Database System

Normalization




Why do we care about design ?

> 9AUTAIAUBINITRBNLUUFIUTBYA

Data Integrity
Easy/Efficient Data Access

> 2z1ARRZlSTUAUNITDRNLUUN LUAND
Yayalnud1vou

Data Redundancy

Lianansamurnuiatsruanugnaasuastayals (Integrity

Constraint)



Example Data

Course

642
642
642
644
644
644
700
700
700
799
799

Unit

Term

2556-1
2556-1
2556-2
2556-1
2556-2
2556-2
2556-1
2556-2
2556-2
2556-1
2556-2

Instructor
John
John
David
David
John
John
Smith
Smith
Smith
West

White

Student
Bell
Kent
Brian
Howard
Bell
Jordan
Walker
Jordan
Howard
Walker

Bell

Advisor
Miller
Ullman
White
Ullman
Miller
Smith
West
Smith
Ullman
West

Miller

Office
521
521
523
521
521
523
522
523
521
522
521



Example of Bad Design

Course Unit Term Instructor Student Advisor Office
2556-1 John Bell Miller 521
I 2556-1  John Kent Ullman 521

2556-2  David Brian White 523
2556-1  David Howard  Ullman 52l Key : course + Term

|2556-2 John Bell Miller 521 + Student

2556-2  John Jordan Smith 523

2556-1  Smith Walker ~ West 522 A lot of

|2556-2 Smith  Jordan  Smith 523 data redundancy
2556-2  Smith Howard Ullman 521

2556-1 West Walker West 522

2556-2 White Bell Miller 521




Update Anomaly

® 9. Ann ABUITT 644 Ty

Course Unit Term Instructor Student Advisor Office
Wad 2556-2 i
642 3 2556-1 John Bell Miller 521
642 3 2556-1  John Kent Ullman 521 8.John
= o 6 1 =
642 3 2556-2  David Brian White 523 * fIuuIADIALIN AT
v [V v
644 3 2556-1  David Howard  Ullman 52l WwADIUTUUTIUOYA ?
700 I 2556-1 Smith Walker West 522
700 | 2556-2  Smith Jordan Smith 523
700 | 2556-2 Smith Howard Ullman 521
799 2 2556-2 West Walker West 522
799 2 2556-2  White Bell Miller 521



Insert Anomaly

Course Unit Term Instructor Student Advisor Office
799 2 2556-2  West Walker West 522
799 2 2556-2  White Bell Miller 521

B 3. Ullman #84n15:0m Course vl 701 Tu Term 2556-2
azlilaunsavinla

n elyiflin@nwnfamedousouluivnd deuarldanange
unnvayals (ladaygimluiien null Ty student [key]
attribute )



Delete Anomaly

Course
642
642

644
644
644
700
700
700
799
799

Unit
3
3

Term
2556-1
2556-|

2556-1
2556-2
2556-2
2556-1
2556-2
2556-2
2556-1
2556-2

Instructor
John

John

David
John

John

Smith
Smith
Smith
West

White

Student
Bell

Kent

Howard
Bell
Jordan
Walker
Jordan
Howard
Walker

Bell

Advisor
Miller

Ullman

Ullman
Miller
Smith
West
Smith
Ullman
West

Miller

Office
521
521

521
521
523
522
523
521
522
521

* 8. David 9Un3v1 642 1u
W 2556-2

* La7azRavineg1elsiuTaya
U4 Brian ?



Problem in Relational Database Design

Data Redundancy
nsteuvasteyarilsedldnunnisiiuteyalulaewaruselev
Update anomaly

nsUFulgtayamnUsulakinsununaziinanuliaenade iy

(Inconsistency)
Insert anomaly

Tunisunsndeyasnaindernnainitissaindeyamdululula (key lu
ATU)

Delete anomaly

N1saUTayUInIARsA a1avinlivayanlilanslaaugymalunie



Problem in Relational Database Design

» Solution : NMFENNIT (Decomposition)

> Lieanvoyatgau



Good Decomposition

» Lossless-join Decomposition

MINMINITUYNAITIBNINAULE (decomposition) H952AU (join)

ﬂé’uﬁumaza’mwaﬁﬂﬁ%’ay@ﬂé’umgﬂmqa%ﬂﬂLﬁaﬂ,é’

