Schema Refinement and
Normal Forms

« AJ|0F EH 2 HE
« &= &= (Functional Dependency)
« 8 713t (Normalization)
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LIOIELS] =2/ & &
= 2| A2 (relational scheme) 2| & H|
- ZH 2= 0|=otH HEAH &N HE E&tol HAEe AelII?
HECIRE, HEIEl, 2HAS I
ii. 24d= HECIRESS €082 |5
HOIEl S5 : HECIRES 2t2 2 A
2=M0IHOIH &&
OIS Ss=4 24
HE A A A0l O] &F(anomaly) Ol 2
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= (O] &b (anomaly)2| & QI
- HECIRE= 2H0l EMole (i S=52H 2 ofutel € 8 01& 0
o

E tll-tl 2

H ©
= — .
=2
=

= 0|4 (anomaly)2| oH &
= &0l G e EdolEL=

HECIREES 2t2 S22
& ol (decomposition)
= & 73t (normalization)
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g+ Z=Z(Functional Dependency)(1/2)
= MO

HE d0l& ROIA, OHECIRE X2 gt 2120l CHoll OHECIRE

Y2| g0l ofL}2F A 2
HECLFE Y= HECREXH &5 X2>Y

Ex) 88 > 0|2

HECIRE X YE S=H2z 24

X= Y2 Z & Xt(determinant)
Y= X2 &= At(dependent)
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&'+ Z Z(Functional Dependency)(2/2)

= Note
- 2408 RUIA OHEZIREE XIF =& J[0|1H,
RO 2= OHEZIEE YO UHoH X = ¥ & &

Z2 X > Y9 FL
2IRE XOF BIEAI I|2ts 248 A2 Al

ol

0l 2
0[0 IFﬂ -|>
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Reasoning About FDs(1/2)

= Armstrong’s Axioms (X, Y, Z are sets of attributes):
Reflexivity: If Y & X, then X > Y
EX) X: (&g, W=ES), YV: U=ES
Augmentation: If X =2>Y, then XZ > YZ foranyZ
Ex) X: &, Y: 018, Z: 4
If XZ->YZ, then X - Y forany Z?
No, Ex) X: &, YV: && Z: =835
Transitivity: If X=>Y and Y > Z, then X > Z
Ex) X: st Y: A &=, Z: =it
Union: If X=2>Y and X > Z, then X 2> YZ
Ex) X: &H, Y: 018, Z: &4
Decomposition: If X > YZ, then X2>Y and X > Z
Ex) X: &H, Y: 018, Z: &4
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Reasoning About FDs(2/2)

= F*(closure( /%) of F) is the set of all FDs that are implied by F
* EX) HH S2A SO ES PE =& Q23 2AM DIt =dol=
L ME JO| CHolf 2H VE ==ot)|2 AL CE XMEE
= Contracts(cid,sid,jid,did,pid,qty,value) & &l 0| & Ol CHoll Ct= <

FD=0| &g etlt ) JtA
- HYHS c= F2 I|: C > CSIDPQV
. SHER2EENA SIS 2ES R0HoHs HE © otLol HioS
SoiMBHOI=HE: IP>C
2+ E2AM=E 2 SSANE22H 2 oL 230 20HE = US: SD>P
= FSY/ ClosureF*?
- JP>C, C- CSIDPQV imply JP - CSIDPQV
- SD 2> P implies SDJ - JP
- SDJ->JP, JP - CSIDPQV imply SDJ-> CSIDPQV

5] DB Lab. CUK 8 Database Design



J=E EAY

= &1 &(Normal Form)
- ™ 2do Y A= 0tSot= €dolE

= A 73k (Normalization) 2 1 &
DO MHEZIREZNOES2 N TH (B ==2 =8
@& Z2UE JAME M ZAH Tt o e Y olacez

=

= = AJ|0F H 2 (schema transformation)

= &7 3H(Normalization)2| & =
© 24 HE
= 22 21012 2 |RXotHA defLt O BHEA S 2
@ UoIHS ==4 24

Z o &A=
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M1 E & (INF)(1/5)

