 C324 C 75 75
300 C413 A 95 90
400 C312 A 90 95
400 C324 A 95 90
400 C413 B 80 85
400 E412 C 65 75
500 C312 B 85 80

q Idtﬂﬂﬂﬂiil}[lqil Department of Computer Engineering 17
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Projection : IT (pi)

@ Projection
@ 2dold RX)UHMYEX0l22Y={B,B,,...,B,} 0™,
I, (R)={<rBy, .., rB,>|rerR}
@ vertical subset of R Project

- 2ol SR 22X T

=

@ duplicate tuples are eliminated _
- HHd=El == 22 M 1V
@ Example
— i‘A”(%*UJ,OI%,i*L)HIH IT o =(St2d)
@ UOle oA =6
R [B,B,, ... ,B.]
— e.g., (SWHERE CITY = “Paris’) [ S#, SNAME ]
@ Iy (Iy(R)) = TIy(R)

q Idt aa=eamtnqm Department of Computer Engineering 18
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Lp2 o >y =
0 &2 x|
= |l 2y =
282 4 =
5t 5} JNE

Il n=012,g94g902@9

T2Y N2
NEEEN 5 A Dt
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G0l B B O] A N

o & | ==X
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Theta-join : ™4  4p

@ Theta-join : not primitive operation
R(U), S(V): relations
X< U, Y SV defined on the same domain
0 € {<,5,>,2,= 4
R.X theta-join S.Y ={rs:r&R A s&S A r[X] 0 s[Y]}

=R[X0Y]S =(RTIMESS) WHRER X theta Y
H0lE — Ol XI)

— ((SRENAME CITY AS SCITY) TIMES (P RENAMES CITY AS PCITY)) WHERE SCITY>PCITY

- Sl Xayyam ST 20 E01E Ol

=S

5, S= 8N, S=ENLN, SSI|LHE

@ Equijoin
theta(0): “equals”(=)
— two attributes have identical (& & ol) values

R ™,gS = {rs|reR ANs&eS A (rA=sB)}

[ ] . .
a Iqt e Ll e | Department of Computer Engineering 20
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Equijoin Ofl Al

100
100
200
300
300
300
400
400
400
400
500

cf.) Natural
Join2 14
(52 HHAH)

L3
L3
Ol &=
& DI EH
& DI EH
DI EH

o= B 2
So=
=z B 2
So=
== B 2
So=

Z= B 2

120
Ot 0
fon

NEAEEAEAADNN 2 = — WD

Jo
[

100
100
200
300
300
300
400
400
400
400
500

=3I-I:I'_-|

| ——1
o M

C413
E412
C123
C312
C324
C413
C312
C324
C413
E412
C312

DOD>P>T>>0O0>DO> >

90
95
85
90
75
95
90
95
80
65
85

95
95
80
95
75
95
95
90
85
75
80

s TS —

Kumoh Mational Institwic of Technology
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Natural Join : 4 (£= ™)

@ Natural join
@ R(X, Y)=R(Xy, Xz, -, Xm, Y1, Y2, =, Yn)
@ S(Y,2)=S(Y1, Yz, -, Yn, Z1, Z2, -, Zp)

@RxS
— RJIOINS={xyz:reR N s&S A r[X]=x A r[Y]=s[Y]=y A s[Z] =1z}

GliolH

A0 A (Natural) Join

os \
X A z . X

AN T Z

al | bl b1l el allbl el
a2 | bl b2] ¢2 azlbi]ecl
al | b2 b3| c3 a3| b2 ] c2

4 Associative and commutative
4% R and S: no common attribute names
— RJOINS=RTIMES S

c Idt e Ll e | Department of Computer Engineering 22

wal Institule of Technology
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Natural Join (12 XH)

@ Natural join: X
@ R(X),S(Y)2 X0l HERIREE Z(=XNY)2} otH

RIS

={<r-s>[XUY]|reR A s&S A r[Z] =s[Z] }
=T x yy(o 2=2(R %))

