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CIOIE /IOl A =5

@ UIOIEHIONA 2=
DB & H & K: M X attributeZ relationZ £ grouping &
@ (Logical) database design
DDLZ Jt Xl 12 conceptual schema & 2

Given some body of data

— suitable logical structure
— (what relations & what attributes in Relational Database

Application independent design (what, not how)
Conceptual “schema” design

@ Physical database design
Given logical structure — suitable physical structure

GIOI EAHI O]
A0l
2201t
o

[ ] . .
a Iqt e Ll e | Department of Computer Engineering 2
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CIOIE 2 =cl& 2=

@ 2HE GIOIHBIOI AN M= 2 A A2 (relational scheme)

o 2 A0l ol s e
SH 22 = 0/t HE N 2AHAH S E&ol 28 A2

OF L1 O

i. attribute, entity, relationship LIS &

1. 2t = attribute= =2 relation = 5
— UI0IEf &4 : attribute= 22| 2t AH A

- 235802 40l Xcl

ol 2

- GIOIeHS €24 =7 Al
HEH SO Ol 2
- GIOIEH 2l ==4 tiAl
— 0] & (anomaly)

Department of Computer Engineering 3
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0l & (anomaly)

@ example : ==& relation
@ High degree of redundancy — problems

=)

| A G
JHR D AJCHD
3

3 It

NAEAPAEAPAEADN—=2 = =00~ Pd

Primary key: & 1= YHs

aldtﬂﬂiﬂﬁﬂ}[lqm Department of Computer Engineering 4

Kumoh Mational Insiituie of Technology
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Ol 2 (2)

@ AHMl Ol 4 (deletion anomaly)

200H sHAH0] 'C123'2 S 5= F &
= 3std0|cte 82X S A M S

o4 A /%*Hl(trlggered deletion)0fl 2let 2

information)

@ & Ol4 (insertion anomaly)

600 SF-0| 2sF4 OIE’Ji AN S &8

= HE == Ss=otAl = et &80 =

(- U= HSI} Prlmary key)
2otK =8B 2l & e

A0 &F (update anomaly)
400H stio| stA S 40N 322 HE
S IH Al

—

=

A~

—

&l (loss of

= 252 HAAIHOFE
== 0|HO 22 HBAMOZ HE O & &=4(inconsistency) & a4

a I(Tt aa=eamtnmm

2ot

B

A
O

AI2ICH

Department of Computer Engineering 5
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A0let SF2 EEE ot €d0ld2 =2 Haotd ot )| =
Attribute= 2H0ll &M ot= X S5 2 H S ofLE 2] relation0f] £ &
@ Ol&te ol 2
AttributeS 2t2| SE2HE 40t HHIHE| relation2 2
(decomposition)ot= U 2 2
= & 71 3F(normalization)

ol

Rl

@ Normalization theory

Allow us to recognize certain undesirable properties and show how
such relations can be converted to a more desirable form

[ ] . .
a Iqt e Ll e | Department of Computer Engineering 6
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AJ[0F S H 2 BE

@ A0t 2 AH - GIOIEHBIOI AL =2l & & A
@ attribute= Ut OS2 M =H (B54)== =&
@ &= Z2UE GAIE MY A0 et Hed IHEl relation@ =2 =&
= A J|0F ¢ 2 (schema transformation)

@ AJ|0rEee &l

@ X B0l 8 AAl
oL TT=

@ HolHe 554 4
@ 22lo A=
@ Normalization procedure

The successive reduction of a given collection of relations to some more
desirable form

INF — 2NF — 3NF — BCNF — 4ANF — 5NF

[ ] . .
a Iqt BB Department of Computer Engineering 7
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Normalization

@ &= (Normal Form)

@ 0™ LA K2 XHES BFESE= relation

@ & 732 (Normalization)2| & =

=
- J2fLH O Hi &g 2x
@UOOoIHS =8 24

@ =222 #X

S A0l ZAH = EIHS relatione =z S
— relation 2F2H0f| CHolf S &€& X 2|JF Jbts

a hlqt_ﬁaaﬂammqm Department of Computer Engineering 8

natituie of Technology
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Normal Form

Q
0
5]
09!
i
=
1<
H
0
1=

Al

& = HI & 7 relation

a hlqt_ﬁaaﬂammqm Department of Computer Engineering 9
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=} A
°|=|.—I‘

== (FD)