» Dependency Preservation

nnEeUlInTavanIvUALAY (Constraint) AABIDYATUNIUNAIIINAITHEN

m131999NNNAU (decomposition)

10



Functional Dependency (FD)

b FD fio AnudusiudiBeiladdusewinauenviddod lnofiuesm3nsmil
V3ONANTRILDANTIIATIUTENBUA LA aNunTaTzyAYDILeAnSTIADY
0 Tuyiadenduvesiadutuld

» FD loana1n

business rules (N119§373) / Policy (Wlaue)

Functional Dependency au y
» Tnawonn3taimdusiiszyaludoavidoneu « (Suni1 “determinant”

P drunannsUIRaUY 9 NgnseuAlay determinant 138011 dependent

q

11



Functional Dependency (sia)

b AUNR A waz B iuLannsUiflusiaty R way B danudunusias
fafduiu A (Fydnwal A 2 B)

) nanléin usazAwes A aunsasyyen B 1dides 1 e

® A determine B

Determinant Dependant

12



Functional Dependency (FD) (da)

FPUANLNINTUNINUA R LA

o/

ANIT

EIAAN

WHNIUITE SUD21 .

ALY W LA N TRA AN

| TTREIN, >< > @

WUNINUWTIE SUD21

WHN9I1UIWR SUDO4



Business Rules/Policies — FD

» Business Rules/Policies
NNV (course) ArUTENBUAIBIIWIUNLILAA (UNit)
n@nw (student) nAuiio1an3diiusnm (advisor) LARULAEN
ware1asenieauaunsadunuinulminAnwldvanany

Advisor ynAuiiviesineu (office) wilaves

uivaiaLeInil (office) To1a138ldsauiiu
Tuusiazion (term) M9 (course) rapulagkaau (instructor) LiNes
AULAEN

Student nnAuazIEUlavay course Tunsiay term

Instructor YNAUILABUNAE course Tungay term

14



Business Rules/Policies — FD (cont.)

» Function Dependency

Registration(Course, Unit, Term, Instructor, Student, Advisor,

Office)

Course — Unit
Student — Advisor
Advisor — Office

Course, Term — Instructor

15



Relation vs. Functional Dependency

Course

642
642
642
644
644
644
700
700
700
799
799

16

Unit

3

Term

2556-1
2556-1
2556-2
2556-1
2556-2
2556-2
2556-1
2556-2
2556-2
2556-1
2556-2

Instructor
John
John
David
David
John
John
Smith
Smith
Smith
West

White

Student
Bell
Kent
Brian
Howard
Bell
Jordan
Walker
Jordan
Howard
Walker

Bell

Advisor
Miller
Ullman
White
Ullman
Miller
Smith
West
Smith
Ullman
West

Miller

Office
521
521
523
521
521
523
522
523
521
522
521

FD @anseldiiie
b W1 FD B d
» %11 candidate key,
primary key
> A1989
cC—U
C,T— |
S— A
A— O
» Conclusion
Key (SCT)
SCT — CUTISAO



Type of Dependencies in a Relation

» Trivial Dependency

&1 B 15U subset 199 A f9tU A = B
B18). SA 2 A

4

» Partial Dependency UNWONNSUIATUNY UNEIUVDIALNAN

51 AB = ABCD was B = Cautiu B = C1Ju Partial
Dependency

mel. SCT =2 CUTISAO; SCT = primary key
fadu C =2 U; CT 2 L war S 2 A vJu partial dependency
» Transitive Dependency ANSTUABAULUUNIENDA

A Buaz B~ C §tu A~ C
7.0.S=2 A= 0

ety S =2 O Ju Transitive Dependency

17



al

az

al

al

a4

18

bl

bl

b2

b2

bl

cl

cl

cl

c2

c2

dl

dl

d2

d2

d3

el

el

e’

ez

el

Example : R iu FD w3ala ?

R(A,B,C,D,E)

> satisfy ...

A = DE
D = BE
BC = DE
AC =2 B
AB D E

» does not satisfy ...

