IOIEIHIOIA 2 &3

ChaD 5 “*Jll [H*QI | UII*‘
s d

9—!-\-LE.|_|_oI- |.
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2t OI0IH &4t

@ 4ol 2 (D)
D=<§,0,C>
@S F2X O HAHC HIY A
@ HAMUOOIH A
@ AHQF A AE QA
@ ol Ao Atk L E
@ 2tH 4ol A
i . 2tH CH==(relational algebra)
— X AN how
ii. 2t ol & (relational calculus)
— "I EXt A : what
- &= ZH oA
_ COlQ BAIGHA

@ 2tH oA 2H ==

FE

& OlLt J

0Ir
=
=
X
O
oI

a Idt 2EZOB AW Department of Computer Engineering 2
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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 At &1 1) : How

@ Relational Calculus (2l 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 HO|

Department of Computer Engineering 3
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Relationally Complete

T AA A
s Jbts

@ a language: relationally complete (2t & A

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

@ CIOIE & 1Dt relational calculus)t H8 g == = 2= &9
£ HA g &= JUES M relationally complete otCt 1) & (£ =

relational completeness)

[ ] . .
a k[t 2EZOB AW Department of Computer Engineering 4
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Rel

L

al;l a

“
',f lgebra

Idt SESF %l

Kumah National Institute of Technology
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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

— diol&: F22 EE

One or two relations (input) — a new relation (output)
Traditional set operations (& & & &h)

— Union, intersection, difference, and Cartesian product
Special relational operations

— Restrict (select), project, join, and divide

@ =352 Closure property (B2 A& &= E =)

Relations are closed under the algebra
Ol HAAARE HAH B 25 e0[A

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

a k[t %a=23mmf&m 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 Joinotd 22 M2l Al2tS 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 k[t 2EZOB AW Department of Computer Engineering 7
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Traditional Set Operations

@ Two relations: union—compatibility (&2 JIS)
They have identical (= & &) headings (£ 210t)
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 = [T T
union(U) : Union-compatible 110 s
A UNION B = {t: tEA V tEB}

Intersection(N) . Union-compatible
A INTERSECT B ={t: t€A N t=B} / 7

difference ( - ) : Union-compatible
AMINUS B = {t: tEA A tgB}

extended Cartesian product (X) g iy
— Concatenation ( - ) 2| [e|ee| |e2
ATIMESB={t-s:t€A N s&B}

[ ] . .
a k[t 2EZOB AW Department of Computer Engineering 8
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y_%

QB Z Bt o1 AL

—

1. & & (union,U)
RUS = {t|teR V tES}
|R U S| < |R| + |S| Cardinality

(E g 9" Intersection

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

111, AFE & (difference,-)
R-S ={t|[tER A tgS}
IR -S| <R

1v. ItE[HE L 29 E (cartesian product, X) P e
RxS = {rs|reER A s&€S} -1 [<] [
Concatenation of t=(A.:a;, Az:az, - ,Am:am), S=(Ba1:b1, B2:bz, - ,Bn:bn) ’ ’ a

— t-s=(Auas, Axzaz, -, Amiam, Bi:b1, B2:b2, -, Bn:bn)
(m+n)-th attribute

[RXS| = |R[x][S]

'V‘Sdegreez = RQ| Xt + S| Xt=

a Idt %a=23mmf&m Department of Computer Engineering 9
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Associative and Commutative Operations

@ UNION, INTERSECT, TIMES (not I\/IINUS)
associative

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

= A UNION B UNION C

- U, N, x ALZ2 B & A (associative) 2
RUSUT = (RUS)UT = RU(SUT)
RNSNT=RNS)NT =RN(SNT)

RXSXT = (RXS)XT = RX(SxT)
commutative

A UNION B =B UNION A

— U, N, x &2 108X (commutative) 2

RUS = RUS
RNAS =RNS
R XS =RXS

a I{'[tﬁaaeammﬁm

wie of Technology

Department of Computer Engineering 10
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Examples