@ Functional dependence (or functional dependency): FD

R(U): arelation R
X,Y < U:attribute X, Y

a I(Tt 3E33UGYa

R.X — R.Y: Y is functional dependent on X

(or X functionally determines Y)
Each X-value in R has associated with it precisely on Y-value in R
(i,e, Vu,v € R, uX]=v[X] — u[Y]=V[Y]

H ™ relation ROI A, attribute X2| gt 225 0f] CHol attribute Y 2| gf0| ofLE

— attribute Y= attribute X0l &4 =% X > Y

Y

X
attribute X= YE (&f+&C2) E2E R
— XE & & A}(determinant) ’ :
- YE &= XH(dependent)
X, YE 2§ attribute 4= US ) .

ot

A

Department of Computer Engineering 10
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B4 E5(2)

-—

9 =27 ER 2L X

relation ROl Al attribute XJF S 29| &,
A

— RO 2 & attribute YOIl CHoll X - Y & &
= 8| (Candidate Key)2| & 2|
- S 24 (Uniqueness): 25 &0|ot) &
- E A4 (Minimality): & 226t HECIRE=Z20 24

A= =2EI|8= &= A0] Otg

<2

dFD

BaZEAX Y AR
~ attribute XJt BFE Al I|(RY 2h2ts A4S QAOR BHX &S
- % atrbute X2 SO01 GiLL 0140l SBOIM 28 28

- UEh X w0l 2UEHE Y gt &&= 201

Department of Computer Engineering

s TS L —
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FD Diagram

@ 2= relation (Primary key: Stgt, 289 5)

<
<<

{81, H=PSt > &5
St — st

'I ilqgagamuqm Department of Computer Engineering 12

Kumaoh National Instituie of Technology
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Full Functional Dependency

@ Full functional dependency
@ R.X — R.Y: Y is fully functional dependent on X
@notd Z C XsuchthatR.Z - R.Y
— =& attribute X0l CHot| X —» YOt A& e [f ZJt EMOHA 2

@ 22 &= B (partial functional dependency «> full FD)

N DB DMDN 2 = 2O D

a Idtﬂﬂﬂﬂiil}[lqil Department of Computer Engineering 13

Kumoh Mational Institwic of Technology
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=2 7%

@ &=+ S50 Uoll =2 #A&0| &
R1: (Bt AL, reflexive) A 2 BO|H A— BO|C}. &8t A — AO|CH
R2: (& J}, augmentation) A — BO|™ AC — BCO| 1) AC — BO|Ct.
R3: (O] Y, transitive) A — B0O|11 B— CO|l™ A — COI|LH.
R4: (= 0oll, decomposition) A — BCO|™H A — BO|C}.
R5: (Z &, union) A —BOl|22 A— COlH A— BCOI|LH.

=22,

@ &+ S==2 U0l 2 2 Dl(data semantics) H &
GIOIEIHOI AT} B4l HIHE EE [ BR6H0F S /0| =

NS
_0fl: “BHEl , BHH" 0| O (]= “BIME BHLIQ| BHA O OF S BT}
_ BE0] BHLIQICI BHEH0| S JHXI 240I2HH HAl NS R HEE 20| &

a Mt aa=ﬂamtnqm Department of Computer Engineering 14
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INF: First Normal Form

@ A relation: first normal form (1NF)
All underlying simple domains contain atomic values only, any

normalized relation is in INF
2= S W0l & Xtgk(atomic value) 2t 2 2 = relation

@ 0 : =& XX relation
=Zd A (EH AN st =28s 85)
Primary key: {%“jd, =S}
FD: {8, =535} > 4 &
St — KlED'—_J'\_ 3NFngé|6H
st — st A= i
X Em4 — 3t -
S ~ NEZm$
/\‘|§"| < \ \L
WISHS st
51

a I(Tt 3E33UGYa

Department of Computer Engineering 15
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INF Gl Al

' Idtauaﬂamuqm Department of Computer Engineering 16
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2NFE €| eF Anomalies in 1INF

@ INFOIAM 2l Of &
® &0l 4
— 500H i HOl XIT W=Dt P4ct= AMPAIS M2 HE nit=2 S5
otAkl 2= st & SIts
- Entltylntegr ty rule (4% & X): Primary key gt 2 882 L= 20}t
NULLO| & = SiL}.
@ AFHIOI &
S=E2 FA0H 0| F 2= MM ER XN