AB =2 C
AD =2 C
CD =2 A

» What might be a primary key?
AC



Closure of a Set of Functional Dependencies

> NsATaUARU F (FF)
% F uesund FDs

F+ fi9 ynwsdiululaves FD Mfinann F (egldngues Armstrong’s

Axiom)

» Armstrong’s Axiom 3591 closure
ngldiitenn F* 91n F
ADAARBILATYNABINY F

ATEUARNANYTAINNNTVDL F

19



Armstrong’s Axioms

» Reflexivity Rule : 81 B 1uduionuag A datiu A = B

- >

» Augmentation Rule: 91 A — B #a1lu AC =2 BC

S i > G

» Transitivity Rule: 81 A =2 B ugg B =2 C aatiu A =2 C

SRl Jofcfe

20



Derived Rules
(from Armstrong’s Axioms)

» Union Rule: 81 A =2 B uaz A =2C ﬁﬂﬂfu A =D B,C

D © B

» Decomposition Rule: 61 A =2 B,C fetiu A 2 Buagz A 2> C

oloxal Mofc)e

» Psuedotransitivity Rule: 91 A =B uay CB 9D Mty ACD

@@» CTD®
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Normalization



Normalization :msusuusmagin

First Normal Form (1NF
2N

Second Normal Form (2NF

)
)
Third Normal Form (3NF)
Boyce—Codd Normal Form (BCNF)
Fourth Normal Form (4NF)

Fifth Normal Form (5NF)

* Domain/Key Normal Form (DK/NF)

24



Step in Normalization

SLatunfiuannsilsuuunaledn
(Multivalued attribute)

First Normal Form (1NF)

Second Normal Form (2NF)

Third Normal Form (3NF)

Boyce Codd Normal Form
(BCNF)

25

AAALLAANTLIG
LUUNREAN

(

v

ARAIsTUGaf UL IENan
(Transitive Dependency)

i
v

¥nANUNAnLnGETLARNA
WoAdunstiucadundoiiag

"
v

AFRAEUC A ULLLRR AT
(Multivalued Dependency)

#
v

a¥nnsdusianuuiiian e
(Join Dependency)

i
v




First Normal Form (1NF)

¥V 1
[V =

» Satuiegluzunuuussvingiuiui 1 Adedle Siaduuulilingy
193a9(Repeating Group)

) nﬂﬂaﬁmﬁﬂu Atomic (1 cell 1 value)

26



Registration (Relation R)

Course Unit | Term Instructor | Student Advisor | Office
642 3 2556-1 John Bell Miller 521
2556-1 John Kent Ullman 521
2556-2 David Brian White 523
644 3 2556-1 David Howard Ullman 521
2556-2 | John Bell Miller 521
2556-2 | John Jordan Smith 523
700 I 2556-1 Smith Walker West 522
2556-2 | Smith Jordan Smith 523
2556-2 Smith Howard Ullman 521
799 2 2556-1 West Walker West 522
2556-2 | White Bell Miller 521

27

Multivalued Attribute
sngedlu Relation



Registration (Relation R)
Course Unit | Term Instructor | Student Advisor | Office
642 3 2556-1 John Bell Miller 521
642 3 2556-1 John Kent Ullman 521
642 3 2556-2 David Brian White 523
644 3 2556-1 David Howard Ullman 521
644 3 2556-2 | John Bell Miller 521
644 3 2556-2 | John Jordan Smith 523
700 I 2556-1 Smith Walker West 522
700 I 2556-2 | Smith Jordan Smith 523
700 I 2556-2 Smith Howard Ullman 521
799 2 2556-2 West Walker West 522
799 2 2556-2 | White Bell Miller 521

28

N196
Multivalued
Attribute



1 NF (Example)

Customer Cust. ID Transactions

Tr. ID Date Amount
Jones 1 12890 14-Oct-2003  -87
12904 15-Oct-2003  -50

Tr. ID Date Amount

Wilkins 2
12898 | 14-Oct-2003 -21
Tr. ID Date Amount
12907 | 15-Oct-2003 | —18
Stevens 3

14920 | 20-Nov-2003 | -70
15003 | 27-Nov-2003  -60

29



1 NF (Example)

Jones 12890 14-Oct-2003

Jones 1 12904 15-Oct-2003 -50
Wilkins 2 12898 14-Oct-2003 -21
Stevens 3 12907 15-Oct-2003 -18
Stevens 3 14920 20-Nov-2003 -70
Stevens 3 15003 27-Nov-2003 -60