=11 y ;v (RIX;-,S)

theta-
join

= equijoinl Z 1t &2 0
— Ol Al) Equijoin: =t .ot S=.2M8 (20H)
Natural Join; &t (1)

a Idt aa=23mtnqm Department of Computer Engineering 23
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Natural join Gil Xl

cf.)
EquiJoin2
20 (=)

o

o

Jo
w [E
(=]

FAH I S=

100 Lt=+=& 4 | BFH C413 A 90 95
100 Lt=+=& 4 | BFH E412 A 95 95
200 Ol &%= 3 & | C123 B 85 80
300 & J| EN 1 3 +H C312 A 90 95
300 & J| EX 1 3 +H C324 C 75 75
300 & J| EX 1 a+H C413 A 95 95
400 S8 4 | BFH C312 A 90 95
400 S8 4 | BFH C324 A 95 90
400 S8 4 | BFH C413 B 80 85
400 S8 4 | BFH E412 C 65 75
500 =SSt 2 A C312 B 85 80

a Idtﬂﬂﬂﬂiil}[lqil Department of Computer Engineering 24
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Division : =+

d Division
@ R(X,Y)=R(Xy, Xz, -, Xm, Y1, Y2, =, Yn)
@ S(Y)=S(Yy, Y2, -+, Ya)

4 R DIVIDEDBY S ={r[X]: rER A r[X]'sER for all s€S}

G0l
010} 4]

=48

@ wi: €diolE R(X), S(Y) Ol CHot /77N TN
Yo X011 Z =X-YOI ™ R(X)=R(Z,Y) INENEs
RS ={t|[te Il (R) Nt-s&Rforall s&S }

a Y

Note: (R =~ S) xS S R

a Idt ﬂﬂaﬁﬁmfﬂﬂﬁl Department of Computer Engineering 25
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Examples of Division

8 H=(SC) A=21(C1) 24=22(C2) =3(C3)
100 | C413 C413 C312 C312
100 | E412 C413 C413
200 | C123 E412
300 | C312

300 | C324

200 | o413 SC + Cf SC + C2 SC + C3
400 | C312

400 | C324

400 | C413 100 300 400
400 | E412 300 400

500 | C312 400

q Idtﬂﬂﬂﬂiil}[lqﬂ Department of Computer Engineering 26
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RENAME: p (Rho)

@ =2ZU a'E1|O|/\:| Hl OlE=2 KNI E 0 XM 1)otHLE OHECIRE 01 S
= HZE0IN 2 M AtS
ps(E)
ZHH CH==A ECl 20 € d0l&E2 0|E= S=2 A E
PsB,B,, ... Bm )(E)
ZHH CH==A ECl 20 € H0l&E2 0|= S=E Al 8otHAN
OHECIRE 0|&F= 42 BB, ... B, 22 B

P@B.,B,, ... ,Bm)(R)

213 0]& RO| O§ERIHE 0|22 242t B,B,, ... B, 22 ©12 o
@ 0N 1M sS0HAN ZFH eri stao OID & Ex i

My =05 =2 me(= <L)
= Temp < oxyoame (=)
E = d Il z(Temp)
@ OM2:01S OHECIREE Yoz HYE
BB (8 8) Iy 5(Temp)

a Iqt aa=23mtnqm Department of Computer Engineering 27
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Relational Assignment

@ Relational assignment operation
@ to “remember” the value of some algebraic expression

4@ to change the database state Gl0lE
— insert 28
S:=SUNION { (S#: ‘S6’, SNAME: ‘Baker’, STATUS: 50, CITY: ‘Madrid’) }
— delete
SP:=SP MINUS { (S#: *S1’, P#: ‘P1’, QTY : 300) }
Gl Ol E
o1 01 Al
q Idtaaagammmm Department of Computer Engineering 28
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Primitive and Composite Operations