— 20081 stA0[ C1232] S
dENA =&

wJEp2ete 38
SHH 0] 40001 4

Q) AHAIO| &
— 400 stMOl XIS P10 A P32 HA
HEES XSWH A4S 25 P32 HAHMNOF &
Department of Computer Engineering 17
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Solution by Suitable Projections

@ INF 0| & (anomaly)2| & Ol
Primary key 0| partial FD(2 & &+ &=)& attribute )t &1
2 2t St attribute I+ = i

—

Primary key& A8 &l =

)
= IJHAl & 0let 20 £

@ INF 0| & (anomaly)2| oll Z
Projection2 2 relation= decomposition(= off)
— Partial FD (B & &=+ &%) M A

= 2NF

[ ] . .
a Iqt ﬁaagamtnqm Department of Computer Engineering 18
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2NF: Second Normal Form

@ A relation: second normal form (2NF)
1) INF
2) Every non key attributes is fully dependent on the primary key
— Non key attribute: any attribute that does not participate in the (primary) key

INFOI 11, 910l =0t &= attribute== 25 Primary keyQil full FD (&2t& &+ &5
A relation: 1NF, not 2NF — collection of 2NF relations (suitable projections)

@ Nonloss decomposition (2 =4 &0H)
I 2 M A
—_— =1 >
INF — ~ 2NF
Eod

Original relation: recovered by taking the natural join (-"-no information is lost)
Projectionct 04 = ol = relation= 2 natural join= Solf & 2l 2 relation@ £ 57 Jts
HcH2 relationtiH 2= = U= 2= Zol= relation=S 2 FHE 22 = US
ciLl, 1 9= et8o 2 dEotkl X3
&42) 01 42) Ol Kl Ol Al 5008 StA0] X w4Dt PAcE HE& RAcHO relationfi e E& £}
- MZ 2l 2NFOUAE SA MHE 2CHE H8 Jls

oIr

. . .
a hlqt_ﬁaaﬁammqm Department of Computer Engineering 19
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2NF Ol Al

@ 0l : =& X & relation = X &, =2 relation@ £ 2ol
eN=EYH NEw=s sty

Primary key'{§ A} R(A.B.C.D. Ey) = Rl(t - ])

- el S

@Y (B, =S, & R2(A, B, €)
Primary key : {StHH, II=HS } =
Foreignkey : {&H} X : X &

X< =

E
>
o
£

0

i
Aﬁ
50| | 1
[
1S
Jjo
i
ok

Y

0X

I

a Idt aa=23mtnqm Department of Computer Engineering 20
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2NF Ol Xl

&2
a Idtﬂﬂiﬂﬁil}[lfﬁl Department of Computer Engineering 21
Kumoh Mational Institwic of Technology


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

3ANFE {8t Anomalies in 2NF

@ 2NF(Al T relation)0il M 2| O & (anomaly)

® & 014
- 8 N zuw=Jt S S0 Hetli= A2 2l - =2 ts
— Ol Kl: XIS w== P4t =St 0t0f] &&HT
@ A MOl &f
— 3008 stlio] E5= AtMlotH X = w4 P3Jt B FEH S0 =8t

@ A 410]4f
- AEw=+P12 450 BRESSUUHAM dAtds AH0UE SH
Ol 1001t 4008101 =JH2 S22 25 HEotHOF &

Department of Computer Engineering 22
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J
Kit
TD: Transitive (Functional) Dependence

@ 2NF 0| & (anomaly)2| & Ol
Transitive FD (TD)J+ =i
R(U): a relation
A B CCU
RA—-R.B,RB—-R.C = RA—-R.C

Ol & &=~ == (TD, Transitive Dependency)

A—-BOlZ2 B—-C=>A—>C
(5, attribute C= attribute ANl O &H X & =
@ 2NF O] & (anomaly)2| off &
Projection2 2 relation= decomposition
-~ TD Ml A
= 3NF

O

=
—/

[ ] . .
a Iqt ﬁaagamtnqm Department of Computer Engineering 23
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3NF: Third Normal Form

@ A relation: third normal form(3NF)
2NF

Every nonkey attribute is nontransitively dependent on the primary key

— The non key attributes (if any) are (1 ) mutually independent, (11) fully dependent
on the primary key (not FD each other)