I gf(atomic value)Bte 2 =l & d|0l&
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M & +Z(2/5)

INFOI A2 O] 2t

SRS OFSEIIEN

: . _ 50091 3t A40| X| & 4D} PagHs
st | KW= Shilt W=8s | a5 AAIS Atolst Ho (-

0L P | enE L cls | A DNSS SSoHK LE B AL
100 P1 RS E412 A = jfg

200 | P2 & | C123 B | ) 0] A

0 | P8 | SnE | 312 L A 200%1 é 40| C1232 S=8
0 P | enH | c | C FAGH0 Ol E2S ANE Y2
] | EalE | G | & K &m0t p2ets B ENHK
400 P1 & 7 B C312 A A Al S|

400 P1 ZHE | C4 | A | 5 :H'_/ﬁ)w

40 L P | o=H | C48 1 B 40081 BHA10| X E W42 PLOIA
400 | PL | AEEH | c412 | C P3Z B 218 24 5B 0| 4000!

1) £ T D4 42 P32
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A1 & 7 &(3/5)

n =
—_

]

OHECIFE X0l tHiotd X > Yt d& & [

= 2 A 25~ Z = (full functional dependency)
- X’C X 0|1 XY E ¢E5l= WERIEE X0
Ex) (A,B)> CZ M,A> CorB-> CJt A& 35Xl 20t0f =
= 27 5+ Z= (partial functional dependency)
- X’C X0l XY E 2HE6te MHERIRE X0l EMe
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A & 7 &(4/5)
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A1 & 7 &(5/5)

= INFOl&f2 EeI=?

- JI2 00l = 2+ S5 HECFEI &M
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M2 & & (2NF)(1/6)

a gg
- INFO|12,J|0fl £0lXl = 2E HERIRESO| J12 |0 2& &= 5%

« S &4 =0l (nonloss decomposition)
23
INF - ~ 2NF
ol

obs

. A HHOILUA 2E > Y= WP 2HE YY0NER REE 22 4
AS. J2ily, 1 He SYSHK %S
(5008 &tA0| X| S It PAZHE R RO L0IMA EHE + o1 S)
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M2 & 7 5/(2/6)

= Note: Heathl| =4 =

- R(A, B, C)0IM &= S5 A > BIt &&otH ?
= R1(A, B), R2(A, C) 2 2&4 2ol Jts
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A2 &+ &/(3/6)

N
S (AW S ([ sBs | d8
100 | P1 | HEH | C413 | A
100 | P1 | HEH | E412 | A
200 | P2 &) C123 | B
300 | P3| EFEH | C312 | A
300 | P3 | EEH | C324 | C
300 | P3 | EEEH | c413 | A
400 | P1 | FEEH | C312 | A
400 | P1 | EE | C324 | A
400 | P1 | ZHFE | C413 | B
400 | P1 | BHE | C412 | C
=d ~X =4
MA <
— a=ug | ;m
=9 DB Lab. CUK 17

X &

4
0

5ol (NG m=| st
100 P1 a3 HB
200 P2 'Sl
300 P3 a3 H
400 P1 a3 H
EIREEEIEE
100 C413 A
100 E412 A
200 C123 B
300 C312 A
300 C324 C
300 C413 A
400 C312 A
400 C324 A
400 C413 B
400 C412 C
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M2 & 77 5/(4/6)
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A2 & 77 5/(5/6)

N ER = ONF(XIE 21 31014)00 A2l 04
100 P1 & 7 H @) Al O] At
M= [ 200 | P2 &0l 01 XIS W40t X S5l &HA40| SiCHH
300 | P3| Z=e SH S0 SBCHE AR Me 2I1S
400 P1 = 2 e
EIFEEREE ek
3008 SHMO| EZ S ALY BHR! X E 4
100 ] c4ls | A P} HEE BB U0 SBCHE HEE &4
100 E412 A
200 | c123 | B 3 2 ALO| A
az S0 L G312 | A KE W4 P1o| AZ0] 2 EE 25 IH0ll A
300 | G324 | C MK DF2 B2 S CHS 10091 Dt 4008 Bt A0
300 C413 A E== 25 HEotHOr &
400 C312 A
400 | €324 | A = 2NFOl&S &ol2?
490 | c413 | B - Ol st~ S£0| =X
400 C412 C
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M2 & 7 5/(6/6)