@ Primitive operations (2 & & 4&4)

can not be defined in terms of the others

- otlte =2|& Jls&E =, UHE A= 0|=0HK

restriction, projection, product, union, difference
@ Composite operations (=& & 4l)

22 HAtE 0ot e == A S (intersection, join, division)

RNS = R-(R-S) = S-(S-R)
= (RUS)-((R-S) U (S5-R))

aa

g
o
1
50
i

RIX]A@B S = G g (RXS)

R(Z,Y)=3(Y) = RIZ] - (R[Z]*3) - R)[Z]

o

0l

HAabs B = CH
— 2HCHoL | i

[ ] . .
a Iqt ﬁaagaﬂm?m Department of Computer Engineering 29
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Relational Algebra2| & &

@ Semijoin
@ Outerjoin

@ Outer-union
o AoI-I-IO| II];” C&:U&l-

T T/ T

@ SUM

@ AVG

@ MAX, MIN
4 COUNT

% GROUP

c Idt e Ll e | Department of Computer Engineering 30
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Semijoin: x

@ R(X),S(Y)2 X0l (HERIREE 7z=XNnYZ2} 6tH
RIXS = RX(IT4(S)) = TT«(RX\S)

Ot

—

/<1 EH

—

U0

% St natural join & == U

I

Re &

rir

g ==

@ RPXS £ SXR
@RS = (RXS)XnS = (SIXR)XIWR

— XcloliOF = UIOIEe 2l 20l LS

— Query Optimization

Department of Computer Engineering 31
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Natural Join ys. Semijoin

RIDANNETNCEY s@Elest oo
al | bl cl b1 | el | df b1 | ci
a2z | bl | cl b1 ¢l | d2 b2 | c3
ad | bl | c2 b2 | ¢3 | d3
a4 b2 c3
XIN o
\
“N S qu R IXS
al bl ¢l di 1 | bl | o
al | bl | ¢l | d2 — — o1 o
22 bl ci | df . | oo | o3
a2 bl cl d2 « o
ad | b2  c3 | d3 emijoin
Natural Join RIX'S = RIXI\(IT4(S)) = M x(RXS)

s TS —

Kumoh Mational Institwic of Technology

Z=XNY.
Department of Computer Engineering 32
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Equijoin, Natural Join and Semijoin
"Talelc ®efclo]

al b1 o bl | c1 | di
a?’ b1 cl bl | cl d2
a3 o} c2 b2 C3 d3 Natural Join

D alelclo]

Equijoin
al bl c1  di
al ' bl | cl d2

a2z | bl | cl1  di
al bl | bl c1 | cl | dif a2 bl | cl | d2

al bl bl cl ¢l d2
22 bl bl ¢l ol  d a4 | b2 | c3 | d3

a2 | bt bl | cl  c1  d2 Semijoin D I
a4 | b2 b2 | c3  c3  d3

al | bl | c1
a2 bl | ci
ad b2 | c3

' Idtauaﬂamuqm Department of Computer Engineering 33
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T

rjoin

Oute

010 BN
05
S
ol o
S =
Dy
Wy S
i m_u__
08 L
ol Ty AW
oJ )
W g
= .ﬂw AN
20w
UF OF o
1)) R0 360 T
o 0N IH X
- mu =
S 00T =
o T
o il s 3
o UF T K
il gy ol UF
AR
D

Department of Computer Engineering 34
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Natural Join vs. Outerjoin
RoAlBlC s B G D
al bl | ci b1  c1  di
a2 bl | ci b1  c1  d2
a3 bl | c2 b2  c3  d3
ad b2  c3 b3  c3  d3
N
A*s Df]N
als]clo Ay S
al | ot | of | az Alelclo
al | b1 ct  dz
a2 | bl ct di al b1 | cl di
a2 | bl | cl | d2 al ' bl cl d2
a3 | b1 c2 a2 b1 c1 df
" a4 b2  c3  d3 a2 bl |ct d2 o
outerjoin b3 | c3 | d3 a4 b2 | c3 g3 Natural join