2NFO| 11, 2|t Ot 2 = attribute= = Primary key 0| transitive FD(

Ol &4 Zx)E X &S

@ Nonloss decomposition (2 £=4! Z0H)
=2 M
2NF ~ 3NF

ol

2l 2H 2| relationGl A &
DE=QAOL D 92 A& oA

— & OlA AN A=Wz P4 =5 0t0f| Setlle 82 28 0| 3NFUHI A=
| = ol &

[ ] . .
a Iqt %ﬂ%ﬁ!@‘ﬂlﬂ?ﬁl Department of Computer Engineering 24
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ol A oN
@ 0Ol : XX relation = &t X &, X & W 4=5 1)} relation2 & 2 ol

CSUNE (&, X En=) RAB L) = riE

Primary key : {21} R2(B0)

Foreignkey : {XI= W=} &L XIS W5t L4
@ XN u=stih (KNS ==, &1

Primary key : {X| =1}

S N =mES JN==mE-= > St
Xl &= w =38t

' Idtﬂﬂﬂﬂiil}[lqﬂ Department of Computer Engineering 25
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BCNF: Boyce/Codd Normal Form

@ 3NF2| e &
I . S =EI|E IJHXNA YLD
i, 2I|=0| =& attribute=2 & & 1)
ii. 2|50l A2 SEH=ER
= &=2 FIts
= B L BHA 91 Boyce/Codd Normal Form(BCNF)=2 Al ot
a Idt aa=93mtnmm Department of Computer Engineering 26
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— Determinant

— Any attribute on which some other attribute is (fully) functional dependent

determinant(Z 8 XH)Jt =

Relation RS 2 =
BCNFO| = etLC}.

BCNF

@ A relation: Boyce/Codd normal form (BCNF)
Every determinant is a “candidate key”

“3BNFOl12..”
& 3NFOI
CH&t
ESPSP=lo]|

C=HT BAO

2 I|0|H relation RS

@ Relation RO| BCNFO0Il =ot™ R2 1NF, 2NF, 3NFO0f| =&
25t MI3& A& (strong BNF)Ol 2t 1 & &

@ 22 0l Ml Relation= BCNF_'DP’?

2t Relation2] J129|JF 2%
YES: =&, stMX &, NI
PN =N =

NO (3NFE OFil) : &

a I(Tt AEEQBIUL

Department of Computer Engineering 27
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3NF Ol Xl

-

0]
ok
i

BCNF

#%ﬂk% relation

AV
~ K
s

o
Z 9
QLN
W©
D

F oo
E o3

ol <
K[ ol
O o
0J go 00 70
<0 80 =
ijol" 3 A_.
__o_ E_. _lw_
ARG
O ol D
= JlJ oy
Eﬁ <k O
AEA
NI R
I

B
Els

0ir

_n_lll,Ll

.J
__o_.
oI

=
nO

e

or
=
()

<+

Mﬂ
B <k
_F

o oo E_. ~ 1

~ ﬂ Eﬂ
0fr W._ _H,
= %r B
W_ ~ ol
ol V..
Yy
™ S Ko
B E <

0k & o0

imary

»OPe

Eﬂ

H
4

~ [3

3
E

Fill
or] |3
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BCNFE {8t Anomalies in 3NF

2 < )
3 = m
ol 00 -~
A0 2 =
-
il o |
ir ) o
0l s =
ol T 15
<D 30
wl
0 = Iy E
S S M+
_  O% o Iz
ol 2 < <
X w2 K- <0
= 0l 5 N =
—~ i 2 K <
S Kix o0 EL0)
S yg KL o0 o
% = o U all
0
= 8D Wg i
' <0 A_.O <0 5 I <0 Sl
< <! 5
Z o S ®
o

J0

Department of Computer Engineering 29
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BCNF 0| Xl

@ 0 =L = relation = =d W, =12 relation@ =& = o
ST WE(EH, 0E)

K
Jjo
3
I

Primary key : {81, I ==}
Foreign key : {4} &X : =24
(==, U8)

Primary key : {14}

TIPS

nE=imE

Y

o=

mEe

E
1>

FH

Jo

Department of Computer Engineering 30
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BCNF 0| Xl

@ S(S#, SNAME, STATUS, CITY)

@ S#, SNAME: two disjoint (nonoverlapping) candidate keys
— Primary key: S#
— Alternate key: SNAME

4 BCNF
S# STATUS
A
SNAME CITY

q Idt e Ll e | Department of Computer Engineering 31
Kumoh Mational Instituie of Technology
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S#