Jones a4 16901 27-Nov-2003 -18

30



Second Normal Form (2NF)
findufioglusunuuussvingrutud 2 fdaide

) %La%’wfuéfaﬂagﬂugﬂt,wu INF
»lLiflwenytadifinistuseunsdiuvesiidndn (Partial

Dependency)

32



2NF Example

[
o

> M1979 Register dA1 Unit N1

) 6?;\‘1 Unit Qﬂﬁ’]‘muﬂiﬂa Course (Course =2 Unit)

Register Table

Course | Unit Term

642 3 2556-1
642 3 2556-1
642 3 2556-2
644 3 2556-1
644 3 2556-2
644 3 2556-2

33



2NF

> LLYNHITINDDNUN

34

fk

Course Table

Course | Unit
642 3
644 3

Register Table
Course | Term
642 2556-1
642 2556-1
642 2556-2
644 2556-1
644 2556-2
644 2556-2




2NF (Example)

Electric Toothbrush Models
Manufacturer Mode

Model Full Name Manufacturer Country

Forte X-Prime Forte X-Prime Italy
Forte Ultraclean Forte Ultraclean Italy
Dent-o-Fresh | EZbrush Dent-o-Fresh EZbrush A USA
Kobayashi ST-60 Kobayashi ST-60 Japan
Hoch Toothmaster Hoch Toothmaster Germany

Hoch X-Prime Hoch X-Prime Germany

35



2NF (Example)

Electric Toothbrush Manufacturers

Manufacturer Manufacturer Country
Forte Italy
Dent-o-Fresh | USA

Kobayashi Japan

Hoch Germany

Electric Toothbrush Models

Manufacturer Model Model Full Name
Forte X-Prime Forte X-Prime

Forte Ultraclean Forte Ultraclean
Dent-o-Fresh | EZbrush Dent-o-Fresh EZbrush
Kobayashi ST-60 Kobayashi ST-60
Hoch Toothmaster  Hoch Toothmaster

36 Hoch X-Prime Hoch X-Prime



Third Normal Form (3NF)

SatuioglusUuuuussingIutun 3 Adeale

¥
}ld U/ (o3 ¥

Satutiunasaglugunuy 2NF way
> lifiwennstianlileadudnanunsaseyatkonnstaantale

v A

Aganaula (Transitive Dependency)

37



SNF-]

Examplel

» PK:Student id

> usl Zip - Province, Amphur Fadu Transitive DP

Student_Detail Table

Student id

Student_name

DOB

Address

Amphur

Province

Zip

38




3NF-Examplel




3NF-Examplel




3NF-Example?2

Tournament

Indiana Invitational
Cleveland Open
Des Moines Masters

Indiana Invitational

Tournament Winners

Year

1998
19995
1999
19995

Winner Winner Date of Birth
Al Fredrickson | 21 July 1975
Bob Albertson | 28 September 1968
Al Fredrickson | 21 July 1975
Chip Masterson 14 March 1977

Tournament + Year =2 Winner, DOB

Winner 9 DOB

41



3NF-Example?2

fk  pk
Winner Dates of Birth

Tournament Year Winner Winner Date of Birth

Tournament Winners

Indiana Invitational | 1998 | Al Fredrickson | Chip Masterson 14 March 1977
Cleveland Open 1999 Bob Albertson || Al Fredrickson @ 21 July 1975
Des Moines Masters | 1999 Al Fredrickson || Bob Albertson | 28 September 1968

Indiana Invitational | 1999 @ Chip Masterson

Tournament + Year 9 Winner Winner 9 DOB

42



3NF-Example3

Jones 12890 14-Oct-2003

Jones 1 12904 15-Oct-2003 -50
Wilkins 2 12898 14-Oct-2003 -21
Stevens 3 12907 15-Oct-2003 -18
Stevens 3 14920 20-Nov-2003 -70
Stevens 3 15003 27-Nov-2003 -60
Jones a4 16908 27-Nov-2003 -18

Tr.iD =2 Cust.ID, Customer, Date, Amount
Cust.D = Customer

43



SNF—Example?)