C Idtauaﬂamumm Department of Computer Engineering 35
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&Y JtsotXl
degree(Xt==)E

o] X}
LS \T1T

SIS

— R(U): degree n, S(V): degree

— R OJOIN S

Quter-union, U*

=RS U ((R-RS[U]) x (null, -, null)m-1) U ((null, -, null)n-1 X (S - RS[V]))

— & Ml &: nulls in the primary key position
R W—

al
az’
a3
a4

b1
b1
b1
b2

cl
cl
c2
c3

s TS —

Kumoh Mational Instituie of Technology

S

b
b
b

1
1
2

C1
C1
c2

di
a2
d3

al
azl
a3
a4

Cl
Cl
c?
c3
Cl
Cl
c?

ur—— A B C D

df
d2
d3

Department of Computer Engineering 36
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S A AL

EEEEE_—_——
@ T H AL
SUM : 8t I, AVG: 22t MAX: I THgt, MIN: | A gt
COUNT: & & LH01| =ok gt =
GROUP: X[ &H = OHEZIRE &0l et E=2== 182
— SUMMARIZE SP GROUPBY (P#) ADD SUM (QTY) AS TOTQTY
AVG 4 ~(SE=

- S5 _“é'HIOIHOH U= 8H HECIFE st =0l CHoll B=gt ALt

G 5t GROUP (GROUPBY)

A )l M2 HECIRE

F: & EF 84 (SUM, AVG, MAX, MIN, COUNT)
B:&dH &+ HNE H&A HECIRE

E

: Relational Algebra Expression (2t H CH == A1)

a I(Tt aa=eamtnmm

GlOIEf
010f 4!
4
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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|ets HoH A A

. . .
a hlqt_ﬁaaﬁammqm Department of Computer Engineering 40
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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)

- N HECIFES Zhele o SAgibts gt2=Z Fote B

—  QBE(Query-By-Example)

a hlqt_ﬁaaﬁammqm Department of Computer Engineering 41
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Tuple Variables and Qualified Attribute

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

-tcRAFESHB=+

R:t2 H? dl0l& (range relation)

el

@ StH O E 2| R E(qualified attribute) : t. A &= = t[A]
- S HULUEIHE 22 HE HECIFE A &t
— Student(s)
s.Sno

Department of Computer Engineering 42
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First-order Predicate Calculus

@ Predicate (M=, =0, M=)

a function whose value is true or false
— a function that maps object arguments into TRUE or FALSE

@ first-order predicate calculus
forbid variables that represent predicates (i.e., objects only)

=2 =0HIIHE WA (2debHlA=e ==

QuantifierJt B =0 8t & Z & 1) predicateLt & =0l HoHN = SIS L X LS
- (Vx)P(x)
M=o, &, B A SH8X =28 2 s2e2 24E

SymbolZ E&
@ second-order &t = higher order predicate calculus
permit variables that represent predicates
=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| & =~
A[e= HIIY
@ Query: {t|P(t)}2=2 X&

P(t)= tuple variable t0il CH St formula
— Expressions in the calculus are called formulas
d Answer
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 44
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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 ilt= Bt
@ A formula can be:

An atomic formula

—p, p/\q, pVgwhere pand q are formulas
(3 t)P(t) where variable t is a tuple variable
(Vt)P(t) where variable t is a tuple variable

[ ] . .
a Iqt e Ll e | Department of Computer Engineering 45
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Free and Bound Variables

@ Quantifiers (& & Xl
Vv . & & E & XH(Universal quantifier) — “for all”

O O O

3 : =M 8 & XH(Existential quantifier) — “there exists”
@ Bound Variable (&5 H =)

FormulaOil Ix & VYxE Z&ol] UACHH x= bound variable
— cf.) bound variableO| Ot 2 2 free variable

@ Free Variable (AI57 B 2)
Quantifiers (V and 4)& et & &l K| & = tuple variable

@ 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 quantifierES A& et bound variable