P#

» SNAME

@ BCNF

Not BCNF Oil X

@ SSP(S#, SNAME, P#, QTY)
(S#, P#), (SNAME, P#): two overlapping candidate keys
3NF, but not BCNF ("-" S#, SNAME: determinants)

QTY

Nonkey
attribute

S(S#, SNAME), SP(S#, P#, QTY) or SP(P#, SNAME, QTY)
oro| B M= D2i5te S(S#, SNAME, STATUS, CITY),

SP(S#, P#, QTY) or SP(P#, SNAME, QTY)

P Kit=ezezuno

Kumah Mational Instituie of Te rehnology

Department of Computer Engineering 32
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Multi-valued Fact

1t

Ji0
Ji0
Jh

(UCPT)

< HEAE

W& U=(CPT)
< BCNF

" Primary keyOll &3l Xl &= determinant attributed} %S

Primary key: (5, ==, WiH)

' Idtﬂﬂiﬂﬁil}[lqm Department of Computer Engineering 33
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ANFS

£ 8t Anomalies in BCNF

P IHEU=0AS HE Ol 4
PAJLLIOIEIHIOIAE BEetlUes 85
_%_EQ ALO|

A2 42 Al 302 W AHOIf CH et
Prlmary keyO| nuIIE

=) % _JF HAEEE-
— . Cartesian product 0| 2 £ .,
- S5 primary key2 StA| 2211 null%

|'_L

F WXHol| M Cartesian product 2H8H AFS

@ BCNF O &2 & 0l

=, 82 Dol

=2 WL Wil gt otLEE Z28ot= Z40] OfLlet & Y
O| g, = multi-value(set of values)e =S
b=

- W= W (or 4= — — W= W KH)
(2t 2A)—-{P1,P2}
(A RX) - {T1, T2}

a I(Tt aa=eamtnmm

Department of Computer Engineering 34
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Kit

MVD: Multi-valued Dependency

EJ
Ao

3K Ol &)

CHXI (CH=8f) &= (MVD, Multi-Valued Dependency)

Relation R(A,B,C)0IAH O{H™ (A, C)2t0l CHSol= Bgiel EE 0l A
g2 B D Cgll =8€0H UXl 5 A»BJt &8E

- (AC)—{B}=A~>{B} ECHIETHIETR
A multi-determines B o AR
B is multi-dependent on A U £
A->»>BOIHA»CE &8 =,A-»B|C

@ 2=FD= MVDOIU, E2 dElothl 235 a0 ks ADl
MVD: A generalization of the functional dependence
=, A—-BO/H A»>BJI 8 (MVDe= (W] Jf, FD= & et D eh)

@ MVDE Jt&l relation2| = ol (Fagin2| &2/, 197743)

R(A,B,C)0l 4 MVD A -» B|CO| & R1(A,B)2 R2(A,C)Z nonloss
decomposition (=4 Zall) Jt=s

a Mt aa=ﬂamtnqm Department of Computer Engineering 35
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4ANF: Fourth Normal Form

@ A relation : fourth normal form (4NF)
i ) BCNF

11) All MVDs in R are in fact FDs

Relation RO| BCNF0| =6t 2& MVDJI FDO| ™ RS 4NF
— MVDJ} &2 ANF

@ Relation ROIA MVDA »BIFEME [ RE 2 &
attribute= 0 AQ| &=+ S=(FD)O|H R2 4NF
= RO 2 E attribute X0l CHoll A — X 0|22 AJI 27|
d 20|
01& relation ROl 4NFO|&E MVDJ} 8121 Lt, FaN

»

MVD A —» B|C7 S 2

ol H =mw, etof || ate, ol

F 0l

- AlltiEsE= B2 C
- Ol A= —T—F.'_]IE’JE

_
_’_

LEA O O OF of 4

>y \_0
uo gy

a Mt aa=ﬂamtnqm Department of Computer Engineering 36
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ANF Ol A

< BCNF

" (keyOll =6tXl = determinant
attributeJt 18

Primary key: (2+=, W=, W)

MVD S - | B

nix=smp\;

1]
i
S
1>

@& 4NF

—— Department of Computer Engineering 37
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) e

@ Rissanen's work
® R(A, B, C):arelation
@©A>»>B,B»C(orA—B,B—C)

@ R1(A, B),R2(B, C): independent
(R1(A,B),R2(A, C):notindependent)
- (A, B)(A, O)2 Lt (A, B)(B, C)Z projectiong 0| Ht & & 6t Ct.