@ Union, intersection, difference and Cartesian product

A Sg SNAME STATUS CITY B S8 SNAMEI STATUS CITY
S1 Smith 20 London S1 Snith 20 London
4 Clark 20 London S2 Jones 10 Paris

{a) Union (A UNICN B)

A St B P

S¢ SNAME STATUS ITY S1 ;;
el el ot g S2 P2
S1 Skith 20 London .o S3 Pl
S4 Clark 20 Londen : S4 P4
S2 Jeones 10 Paris S5 PS
Pé

(b} Intersection (A INTERSECT B)
Cartesian product (A TIMES B)

S¢¥ SNAME STATUS CIT i ey
e  Seees cooees  Sseoses S¢ P:
Sl Semith 20 London e . iosan
ST P s2 Pl S} Pl Ss Pl 5 -PX
S1 P2 S2 P2 S3 P2 sS4 P2 S5 P2
" . ST P s2 P2 S P s¢ P2 - S
{c) Difference (A MINUS B) Difference {8 MINUS A) S1 P 52 pa s1 pe 4 Pa S5  Pps
S R e R S . Deasn oecoes. Seeese S1 PS5 S2 PS S) PS 54 PS5 85 Ps
S# SNAME STATUS CITY S¥# SNAME STATUS CITY S1 Pe sS2 P S3 Pé S¢ Ps S5 P6
5S4 Clark 20 London 2 Jones 10 Paris

a Idtﬂﬂﬂﬂﬂilﬂlﬂﬁl Department of Computer Engineering 11
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el

@ 2A0I&:R(X) = R(A,, ..., A)
@R EE:r=<a,..,a>
R={r|r = <a,..,a>}
E=r0l CHet OHECIFE A2l 8t
— A =g
— A = r[A] = &
- U= 2HDI 8 E
<r AL LA, LA > =< AL AL .. A ] > =1[AL A, ... Al =1[X]

a hI{j‘t IO UWS L Department of Computer Engineering 12

ational Instituie of Ii-r-hmrlui_!_\
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Restriction (select) : o (sigma)

@ Restriction (theta-selection) Restrict

R(U): a relation

— A, B € U: attribute defined on the same domain
ZHA

- e (thEta) = {<9 S, >7 Z, =, :/b} (predicate)

— v: literal value ZoNE >

oapo(R) = {r|[reR AN r.AbBv} —
oag(R) = {r|reER A1 A0rB} predicate)

SUHEA <
horizontal subset of R |2 =

- MY FAS UEGE LY 0lE SBE L

_ GOl Ef
= x| 5 01014 E&

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 k[t__ﬁﬂ%ﬁﬁmfﬂqﬂ Department of Computer Engineering 13

itional Institule of Technology
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Restriction (select)

@ Example

AQ A Q
o Jor Jo
T =

I I
§ N
hx
o

r
0x
Jx
N
uo>
=
0x
o

@ U0 A4 HS
R WHERE 214

@ 6x55(0x211(R)) = 0x211(0x22(R))
=Ox2i1 . x212 (R)
@ & & & (selectivity) :
@ HEH X0 Qo MEHE EE°| Hl=

|
@ Query optimization: M EII M2 A L2H %=

2

Department of Computer Engineering 14
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x." DT p.86
e

S

-/

H HIolE e
010/4l E ( I-AH) i
O'Qﬂ}:%%au o s
stM WHERE &t t="3 &H’ 100 Lb 4 & H
300 =D El 1 2 2
400 =1l 4 =i

O- (S8)
SHH=300A D2 5='C312' S =

S5 WHERE &81=300
AND IS815="C312’ 300 C312 A

S5)

100 C413 A 90 95
300 C312 A 90 95
400 C312 A 90 95
400 C413 B 80 85
400 E412 C 65 75

'Idtﬂﬂﬂﬁﬁﬂ}[lqﬂ Department of Computer Engineering 15
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@ O = (University) 2t Hl Ol Ol & HI O] A

example

al-/?_ﬁ: _

(STUDENT)

100 L+ & 4 a=H
200 O & = 3 &
300 & Dl EH 1 aAH
400 s48Z 4 a=H
500 g & 3t 2 &3

(COURSE)

