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2 OOl &4t

@ 4ol 24 (D)
D=<§,0,C>
@S PR O HALC A
@ AN UOIH HA
@ AL AIAE U H
@ OO AN : At A L E
@ 2tH 4ol A
i . 2tH CH==(relational algebra)
— EXH AN how
ii. 2t Al ot & (relational calculus)
— "l EXF A : what
- E= Ao A
— Sl 2tH oA

@ 2tH ol & 2t H =

ae

& Ol Lt J

oIr
rD
==
x
O
0l
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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|

Department of Computer Engineering 3
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Relationally Complete

@ AH oL Helg =R A2 25 2dH ==k
g Jis

@ 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
HE GIOIEf & It relational calculus)t e = A= 2= &2
E Eg &= A= [ relationally complete ot Ct 1) & (£ =
relational completeness)

[ ] . .
a k[t 2EZOB AW Department of Computer Engineering 4
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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
- gdiojE: £ &

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 (82| D& &= =)
Relations are closed under the algebra
Ol HAAARE HAE ZUF 25 0[&
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 Joinoltd 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 (&8 JtS)
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
AUNIONB={t|teA V t=B}

Intersection(N) . Union-compatible
A INTERSECT B = {t|t=A N tEB} / .

difference ( - ) : Union-compatible
AMINUSB = {t|tEA A t¢B}

extended Cartesian product (X) Eige e
— Concatenation ( - ) ala| lala| e
ATIMESB={t - s|tEA A sEB}

[ ] . .
a k[t 2EZOB AW Department of Computer Engineering 8
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oIt &8 1 ALK

—

1. &g (union, V)
RUS = {t|tER V t=S}

|R U S| < |R| + |S| Cardinality
.. (F29
11. ) & & (intersect,N) H)

RNS = {t|tER A tES}
IRNS| <min{ [R|, [S| }

11. A& & (difference,-)
R-S ={t|[tER A tgS}

R -S[<R|
iv. ItE[ &8 =S E (cartesian product, x) e
RxXS = {rs|reR N s&S} - [<] [5

Concatena‘tlon Of t:(Al:ala AZ:aZ, 1Am:am)1 S:(Bl:bl, BZ:bZ, ,Bn:bn) ® Y =
— t-s=(Auas, Azaz, -, Amiam, Bi:b1, B2:b2, -, Bn:bn) -
(m+n)-th attribute

[R%S| = R[x][S]

‘P#Sdegreez = ROl X} +S9| Xt

a Idt %a=23mmf&m 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 AL =2 B & (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 10 8 & (commutative) 2

RUS = SUR
RNS =SNR
R XS = SXR

[ ] . .
a k[t__ﬁﬂ%ﬁﬁmfﬂ?m 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 CIT
S1 Smith 20 London S1 Snith 20 London
§4 Clark 20 London S2 Jones 10 Paris
{al Union (A UNICN B) e ey
A st B Pt
S¢ SNAME STATUS CITY s1 ;;
S e i eJEmads S2 P2
S1 Sekith 20 London .o S3 Pl
S4 Clark 20 Londen ’ S4 P4
S2 Jones 10 Paris S5 PS
Ps

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

S¢ SNAME STATUS CIT R =
e  Seoses coooees Soecooe S: P:
S1 Smith 20 London s e
ST P $2 Pl S} Pl Ss Pl S P1
S1 P2 s2 P2 S3 P2 sS4 P2 S5 P2
" " ST P s2 P2 S P s¢& P2 S P3
{c) Difference (A MINUS B) Difference (8 MINUS A) S1 P 52 ps 53 Pa i Pa S5  Pps
. e v At e . Snass oecoes. Sesese S1 P5 S2 PS S) PS 54 PS5 8SS PS5
S SNAME STATUS CITY S¥ SNAME STATUS CITY S1 Pe S2 Pe S3 Pé S¢ Ps S5 P6
5S4 Clark 20 London S2 Jones 10 Paris

a Idtﬂﬂﬂﬂﬂilﬂlﬂﬁl Department of Computer Engineering 11
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T8

@ 24018 :R(X) = R(A,, ..., A)
R EE:r=<a,..,a>
R={r|r = <a,..,a>}
- R2ro &g
- R={r}
- 20,12 HERISE ASE LS

Zr0ll Uit OHECIRE A2 8t
- 1A L= g
— A = r[A] = &
- s 2AHI 48

5 S L E—

al Instituie of Technology

kit

Attribute

Degree
(# of Attribute)

a tuple

Value of the n—th
Attribute

Al>=T1[AL A, ... A ] =T1[X]

Department of Computer Engineering 12
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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 o

— 0 (theta) € {<, <, >, 2, =, #} (predicate)

— v : literal value SUgH >

oagy(R) = {r|[reRATAOV} —

oaos(R) = {r{[reRATAOIB} iy
horizontal subset of R

e
- M8 EAES OIESHs 2Y0IMO LBE 22X

GlOIEd
Q104! 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 k[t__ﬁﬂ%ﬁﬁmfﬂqﬂ Department of Computer Engineering 13
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Restriction (select)

d Example
Cay-zzmg (23)
C atoi =300 A BEvis=ca12(S =)
==
O zaux <ojzyx (S5)