c !qt ﬁaaeammmm Department of Computer Engineering 38

tional Institwle of Technology
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n—decomposable (n-=0ll) Relation

@ Nonloss decomposition

A relation = two projections (INF — ... — 4NF)
— 4ANFI} Kl = 290 2] relation2 &2 decomposition(= ol)ot 2 & Ml off 2
— 2-decomposable relationOl 2t 10 &

three or more projections (4NF — 5NF)
— BNF= nJH 2 decomposition & £

@ A relation: n—decomposable (n>2)

The relation can be nonloss-decomposed into n projections
but not into m projections for any m <n
— nIH 2l projection2 2 Bt nonloss decomposition (=4 Z2o)E = U2 H m
(m<n)JH 2| projection2 Z = nonloss decomposition0| 2 Jt = &t relation

a Mt aa=ﬂamtnqm Department of Computer Engineering 39
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e — R D s e o= ng—"!& \ 4
ZERAN 20 o spc| sk | PK | cK
=3 S1|P1| C2
s1| P2 | Ct
s2 | P1 | C
s1| Pt Ct
@ Ol Al : Relation SPC gERG-T 7
A v
@ ANF sP|Sk|PK| pc|PK]| CK
— 2= attributeJt primary | S1| P! P1 | C2
k O‘” _,_o|. S1 | P2 P2 | C1
ey s2 | p1 P1 | o
— FDL} MVD S8 \
@ SPCE T2 M M50 Al K UM X0l
O] SP.PC,CSE A A SK | PK | CK
@ ANl JH2| relation SP,PC,CS g] g] 8$< _—
S XOIGHA & SPC2| T A4 51 P2 |61\
A0 Jbsotlt 2 He & s2 | Pt | C2
jel Xolbto 2= THM M s2 | p1 | o
= Jt=(Spurious tuple 2 24)

a k‘ﬂ; BBl

\ "

SEM X0l

& el SPC Relation

3_
decompo
sable

CK | SK
C2 | St
C1 | St
C1 | S2
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3—-decomposable Relation Gl Xl

@ 3-decomposable relation
Relation SPCO} Al JHS] T2 A& SP PC,CSe| A0t =
A2 022 20

o= —

(S1,P1) € SP ]
(P1,C1) € PC } = (S1,P1,C1) € SPC
(C1,51) € CS _
= 022 =&t & M 22X 2(3D: 3-decomposable)= BHS
(S1,P1,C2) € SPC”
(S2,P1,C1) € SPC }= (S1,P1,C1) € SPC
(S1,P2,C1) € SPC._

SPC : 3-decomposable relation
3D Nt LHE BHS

0In
Qlﬂ
O
rr

a Iqt aa=eamtnqm Department of Computer Engineering 41
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JD: Join Dependency

@ A2l S=(ID, Join Dependency)

R(U) : arelation
X,Y,...Z2<= UXY,...,Z= R attribute= 0fl CH &t subset)
*(X,Y, ..., Z2): R satisfies the join dependence (JD)

— R =(natural) join of its projectionson X, Y, ... ,Z
— relationRO| 2 ZZ2 XA XY, ..., ZY joinu %%o

A generalization of FD and MVD (JD= MVD2| & Bt&)
~ MVDE JD2 S25 32 (2-23l)
@ R(A,B,C)JtJD *(AB,AC)= Bt=olH, et A2l MVD A » B|ICE
R(A, B, C) satisfies the JD*(AB,AC) <
R(A, B, C) satisfies the MVDs A » B | C
(" < R(A, B, C) =R1(A, B) JOIN R2(A, O))

@ JDE BH=0k= n-decomposable relation= nJH 2| projection2 &2 = oH of
OF &

or=

I3 R ID*(X, Y, ..., 2) 2=

S

SPC relation= JD *(SP, PC, CS)E ©+=
— 3-decomposable relation

— jE',j O 2 5NF Ot‘a! (3§ =2 = ol off OF &F)
a k[taazgz—?‘?@qm Department of Computer Engineering 42
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Anomalies

@ relationOl| A1 S| ZHAIO| At
@ Q) 0| At
_ relation SPC’Oil A (S2,P1,C1)2| &2 Al (S1,P1,C1)2l &t HQ

4o A2l o=
T o -"g Ll o

SPC’