C123 Z2 )Y 3 F=H 8=
C312 s AxE 3 Z=H =2
C324 e 2L 3 a=H Ol &t
C413 CIOIE HIO0I A 3 =H Olg=2
E412 gt < 3 & A g3

5 S L E—

Kumah Mational Institule of Tech

nalogy

Department of Computer Engineering 16
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example

@ CH=H(University) <t Al GI Ol & Bl Ol 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

a Idtﬂﬂﬂﬂﬂilﬂlﬂﬁl Department of Computer Engineering 17
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Projection : IT (pi)

@ Projection
@ Y0l RX)UHA YEX 012 Y={B,B,, ... B} 01 H,
My(R) = {<rBy, ..., rBy>|rER}

4@ vertical subset of R Project
- YoM 2N REE T

@ duplicate tuples are eliminated
- MHE =5 EEZ2 M

% Example
— BHAI(BE 015,

@ OOl dal =
R [By,B,, ... ,B.]
— e.g., (S WHERE CITY = ‘Paris’) [ S#, SNAME ]

@ TI,(ITy(R)) = ITy(R)

SHAYO A TT ) (BHAY)
-

q Idt 2EZ 0B Department of Computer Engineering 18
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[ — HOolH

ol0{Al H&

H=F[W=F018, 22

]

Lh2 o
Ol &2
=PIl

=81 21
S o=

24 S 3}

22 E
20|
22 E
SES

&=

| § =Y EER=1=3m]

AL
e

(=)

T2 )y
INISEEN
st

CIOIE Bl Ol A

B Al

282
s
0l 73 &
olgz
S 2 X|
O O

Idt eSS U

Kumah Mational Instituie of Technology
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Theta-join : M4  4p

@ Theta-join : not primitive operation
R(U), S(V): relations
X<SU, Y SV defined on the same domain
0E {<,<,>,>, = #)
R.X theta-join S.Y ={rs:r&€R N s&S A r[X] 0 s[Y]}
=R[X0Y]S =(RTIMESS) WHRER X theta Y
oel - Ol

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

L B Mguaw S=O/ 2T 201A Ol A
SHAH StH{ SHFAH Ol% il—/(\DH 6I—L|;:| i#/g él—ﬂ}

mo.an, o =

=

o

S U=,

omn

S 4N SEEUYH SEILLE

d Equijoin
theta(0): “equals”(=)
— two attributes have identical (= € 2t) values

R >, S = {rs|reER ANsES A (rA=sB)}

L ] . .
a k[t 3BT Department of Computer Engineering 20
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100
100
200
300
300
300
400
400
400
400
500

cf.) Natural
Joine 14
(Z2 HHAH)

L=<

T ©

Li=+=&
Ol &h==
& DI EN
& DI EN
& DI EN

=4 2|
S o=

=4 2|
S o=

=4 2|
S o=

=4 2|
S o=

&S 3t

NAEAEAERAERN—~~—= =W~

&+ H
&+ H
&
&+ H
&+ H
&+ H
&+ H
&+ H
&+ H
&+ H
&

0K

100
100
200
300
300
300
400
400
400
400
500

C413
E412
C123
C312
C324
C413
C312
C324
C413
E412
C312

DODP>>T>0>0> >

90
95
85
90
75
95
90
95
80
65
85

95
95
80
95
75
95
95
90
85
75
80

(+ J78 [ E—

Kumah Mational Instituie of Technology

Department of Computer Engineering 21
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Natural Join : & (£ )

@ Natural join

@ R(X, Y)=R(Xy, Xz, -, Xm, Y1, Y2, -, Yhn)

©S(Y,2)=S(Y1, Yz, -, Yn, Z1, Z2, -, Zp)
©R™S
— RJOINS = {xyz.rER N s&ES N r[X]=x A r[Y]=s[Y] =y A s[Z] =z}