Jones 12890 14-Oct-2003
Wilkins 2 1 12904 15-Oct-2003  -50
Stevens 3 2 12898 14-Oct-2003  -21
Jones 4 3 12907 15-Oct-2003  -18
3 14920 20-Nov-2003 -70
Cust.ID 9 Customer
3 15003 27-Nov-2003 -60
4 16908 27-Nov-2003 -18

Tr.ID = Cust.ID, Date, Amount

44



3NF éfignwan g

» v FD (Feehs A B) lunndiaduiiu 3NF lades
U trivial FD
Ay key vos3iad
vidennenlu B udiunilaves candidate key dmsu
Sladutiu 9

b 157@1115097 3NF laannis

Lossless-join Decomposition LLag

Dependency Preservation Decomposition

45



Boyce Codd Normal Form (BCNF)

P SULUUYBY 3NF TUES

» 0 FD (fhoehs A B) Tunndiadumu BONF lédes

Ju trivial FD %59

A U key ¥993L8%4

b 15781115091 BCNF laannnns

Lossless-join Decomposition Lag

Dependency Preservation Decomposition

46



SNF vs BCNF

) Siaduladnilanway BONF watazidy 3NF wiusu
) U19ASINTSII 3NF enanewdu BCNF Ldlaedsene

) G988 salull

47



BCNF—Example

Jones 12890 14-Oct-2003
Wilkins 2 1 12904 15-Oct-2003  -50
Stevens 3 2 12898 14-Oct-2003  -21
Jones 4 3 12907 15-Oct-2003  -18
3 14920 20-Nov-2003 -70
Cust.ID 9 Customer
3 15003 27-Nov-2003 -60
4 16908 27-Nov-2003 -18

Tr.ID =2 Cust.ID, Date, Amount
11 3NF uaananedu BCNF laaonluiif

48



BCNF-.

ixample

fk

Tournament Winners

Tournament

Indiana Invitational @ 1998

Cleveland Ope

n 1999

Des Moines Masters 1599

Indiana Invitational @ 1999

Year

Winner
Al Fredrickson
Bob Albertson
Al Fredrickson
Chip Masterson

Tournament + Year 9 Winner

pk
Winner Dates of Birth
Winner Date of Birth

Chip Masterson | 14 March 1977
Al Fredrickson | 21 July 1975
Bob Albertson | 28 September 1968

Winner 9 DOB

11 3NF uaananeidu BCNF laaonluiif

49



Boyce/Codd Normal Form : BCNF

sUwuurasTiatundewunsUsulmdu BCNF
> U19@1Uv89 key MAUNU key DU

JatuniiAdauUmanefd

1 A

L9 U EIUG T UN Y

50



3NF not meet BCNF

b U19ASINNSII 3NF enanewdu BCNF LUlaedsene

 LEU9ASIDN9 kil BONF

51



for every FD A 2B
3NF not meet BCNF ¢ Jutrivial FD

| | o AU key 2055187
Client , Office - Account

Account = Office

/ candidate key @115
UNEIUVDY key
Fuiv key du

*  ynaty B 1udiunilaves

LATUIY 9

A Joe 1
B Mary 1
A John 1

C Joe 2

52



for every FD A 2B
3NF not meet BCNF * U trivial FD

o AU key vasiiadu
» 3NF has some redundancy

BCNF does not
» but BCNF is not DPD (qiilev DPD)

fk pk
ot clent
A Joe 1

A
B Mary B 1
A John A 1
C Joe C 2

Lossless decomposition



3NF not meet BCNF(2)




3NF not meet BCNF(2)

= Y a N aa ¢ N6 W [~ =
® JLAYULANULUAYULDNNIUINVDIAYANANN B LU C (LNS18LUD

[~4 I

B JufU C hansd1nmsuen C Aazaunsassya B Lo
WULAEINU) LAZAALDNNSUIR B 99n2103LaTU

a U

o ai1ssatulvdlensl  CiuRgudn way B lWuuenvsuied

14
U |

FuUNUAT C




MIATITUA

sRAANAT u

WU | iade i tudeda
Al el BO1
A2 fioerg B02
Al filoelg BO1
Al A28 BO3
A2 viglabinh B04
A2 A28 BO5




3NF not meet BCNF(2)

v v v 9
fada | wailufisad: ganas | i ludeae




%Lafuﬁagiugﬂ BCNF

wanludeiia | Jundade %s;yjuﬁ AR
BO1 25/6/2550 Al qu2e
B0O2 28/6/2550 A2 AN
BO1 28/6/2550 Al fioe1
BO3 2/7/2550 Al fu2ne
B04 2/7/2550 A2 viglakigld
BO5 10/7/2550 A2 que