@ U0 HHA HE
R WHERE 214

@ 6x519(0x211(R)) = ox211(0x212(R))
=0x21 . z212 (R)

@ & B & (selectivity) :
@ W XA o & E EE2| HI=
@ Query optimization: MNEHEI} M2 HLH =

02t

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

S

-/

H HIolE e
010{Al EB ( 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='0312' S =

S5 WHERE &81=300
AND WS S="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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example

@ O = (University) 2t 4 Ol Ol & HI O] A

5t Al

(STUDENT)[ 100 A o 4 TS
200 o & & 3 9|
300 = J| 1 2 2
400 &2 4 2=
500 g = 3 5 Atz

(COURSE) C123 Z274y 3 o A5
C312 e px 3 2= B2t
C324 st nx 3 2= Ol &
C413 GO E{HI O] A 3 zg olgz
E412 B & X 3 X} s=2x

' Idtﬂﬂﬂﬂﬂilﬂlﬁﬂ Department of Computer Engineering 16
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example

@ CH=H(University) 2t Al Gl Ol & 81 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

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

@ Projection
@ Yol RX)UHA YEX 022 Y={B,B,, ... B} 0 H,
I, (R)={<rBy,..,rB,>|reR}
4@ vertical subset of R Project
- ddiojEe =28 2E&g 1V
@ duplicate tuples are eliminated
- My S= 522 M
@ Example
— St (&0l 5,
@ OOy dal =
R [By,B,, ... .B]
— e.g., (S WHERE CITY = ‘Paris’) [ S#, SNAME ]
@ TI,(IT(R)) = Iy (R)

SHAYO A TT o (BH4Y)
-

q Idt 2EZ 0B Department of Computer Engineering 18
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[ — E[{l=]

0l0{Al H&

n=[WU=018, 22

]

Lp42 2R E
0l &4+ &0
=PIl 2R E
SEE 2R E
255 5} N
ITa=og ggns®
o2 el 2=
=k 23
CIETEES 0l 7 &
101 E4 1l 0] 2 0=
ot = =2

Idt eSS U

Kumah National Instituie of Technology
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Theta-join : &4 ,4p

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

oel - Ol

—  ((SRENAME CITY AS SCITY) TIMES (P RENAMES CITY AS PCITY)) WHERE SCITY>PCITY
B M My SO 2D L 01E A

ulld

SHAY BHl BHAH 0| S, BHA4 BHA, BHAL BH)
d Equijoin
theta(0): “equals”(=)
— two attributes have identical (& € 2}) values
R >, S = {rs|reER ANsES A (rA=sB)}

L ] . .
a k[t 3BT Department of Computer Engineering 20
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Equijoin Gl X

cf.) Natural =11
Join2 14 % /élsl N

==
=8t © ™/

ShEH —
(5= ®MAH) a =

100 Lt=+=& 4 | BHH 100 C413 A 90 95
100 Li=+=& 4 | 3BHH 100 E412 A 95 95
200 O &%= 3 & | 200 C123 B 85 80
300 & J|EH 1 3+ H 300 C312 A 90 95
300 & J|EH 1 3+ H 300 C324 C 75 75
300 & J| EH 1 &3+ H 300 C413 A 95 95
400 S8 4 | BFH 400 C312 A 90 95
400 S8 4 | BFH 400 C324 A 95 90
400 S8 4 | BFH 400 C413 B 80 85
400 S8 4 | BFH 400 E412 C 65 75
500 S St 2 &3 500 C312 B 85 80

a Idtﬂﬂﬂﬂﬂilﬂlﬂﬁl Department of Computer Engineering 21
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kit
. ] L
Natural Join : x4 (£ ™ )
Y:
@ Natural join ﬁég‘élé
@ R(X, Y)=R(Xy, Xz, -, Xm, Y1, Y2, -, Yn)
©S(Y,2)=S(Y1, Y2, , Yn, 21, Z2, -, Zp)
@R™S
G0l Ef — RJIOINS ={xyz|rER A s&S A r[X]=x A r[Y]=s[Y] =y A s[Z] =z}
20 A (Natural) Join
HE X Az \‘Y ,
al | bl b1} ¢l aljbl}cl
a3 | b2 b3] ¢3 a3 | b2]c2

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

a hch_t 3E=.=‘23mmmm Department of Computer Engineering 22

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

@ Natural join: X
@ R(X),S(Y)2 =0l (HECIREE 7(=XNY)2} otH

RIS

={<r -s>[XUY]|reR N s&S A r[Z] =s[Z] }
=IT xyy(o z=2(RXS))

=TTy y(RX2=2S)

theta—
join

= equijoinl| 20t 0] &
— Ol M) Equijoin: &M &tH S5, i A (ZJH)
Natural Join: &2 (17H)

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

cf.)
EquiJoin2
20 (B=)

o

M S2

Jo
o [E
o

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, B Xm, Y1, Yz, oy Yn)
@S(Y) — S(Y1, Yz, -, Yn)