010f &
= X //;Y

ENI=

al | bi

29
e

o)
v

a3 | b2

~1
&

-~
i

5] C3

(Natural) Join

\

O N

O

-~

2| CL

@ Associative and commutative
4% R and S: no common attribute names
= R JOIN S =R TIMES S

a hch_t 3EEEEDIDMEI

ational Instituie of Ii-r-hmrlui_!_\
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Natural Join (1 H)

@ Natural join: X
@ R(X), S(Y)2 =0l (HER2IREE 7(=XNY)2} 5} ™

RIS

={<r -s>[XUY]|reER A s&S A r[Z] =s[Z] }
= I xyy(o 2=2(R%9S))

=11 ;v (RIX;,S)

theta—
join

= equijoinl] 2 EHI0IENHAM OHECIRES === M A
— Ol Al) Equijoin: =t atH S = . e (20H)
Natural Join: &2 (19H)

F

el

a Idt %a=23mmf&m Department of Computer Engineering 23
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Natural join Ol Al

cf.)
EquiJoin2
20 (B=)

ot

M S2

o]

o [E
o
oln

100 L& 4 | EFH C413 A 90 95
100 L& 4 | EFH E412 A 95 95
200 O| & == 3 & | C123 B 85 80
300 & J| EH 1 B +H C312 A 90 95
300 & J| EH 1 B +H C324 C 75 75
300 & J| EH 1 B +H C413 A 95 95
400 S8 4 | BAH C312 A 90 95
400 S8 4 | BAH C324 A 95 90
400 S8 4 | BAH C413 B 80 85
400 S8 4 | BAH E412 C 65 75
500 &St 2 &hE C312 B 85 80

a Idtﬂﬂﬂﬂﬂilﬂlﬂﬁl Department of Computer Engineering 24
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Division : =+

@ Division
@ R(X, Y) — R(Xl, Xz, e Xm, Y1, Y2, A Yn)
@S(Y) - S(Yl, Yz, -, Yn)

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

GOl
010f 4]

=&

@ DM A 0I& R(X), S(Y) Ofl CHaHO i
Yc X011 Z =X-YOIH R(X)=R(Z,Y) Jx] [x] B
R+S ={t|tE TI,(R) At -sERforalls€S}

a Y

Note:(R+S)XSER

q Idt 2EZ 0B Department of Computer Engineering 25
Kumah National Institole of Ii-r-hmrlui_!_\
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Examples of Division

sht=(SC) n=1(C1) n=2(C2) =3(C3)
100 C413 C413 C312 C312
100 E412 C413 C413
200 C123 E412
300 C312

300 C324

300 c413 SC + C1 SC + C2 SC + C3
400 C312

400 C324

400 C413 100 300 400
400 E412 300 400

500 C312 400

a Idtﬂﬂﬂﬂﬂﬂ}[l“ﬁl Department of Computer Engineering 26
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RENAME: p (Rho)

@ =& a'EﬂOI/\:' Ol Ol&S= NE(OIXl 1)otHLE OHEZIRE 0|
= HZ A 2)& [ At
ps(E)
2HH OH==4l EQl 20 dlolE2e 0|F= S22 X E
PsB41,B,, ... .Bm )(E)
ZHH =4 EQl 20 €018 2l 0|2 S22 KNI EoHHA
HECIRE 0SS 22 BB, ... B, 2=z HE

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

oin

2020/ R HERIRE 0|SS 22 B,B,, ... B, O& #Y ol
9 ML SESUHABFE A A2 0|5 & £

HOl E(Gapj 9—| HE_I (gl-/\OH))
— Temp(_csl-j} 9"-\-‘-E<|( |‘AH
Bl —TI1) =(Temp)
@ OAH 205 HECIREE dEL =2 HE
Bt (d8)—I1,=(Temp)

a k[t %a=23mmf&m Department of Computer Engineering 27
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Relational Assignment

@ Relational assignment operation

@ to “remember” the value of some algebraic expression

“ to change the database state G0l
— insert 8
S := S UNION { (S#: ‘S6’, SNAME: ‘Baker’, STATUS: 50, CITY: ‘Madrid’) }
— delete
SP := SP MINUS { (S#: ‘SI’, P#: ‘P1’, QTY : 300) }
GlolE
o104 &l

el
r

a Idt 2EZ 0B Department of Computer Engineering 28
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kit
Primitive and Composite Operations