= Note
- 0| A &4 == (TD, Transitive Dependency) ?
A->B0l1 B>C
= A=>C

(HERCIHE CE= MHEZIRE AN O/&HA st

Oh
IS

 2NF Ol&f 2 ofiZ22 7
- 2diold 2ol (O1HA &+ SE= M)

= 3NF

£
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M3 & 7 & (3NF)(1/2)

= X 9|(3NF)
_ ONFOID, 25 9|0l £5tK %= 2E HERIRESO0 58 I|0f

Ol ® &=+ SEHA HS

Al

= ol
2NF >~ 3NF
Z=ol
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M3 E 7 5(2/2)

.n,nu

— __oﬁ

1o A_u._

E

I[ h

H =
O]
ud
o

T

ol K

X

e W
M ol
oJ <F
0 E
= H
KO =3
Q) -
oy W
7 K
s
=8 ol

W oo T oy

H H K
= MK

_LJu,m_uﬂm_u
AR | BE
__%%_u_&%_u
3
=2 2
el A
= ol

& =)
E| - N
oo oo \7_|w_
= 5 ]
Illolo|lo|lo or =<
Flo|lo|la|o
of | 9| N o<

A

0

|O|—|0|D E =
= M N
or | B | B BE L o

m md | M = .
3 A
_lw_ln/_ool
Hlo|aja|a
=
Illo|lolo|lo Ww
IR o

5 DB Lab. CUK

Database Design

22



Z0/4/FE &+7Z(BCNF)(1/4)

M gg
_ 2OERY DE ZHAIF £ /0|8 2H0l& RS
BCNFO| =&
= 2/ d|0[& RO| BCNFOl| =otH R2 M1, M2, M3 &40
= St

= 25t M3& & (strong 3NF)
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L0/12/FE T75(2/4)
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20|/ FE J75(3/4)
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st B E st | | B ||| s o USY

A=<

AP =Hu A=

St I=9 mE= St | W= mE= =Y
100 | X = ]cHe P1 100 P1 P1 L2 )HE
100 | KAt X P2 100 P2 P2 INE=
200 | X2 )2 P1 -> 200 P1 P3 AgE A
200 | X2 =X P3 200 P3 P4 T2 044
300 | AERXE P3 300 P3
300 | E=2 )Y P4 300 P4
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FA(1/2)

7

ZE oL EL 3|0t

OtLl Bt&E% RIA

27
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BCNF
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7= 2 ZA(2/2)

g3+ L= &+ 2dolE
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& 7 3/(Normalization)

= A3t normalization = decomposition
0 ’Sﬁiu CHE =7

— O —

= 4NF, 5NF, 6NF= EIOIE 20t LR BOIKNSE AR0A
MWE B2 1K} JIE £ 22 GNF 22 BONFels
220 S2E
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Summary(1/2)

= 1 HAE(LNF)
- 8= S el &KX gt(atomic value)2te = & g0l &

= 2 FAE2NF)
- INFO| 1], 9101l S/otKl 2= 2= OHECISES0] JI2 I

= A
M B4 T2

= 33 1E (B NF)

- 2NFOIL, =2 J|0 Sothl 2= 2= OHECIFES0l =2 I/0

Oldd &=+ SEHA HS

= 20/A/2E F 73S (BCNF)
- 2dl0E8 R 2= 28 A =2 J0IH Ed0/& RZ BCNFO

A St
-

nol
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Summary(2/2)

= Ifarelation is in BCNF, it is free of redundancies that can be
detected using FDs. Thus, trying to ensure that all relations are
In BCNF Is a good heuristic.

= |f arelation is not in BCNF, we can try to decompose it into a
collection of BCNF relations.

- Must consider whether all FDs are preserved.

- Decompositions should be carried out and/or re-examined
while keeping performance requirements in mind.
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