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

GOl
010f 4]

=&

@ DM 2d0l& R(X),S(Y) 0l TH3HO i
Yc X011 Z =X-YOIH R(X)=R(Z,Y) Jx] [x] B
R+S ={t|tE TI,(R) At -sERforall sES}

a Y

Note:(R+S)XSER

q Idt 2EZ 0B Department of Computer Engineering 25
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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 + Ct 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)

2 2H0olE&0 Ol XA (WM 1)otAHLE O EL
HG (WA 2) [ At=
ps(E)
2H OH==4l EQl Z20H dlolE2 0|F= S& XN &E
PsB,B,, ... .Bm )(E)
2 CH==4l ESl 20 20|82 0| = S& X[ HotHA
OHECIRE 0|&= 242 BB, ... B,2Z HE
P@B.B,, ... Bn )(R)
= 0l@ Re OHEZIR E Of =
@ GAH 1L st sS0HA ZFH st st 0| E &R
HO| E(Gapj 9-| HE_I (gl-/\OH))
— Temp — Gz yomym g (B4
Bl —TI1 =(Temp)
@ OlX2:0/= OHECIREE ¥z HE
Tt (HY)— I, =(Temp)

= E 0O

=
[

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



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

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#: ‘S1’, 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 (2 & & 44)

can not be defined in terms of the others

— otLtel =28 Jls=E =9, UE JM= 0|80t H8

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

22 HAtE 0ot He e == UAS (intersection, join, division)

RNS = R-(R-S) =S-(5-R)
= (RUS)-((R-5) U (S-R))

r |
o
1
50
i

R, S = 6y (RXS)

R(Z,Y)=S(Y) = R[Z] - (R[Z]*3) - R)[£]

Halg Ble 289 S0
CHEHOL | HE s

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

d Semijoin
@ Outerjoin

@ Outer-union
@ 2SHX Ol &H o A

T T/ T

% SUM

@ AVG

@ MAX, MIN
4 COUNT

4 GROUP

a Idt 2EZ 0B Department of Computer Engineering 30
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Semijoin: X

@ R(X),S(Y)2 =0l (HERIBEE 7Z=XNY2} 5} ™

RIXS = RX(IT 4(S)) = TT«(RX\S)

/ EH

otS Al E

—

[lly
10

@S2 natural join & 4= A= RO &

9 =z

@ RIXS #SXR
@RS = RIXSIXS = (SXR)XIWR

— XcloliOF & OIOIE 2] &0l LHE

— 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 ooy
\
“ NS 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)) = M «(RIX\S)
amﬁﬂfﬁ?ﬁﬂ Department of Computer Eni=r¥er(¥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
== MNHA
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 AlA

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

Department of Computer Engineering 33
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@ S LY O|M0 U= SZ0| ZOIS ALY L OIM0 S
Ce 20/ U2 AR, AUE 2(ull) 22 US( Z
o2y 73

a hlqt_ﬁﬂﬁ‘?ﬁmfﬂjﬂﬂ 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 —=———___\
R*s | Dle
AlB|C D] AN 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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Ol Al

Jd PHP
EventE BJiet =2 J|B 2= 0l0l= =FIE EE

$query = "SELECT event.userid, avg(rating.userrating) as rating,
IFNULL(COUNT (rating.userid), 0) as ratingcount,
COUNT(distinct rating.userid) as usercount,
(A42F) user.memo
FROM user, idol, event LEFT OUTER JOIN rating ON rating.eventid=event.eventid
WHERE user.userid=event.userid AND user.userid=idol.userid AND (44})
GROUP BY event.userid
ORDER BY AVG(rating.userrating) DESC, (42f), IFNULL(COUNT(rating.userid), 0) DESC
LIMIT $since,$max";

[ ] . .
a k[t__ﬁﬂ%ﬁﬁmfﬂqﬂ Department of Computer Engineering 36
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Q.
D

«Q

—

D

D

—~
-
i
[l

Quter-union,

— R(U): degree n, S(V): degree m

— R OJOIN S

=RS U ((R - RS[U]) x (null, -

- =M

al
az’
a3
a4

b1
b1
b1
b2

cl
ol
c2
c3

s TS L —

S

elc|o] i
a4

b1
b1
b2

U+

m, RS=RJOIN S

, nulm-1) U ((null, -,
& nulls in the primary key position

mm——
e

df
a2
d3

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

ur—AlBlclD

al
a’

b1
b1
b1
b2
b1
b1
b2

cl
cl
c?
c3
cl
cl
c?

o}
dz2
d3

Department of Computer Engineering 37


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

S A AL

o TH AU
@ SUM: 2, AVG: B 23t MAX: ZITH2t, MIN: & A gt
4 COUNT: & & LHOH =8t 2t I HolE
@ GROUP: X E & HECIRE g0l et S 2SS 18E i

— SUMMARIZE SP GROUPBY (P#) ADD SUM (QTY) ASTOTQTY
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: Relational Algebra Expression (2 Hl CH== 4)
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