@ Primitive operations (Z2& & &)

can not be defined in terms of the others

— otLtel =2l 8 JlssE =, UHE H&t= 0|= ot

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

22 HAatE 0ot e == AS (intersection, join, division)

RNS = R-(RS) = S-(SR)
= (RUS) -((R-S) U (SR))

i
g
o

1>
50
i

R3S = 6 o5 (RXS)

R(Z,Y)=S(Y) = R[Z] - (R[Z]*S) - R)[Z]

Halg Bl 28 S0
O HE s

a k[t %a=23mmf&m Department of Computer Engineering 29
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Relational Algebra2| & &

d Semijoin
@ Outerjoin

@ Outer-union
c AOI-I-I O] Ilj;” (&:I/ﬂ-

T T/ T

% SUM

@ AVG

@ MAX, MIN
4 COUNT

4 GROUP

a Idt 2EZ 0B Department of Computer Engineering 30
Kumah National Institole of Ii-r-hmrlui_!_\


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

Semijoin: x

@ R(X),S(Y)2 =0l HERIREE 7Z=XNYZ2} 5t
RIXS = RI><IN(H A(S)) = T« (RX\S)

02 M EH

—

ﬂJItI

@S2 natural join & %= /A= R &

@ ==

@ RIXS #SXR
@ RXS = RXSIXS = (SIXR)XIWR

— XcloliOF = GIOIE 2 20l THE

— Query Optimization

Department of Computer Engineering 31
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RIEANNENNCE sl 0.
al bl | cl b1 ¢l di b1 | cf
a2 | bl | ci b1 ¢l | d? b2 | 3
a3 | bl c2 b2 | 3 d3
a4 b2 c3
XIN gt
\
“ DXInS qu R XS
al bl  c1  df o o o
al bl | cl | d2  — — o o
a2 bl cl | df . oo | o3
a2z | bl | cl  d2
a4 b2 | c3 | d3 Semijoin
Natural Join RIX'S = RIXI\(IT 4(S)) = I «(RIXIS)
amﬁﬂfﬁ?ﬁﬂ Department of Computer Eni=r%<e%¥in 32
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Equijoin, Natural Join and Semijoin
"Talelc “T8lclo

al b1 cl
a’l b1 cl
a3 b1 c2
a4 b2 c3
Equijoin
al | bl bl | c1
al | bl bl | cf
a2 | bl bl | c
a2 | bl | b1l | ci
ad b2 b2  c3

bl | cl1 | di
bl | ¢l | d2
b2 | ¢c3 | d3
== HHA
cl | df
cl | d2
cl | df
cl | d2
c3 | d3

s TS L —

Kumaoh Mational Institwle of Techng

Natural Join

al bl  c1 | df
al | b1  c1 | d2
a2 bl  cl1 | df
a2 bl | cl | d?
a4 b2 c3 d3

Semijoin i D AHHA

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

Department of Computer Engineering 33
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SZ0| ZOIE AH 22 01&0 BHE
A2, ATHE G(ull) S22 1S0] Z

= 4
e
o
g
| 0
ol 0

a hlqt_ﬁﬂﬁ‘?ﬁmj‘m Department of Computer Engineering 34
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outerjoin

a Idt SES2SH

Kumaoh Mational Institwle of Techng

Natural Join vs. Outerjoin
s 8/c|D|

df
d2
o}
d2
d3

al | b1 | c1 bl | c1 | di
a2 | bl | ci bl | ¢l  d2
a3 | bl | c2 b2  ¢c3 | d3
a4 b2  c3 b3 | ¢33 | d3
N —=———__\
RS DFN
AlB|C D] A\ S
SRR RN . Al B C D]
al ' bl cl1 | d2
a2 | b1  c1 | di al | bl  c1
a2 | b1 | cl1 | d2 al | bl  c1
a3 bl  c? a2 | bl  c1
a4 | b2 ¢33 | d3 a2 | bl  c1
b3 | ¢c3 | d3 a4 | b2  c3