— L

Ol OF =
P Kit=ezezuno

Kumah Mational Instituie of Te rehnology
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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 et 2=l 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| Gl Xl
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

[ ] . .
a Iqt e Ll e | Department of Computer Engineering 47
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Tuple Calculus Expression

g 4 e W
{t,. AL LA, . tA T Ft, .ttt )}

. = I A
ti.TE |:ll_:|_l_

F(t,...,t tag eyt O S 2HE WRFFEZ 215 EA
Target list

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

- GOH(]) QLEHN HAME ZHS UFSt=Z2UE FE S
@ example
{s.Sname | STUDENT(s) }
{s.Sname | STUDENT(s) As.Dept="Z =&}
{s.Sname, s.Dept | STUDENT(s) A
(de)(ENROL(e) N\ s.Sno=e.Sno A\ e.Grade="A")}

[ ] . .
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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 —

D= ZHastel

> 0

(ol

{ s.Sname | STUDENT(s) A (Vc)(Je)(COURSE(c) AENROL(e) A
e.Sno=s.S5no 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 49
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Domain Relational Calculus

@ 3 ot= 20l &= domain calculus expression@ £ HE & ol= 28
@ Domain variable
So| THQIO| B AADIS O R ot B

NE= HELCIRE
- HOM HECIR
F=otd =0 el 8

E 0|8 &0l x < xSno, xSname, ...

HOIAIS A
— STUDENT(xSno, xSname, xDept, xYear)

@ Atomic formula
F €dl0lH)

@ R(X1'X2’ n)
— X :_._IHIO' H ==, R x;2 range relation (& %
— <X, Xg,... X, >0ll O E SPE sl 2l AEE= €018 R &=

@ x0y

@ x0c
xS Ha 0 Ul HAKY, ¢ xIF HOlE SHIQgtel Al
2A Xt Al A= BFE Al & (True) £= H A (False)
50
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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 BME A= CtE6t= 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 51
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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") }

@ U= C4130llA dX0| ARl st stH= 2 &= Z Aot

{ 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= C3240 S=otkl =2 =l 0| 5= SMotch

{ 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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QBE

@ Domain relational calculus At &
@ OBE (Query By Example)
41975, IBM
@ e CIAZSY 0l HZI| ALE
@ 0| XH& = & (two-dimensional syntax) &1 01
@ Oll(example)E 2 2| & H AN AIS

. . HIOl=
S— — Ol I & 2 (example element) : domain variable 23

Name

P._STX 3

Projection Domain
variable

qldtauaﬂamuqm Department of Computer Engineering 54
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GIOIE] 2 44(2)

9 tlol= 8H2 & A4

@St HOIZ22 E= AtehS dMotet

' Idtﬂﬂﬂﬂﬁil}[lqm Department of Computer Engineering 56
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CiIOIEl & 25(3)

s CHE ORI &4

>85
C413
21 5HLISl 8, 22 Ol Nl R

@'AND' £ : 0
- H=HSIL'C413°01 ) JI 2 & X0l 858 0| &t Q! st

P. C413 >85
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GIOIE 2 44(4)

_EC=C413 AND _EF 285
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CiIOIEl & 25(5)

@ =4 HIOIZ 0 Al 2 A
Ol 85& Ol A0l AL Ut= "'C413’

@JgdH

Department of Computer Engineering 59
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CIOIE 2] & &

insert . 100 C413

Note : Primary keyJt nullO|H Al = 2+

9 F=&EA=0lse Y
S

STX 4

' Idtauaﬂamuqm Department of Computer Engineering 60
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CIIOIE1 2] A7 M

@ StHIOIZSO0 A2 AR
@ sr810] 1000 st = st HIOI S0 Al AHK
delete D. 100
= HIOIZUH A2 dZ2& &AHA
@ I|LYHH0| 60& D|BHRl st =E S5 HIOI= 0t =T HIOI= U A
ARR
_STX <60
D. _STX
D. _STX
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