' Idtﬂﬂiﬂail}[lqm Department of Computer Engineering 43
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Anomalies

@ relation2] 2 410] & (con’t)
@ ArHMIO] A
— relation SPCOIl M (S1,P1,C1)2 &t MAI TIE E2 & M-
ALKIOHGH OF &
~ (S2,P1,C1)2l AtHIE= 014 210] Jts

Qj
I
1
]
=

SPC

] O] &to] &0l SPCe= 3-2dl relation

1 0| &tol 6l & : relation SPCE 3-20ol{ &t

' Idtauaﬂamuqm Department of Computer Engineering 44

Kumoh Mational Insiituie of Technology


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

5NF: Fifth Normal Form 9
PJ/NF: Projection-Join Normal Form

@ Arrelation: fifth normal form (5NF) or
projection-join normal form(PJ/NF)
Every join dependency in R is a consequence of the candidate keys of R

Relation ROl ZMHol= 2= X0 50| RO &=EI|E Eoll 82 & H R2
5NF
@ Ol M| SPC : 5NF Ot&!

~ JDZ JtXID 91, ID *(SP,PC,CS)= S2I| (SK,PK,CK)E S5t X &
1 9310} obd (SK, PK), (PK, CK), (CK, SK)Z S5l A JD 8485l

= 5NF Ot
SP,PC, CS 22t 2 5NF (" no JDs)
H= = JmES o= w4, W
n X s w4, Wi my\|

[ ] . .
a Iqt iﬂaﬁﬁmfﬂﬂﬁl Department of Computer Engineering 45
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@ Ol Al

(@]
L

q

=0l 2
o=

It & 1t O

=
-

) relation 2]

212 (JIDIF 27480l 24CH 5NF)

@ =M=JDE 25 H0tU= A0l Hd=s

00

(@]
IK

Ly

0O

DH

oJ
A<
0
ol
Ok

-

(A

I
5

DH
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malization Process

@ Er=t 8 (& =ol)
@ AN st 82 Z

Ol =M CE = U

0[0

\’

Determinant?} candidate keyJ}t
OtL! FO (&'===) HlA

/

BCNF

!

MVD
attribute
=2l

Partial FD (B8 &43%) MA

FO(&+=Z%)0t Ot
MVD (CHXIE=) R A

JDQRI 32
SO Ol &

n iz
=2l

!

4NF

!

Candidate keyE S0olXl 2

JO (ZQIEX) A

s TS L —

!
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Ml =M <2 ol Al

@ 2BAH 9=z 3NF, BCNF & & IJHA| 11
Anomaly il 2/ St inconsistencyE 2 A& = JA2H &
- A8 OZ P =relationS BFE Al 5NFOll S0t = 2oflg 2R= 9l
i v |
NADDR( NAME, STREET, CITY, STATE, ZIP) : 2NF

1 1 1 i)

= NSZ ( NAME, STREET, ZIP)
ZCS ( ZIP, CITY, STATE)

“not desirable” (*."STREET, CITY, STATE are almost required
together and ZIP dose not change very often)

[ ] . .
a Iqt ﬁaagamtnqm Department of Computer Engineering 48
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Concluding Remarks

@ Arrelation : BCNF (4NF, 5NF )
every FD (MVD, JD) is a consequence of the candidate keys of R

anomalies: caused by FDs or MVDs or JDs that are not consequence
of the candidate keys

@ Normalization
Relation scheme=S =464 H

- U= Z 2| &trelations &~ &2
— Z Q& attributeS S ¢ F

=

s
inconsistencyE 2 X & == U ST = normalizationS Sofl & 2| ol O &l
(]

g
e
o
-
I
HU
=
-
b

@ Objectives of normalization process
1. to eliminate certain kinds of redundancy
2. to avoid certain update anomalies
3. to produce a good representation of the real world
4. to simply the enforcement of certain integrity constraints

. . .
a hlqt_ﬁaaﬁammqm Department of Computer Engineering 49
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Concluding Remarks

@ Dependency, normalization: data semantics
Relational algebra, relational calculus, data language: data value

relation2| & 2t= &KX GIOIE g0l OtLIct JHEEHQI SHU M CHF O

M OF &f
@ Decomposition operator
projection
restriction
@ Beyond the 5NF
6NF
Optimal Normal Form
Domain-key Normal Form
Etc.

P Kit=ezezuno

Kumah National Instituie of Technology

Recomposition operator

natural join
union
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