Natural join

Department of Computer Engineering 35
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=
& Jtsotkl

degree(Xt==)E

Outer-union,

oo
(= —

=l g

— R(U): degree n, S(V): degree

— R OJOIN S
=RS U ((R - RS[U]) x (null, -,
& nulls in the primary key position

- =X

RW a
A B C

al
az’
a3
a4

b1
b1
b1
b2

cl
ol
c2
c3

s TS L —

3

nullm-1) U ((null, -,

U+

null)n-1 x (S - RS[V]))

ur—AlBlclD

S a’2
'8[co| o
a4
bl | c1 | di
bl | c1 | d2
b2 | c2 | d3

b1
b1
b1
b2
b1
b1
b2

cl
cl
c?
c3
cl
cl
c?

o}
dz2
d3

Department of Computer Engineering 36
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S A AL

@ TH A&
@ SUM: &, AVG: H 2t MAX: = TH2t, MIN: = At
@ COUNT: & & Lol =8t gtel = —
@ GROUP: NI EE OHEIRE g0l (it EE2== AEYE @EO*;

— SUMMARIZE SP GROUPBY (P#) ADD SUM (QTY) ASTOTQTY

® AVGyx(SE
- S5 a'EIIOIHOH Aq= 8 HECIFE ai=0 Uoll el AL

- S %HIOI ol EES= &4 ol et A8 &

=
0

% & == GROUP (GROUPBY)

s ) A2 HECRE

@ F: &t &= (SUM, AVG, MAX, MIN, COUNT)
@ B: 8 HE UHY HECIRE

% E : Relational Algebra Expression (2 Al CH== A1)

a Idt %a=23mmf&m Department of Computer Engineering 37
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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

~ B CIOIE 220 oA EE gt
— 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= 382 R20/Icte At O

[ ] . .
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Introduction

@ Two kinds of relational calculus

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

- N&=E Ealojge et ES=E N8l FE =Y

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

- NE=E HECIRES hele o S AgtPsE 2= Fots B

—  QBE(Query-By-Example)

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

@ Tuple Variables
NEE dyo|de st EE02 o2 FE £ U= B

£ = H 2 (tuple variable) &= = & ?/ H ==(range variable): t
HLIA! (range formula) : R(t)

- t=RY FES H=E

R:t2 &2 €dl0l& (range relation)

@ St& OH E2l 7 E(qualified attribute) : t A == t[A]
- SE 8=, HJ Bt &22 0l OHECIFE A2l 4
—Student(s)
s.Sno

a K[t ¥E=Qﬁﬂlﬂlﬁm 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)

O =IOt IHE HXl (A2 A = S=0)
QuantifierJt B0 @ H Z & 1] predicateLt &0l CHoHN = AKX LS

- (VX)P(X)
Al

A-Iém, EDF#, U;q#, O_+_’

SymbolZ H &
@ second-order &= = higher order predicate calculus

permit variables that represent predicates

7= 01 JF = O (predicate) & + &
=c (= A2 HI=0IC, (VP)P(X)

- i — |—; AL L

A =2 HEAsLe2E 4=

ol
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Tuple Relational Calculus

@ 23dt= 2 dI0I& 2 tuple calculus expression@ & &2l gh &~
Ol= I )| H
M - 1L =
@ Query: {t|P(t)}2=2 X&

P(t)= tuple variable t0ll 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 K[t %a=23mmf&m Department of Computer Engineering 44
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Formulas

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

t: &= B RIt2 Pl €dl0lA

tAOUB
tu:E=H A B:t2tulll CHet ot OHEZIRE

0:HIW &A= £, <, <, >>
t.AOcC
A:E= =100 CHe
Atom?<2| & it= BtE
@ A formula can be:
An atomic formula
—p,p/\g, pVgwhere pand g 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 2EZ 0B Department of Computer Engineering 45
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Free and Bound Variables