58

LRAN o
~ SU#
Tusiv aneh
dia ;
BO1 111
B02 222
B0O3 333
B04 222
BO5 444




3NF but not meet BCNF(S)

John 09:00 ZOorro
2 Kerr 0 09:00 Kane
3 Adam 1 10:00 Z0rro
q Robert 0 13:00 Kane
5 Zane 1 14:00 Zorro
PatNo=> PatName R1(PatNo, Time, Doctor)
PatNo, applD =2 Time, Doctor R2(PatNo, PatName)
Time =2 applD R3(Time, ApplD)

PK : PatNo + applD or PatNo + Time

UNEIUVDY key
59 YUNU key DU




Fourth Normal Form : 4NF
Siatuieglusunuuussing udui 4(@NF) Adeiile
> Satuiunasaglugu (BCNF)

» lunnsTusetuLUunansa (Multivalued

Dependency)

60



Fifth Normal Form : SNF
Slatuitoglusuuuuuseing1utud 5(5NF) Aveiile
» Siadutiunedeglusy 44NF)

) Weonusslatuaandusiatugaawaldiunsa join naulam
wyiniuTiaduey lafisnenisveyaliv (spurious tuple) ag
na1statugeqduaglugy 5NF

61
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Lossless-join Decomposition



Lossless-join Decomposition (LJD)

b 1AYINNNSHENANTIN08NAINAULED (decomposition) LB (join)
nduAuLITausaviideyanduinglassasiaaula

R1 N R2 2 R1
R1 N R2 - R2
> wannIUiRnesagaTURLAL

63



anat1e LJD

R(CUTISAO); S>A>0; C>U; CT>I1

» LJDs

R1(CUTISA), R2(SO)
S 2> R2
wifadu decomposition #lid

R1(CU), R2(CTISAO)
C 2Rl
decomposition ##

R1(CU), R2(CTI), R3(CTS), R4(SA), R5(AO)
glovin LID wane  ads

» lils LAD
R1(CUTI) , R2(SAO)
R1 N R2 = null

R1(CI), R2(UTISAQ)
[ 2R1 waz I i 2 R2

64



ghag9nTsueneTslas ldld LJD

65

» 79819
R(A,B,C)
F={A->B, C>B}

» wenlaalily LJD
R1(A,B); F1
{A>B}
R2(B,C); F2
{C>B}

b uafilg

R1 join R2 <> R



aatensuenayslas lils LD

» nuuA RA, B, C, D, E, F)

» Tnauanasnsléssd RIABC) R2(C, D, E, F)
»R1 ) R2 =(C}

) {C} =2 {A, B, C lallsl

) {C} 2 (C, D, E, F} lallg

b laidu LID

66
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Dependency Preservation
Decomposition



Dependency Preservation Decomposition
(DPD)

» yndeuluvisedordmunidu (Constraint) asdesegasudiuvdsan
msuenaseenainiu (Decomposition)

68



Example of DPD

RCUTISAO); S2A=>0; CDU; CT=D
» Preserve Dependencies
R1(CUTI), R2(SAO)
N dependencies agasuiy wakisnwing LD
R1(CU), R2(CTI), R3(CTS), R4(SA), R5(AO)
1N dependencies BEATUNIU
» Not Preserve Dependencies
R1(CUTISA), R2(SO)
A =2 0 el
» PD & LJD
R1(CUI), R2(CTISAO)

gudunisuenansreanalale  vialy 2

69



aragvmangnaan lisneing DPD

70

al

BRE&R

]}

d1

d3

> A8
R(A,B,C,D)
F={A—2>B, B—2>C}
» Ll DP
R1(A,B); F1 = {A—2>B}

R2(A,C); F2 = {A=2>C}
R3 (A, D)

b WANSENUNLUADINST

-

ldaunsateauly Fo: BOC 1ae
1399 join R1 WAY R2



aragemangnaln kisnwing DPD

» Muum RC, U, T, IS, A, O);
» FD A SDA; A 0: C=2U: CT=2|

R1(S,0) R2(C, U, T, I, S, A)
C>U

A0 77 ad
S>A

» WJu LD we Ly DPD..



End of Relational Database Design