@ Quantifiers (& & At)
Vv 8 & A&k XH(Universal quantifier) — “for all”
4 : &M & & XH(Existential quantifier) — “there exists”
@ Bound Variable (55} B )
Formuladil 3x & VxE EZ&at0 /UCHH x= bound variable
— cf.) bound variableO| Ot 232 free variable
@ Free Variable (X7 Y =)
Quantifiers (V and 9)& et& &l X| &= 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)

=, L& 2 = tuple variable= 2 quantifierE AHE 8t bound variable
Ol H OF &

[ ] . .
a k[t 3803 UNI Department of Computer Engineering 46
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WFF: Well-Formed Formula

@ & A (WFF, Well-formed formula)
Atom, Boolean operator (A, V', =), quantifier (V,3)Jt TS 72!
Ol et 2= A
2 = atomic formula(atom)= WFF
@ FJ} WFFOI &, (F)2t —F& WFF
@ F2t GOF WFFOI ™, FAGRF FVGS WFF
@ £ Z B4 tJ} free variable2 AFZ = F(t)JF WFFOI H, V t(F(t)) 2
= t(F(t)) WFF
® {2 RIS B HE
WFF2| Ol Al
s.Sno = 100
c.Cno #e.Cno
s.Sno=e.5no N\ e.Cno # c.Cno
(de)(e.Sno=s.5n0 N e.Cno ="'C413%)

ol

HA Bt=S & A2 WFF

a K[t aa=gammqm Department of Computer Engineering 47
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Tuple Calculus Expression

g =4 ke WEF
{ 1:1'A1’ 1:2 A29 > tn An | F(tla tn’ tn+1a > tn+m) }
=
F(t,..os to thagoeeos tham): i 2= WFFE 24 S B A
Target list

— 9FQH () 20l L2 qualified attribute =

— alist of “target items” separated by commas
— SOH( ) LEHH SHE XHS =Sl 22 FE &
d example
{s.Sname | STUDENT(s) }
{s.Sname | STUDENT(S) A s.Dept="2 =& }
{s.Sname, s.Dept | STUDENT(s) N\
(de)(ENROL(e) \ s.Sno=e.Sno A\ e.Grade="A")}

[ ] . .
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Ol Al

@ U= CA130 N dH0| ARl st st = 25 Z Mottt
A

{e.Sno | ENROL(e) A e.Cno='C413'A e.Grade=

@ U=C413= Ss=ct =l 0|sd st = 25 dMolet
{ s.Sname, s.Dept | STUDENT(s) A 3 e(ENROL(e) A s.Sno=e.Sno A
e.Cno='C413) }

g 2= _Ll'EO'” =35} ol—/\HO| OlEO @CJ D—I/\I-IO|_E|_

— O I T O —

{s.Sname | STUDENT(s) A (Vc)(Je)(COURSE(c) NENROL(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) A (— J¢e)(ENROL(e) A s.Sno=e.Sno A
e.Cno=‘C413’) }

a k[t %a=23mmf&m Department of Computer Engineering 49
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Domalin Relational Calculus

@ 2 ot= E€dl0l& = domain calculus expression@ & X & otl= 2 E&
@ Domain variable
ANE= HECIFES T Holo e FABE gt 2 FHote H

02 rio

— HOM HECZIRTE 0|8 20l x 2! xSno, xSname, .
HPIA S AFE0HH &0 el & A
— STUDENT(xSno, xSname, xDept, xYear)
@ Atomic formula
@ R(X1’X29 n)
— X ClHIO' M=, R :x;2l range relation (H < a0l &)
— <Xy, Xy,..., X, >0l 6H Iot= gt 2lAE= Y 0ldE R &=

@x0y
— X,y E0Q H=a0: W AR (= 4 <, < >2)

@ x0c
— x:E0Q Ha 0l HAAKI o xIF Z2E SHCgel &b
XS Al Z b= BHE Al & (True) £= D A(False)

a k[t %a=23mmf&m Department of Computer Engineering 50
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Domain Calculus Expression

Target

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

N F(Xl””ﬂxn’xn+1a---:Xn+m) : Xioﬂ CH el WFF

Target list
— OFH (] ) 20l L2 domain variableS
— OH( ) 2EHH BAM=E £2HS 2H=E0t= domain gt L2 BH=H X
= tuple
example
@ { xSname | STUDENT(xSno, xSname, xYear, xDept)}
@ { xSname | (3 xDept)(STUDENT(xSno, xXSname, xYear, xDept) N
xDept="Z F ") }
3 { xSno, xDept | STUDENT(xSno, xSname, xYear, xDept) A

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

[ ] . .
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Ol Al

9 ZFEHSU34SEH2| 0|S= Mot
{xSname | (dxYear)(dxDept)(STUDENT(xSno, xSname, xYear, xDept) /
xYear >3/ xDept="&8 =H") }
@ S C4130I A 0| AQI BHAMO| BiBI2 D& A5t e}
{ xSno | (3 xCno)( dxGrade)(ENROL (xSno, xCno, xGrade, xMidterm, xFinal)
A xCno= ‘C413> N\ xGrade=°A’) }
@ J|Z A0/ 90& O] &tel staiof st O| S = & M otct.
{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|l S=otkl 2 =42 0|S= & Motcet.
{ 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 k[t__ﬁﬂ%ﬁﬁmfﬂ?m Department of Computer Engineering 52

natitule of Technology



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

Idt SESF %l

Kumah National Institute of Technology

Department of Computer Engineering 53


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

QBE

@ Domain relational calculus Al =
J QBE (Query By Example)
41975, IBM
@ CIAZSdI0l @I AIE
@ 0| X2 22 (two-dimensional syntax) &1 Of
@ Oll(example)E 2 2|2 HAIOl AFS

HOlI=S
2l A . i I 22
Relation — Ol I & 2~ (example element) : domain variable =

Name

P._STX 3

Projection Domain
variable

a Idtﬂﬂﬂﬂﬂilﬂlﬂﬁl Department of Computer Engineering 54
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Gl Ol 24 44(1)

HE
0

T HAHS

4 O

Rl

P.ALL
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CIOIEd 2444(2)

@ H0l= 82 B4

@St HOI22 B Atets ZMotet

@ Z2tttet 2 HIOIS 015 20l P. EAl

c Idtﬂﬂﬂﬂﬂilﬂlfﬁl Department of Computer Engineering 56
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GIOIE 24(3)

s CHE ORI 24

0] 858 Ol &0l HLE =13 "'C413°0l S5 &t s o] &

=
S
o

P. >85
o C413
o & 22 (Nl & A

@ 'AND' X241 : 3tLES
~ WEHSI}C413°0| D J|LAERO| 85F 0| ALl &MY

P. C413 >85
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GIOIE 24 (4)

_EC=C413 AND _EF 285

c Idtﬂﬂﬂﬂﬂilﬂlfﬁl Department of Computer Engineering 58
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GIOIE 24 (5)

I =L HOIZHA 24
@ IIYLEH0 858 01&f0I HU = "C413° S

=
=

oin
rol
1
0=
10
=
ol

STX 285
*= | _sTY | c413

Link

STX P.

STY P.

c Idtﬂﬂﬂﬂﬂilﬂlfﬁl Department of Computer Engineering 59
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CIOIER 2 &

9tz Y REQ &Yl

—

@ 8'810] 1000] 2 BH2HS I} ‘C413°01 EZ 4t

insert |‘ 1 OO C41 3

Note : Primary keyJt n IIOI HAM= o+

9 SZ2MS 0|88

STX 4

' Iﬂtauaﬂamumm Department of Computer Engineering 60
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CIOIER 2 &1 Al

@ St HIOIZ=O0 AL &K
@ =rB810] 1000 st = St HIOI S0 Al ALK
delete D. 100
@ == HOIZSUHAMN d2& ALK
@IJ|YHA0| 60& 0|22 St S S5 HIOI= U sTAHIOI= U A
AR
_STX <60
D. _STX
D. _STX
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