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ANl 1 A Introduction

Normalization plays a key role of Relational Database Design. The general purpose of database design

are
e Elimination of redundant data storage.
e To avoid certain update anomalies
e Close modeling of real world entities, processes, and their relationships.
e Structuring of data so that the model is flexible.

To make a set of relational schemes which satisfy these is a final purpose. One way is to design
a proper normal form. We need some information to know whether Relational schemes are one of
Normal Form. And, those information is about real-world we are modeling, a set of constraint called
data dependency. We surveyed the kind of these dependency and normal form. Furthermore, we will
explain which constraint is in each normal form. Until recently, data base sepecialists have lacked a
comprehensive technique for logical data base design. As a result, data base design has historically
been an intuitive and often haphazard process. However, the techniques of normalization now provide
a foundation for logical data base design. Let’s define normalization simply.
Normalization

Normalization is the analysis of functional dependencies between attributes ( or data items) and a

formal process for determining which fields belong in which tables in a relational database.

Normalization is to make a set of entity specification' to satisfy conditions of normal form defined.
Until now, there are six normal form as INF(First Normal Form), 2NF, 3NF, BCNF(Boyce-Codd

Normal Form), 4NF, 5NF. These normal form will be explained from next section.

Al 2 @ Need of Normalization

2.1 & Merit of Normalization in Database Design .......... ... ... ... .. ... ... .........

Relational schema created by Normalization can improve data integrity because of decreasing data
redundancy and update anomalies. We will explain why data redundancy and update anomalies is a

problem, show examples that problems are solved in separated table.

2278 DataredundanCy .......... ...

Lentity specification is to name attribute of entity. That is, one attribute can be included in several entity specification.

This will be explained on update anomaly.



schema design®| =3 Z 0| ofLt= base relations(files)0| XtA| ot storage spaceS Z| 4~5}o}
0|Ct. 8t JIA| gteie attributesE relation schemaS 2 groupingStQ 24 0| =2
Ch. M D2AQL 202 LEH= EMP_DEPT Relational schema®t 0|42 £2 =) =2 EM-
PLOYEE, DEPARTMENT 2}2}9| tableE g H|wall 2At. EMP_DEPT0| A& (DNUMBER, DNAME,
DMGRSSN)(department number, 0| E%...)0| 2tst attribute valueS0| 2 departmentoff A L5t= 2
= employeedf| P2 5= 242 2 4 L} vt 2 DEPARTMENT tableof| A &= 2+ departmentof| T 5 A
St B10F LFEFCE ©HX] DNUMBERSH EMPLOYEE table©| 2t tupleSof LIEILID QIC}.

fuily
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2.3 Update anomalies . ... ... ... i

EMP_DEPTL} EMP_PROJ2} 22 relationSE base relation®@ 2 AI25IH geMsl= £ (12 2
H =0l stLt= Update anomaliesO|Ct. Update anomalies&= insertion anomalies, deletion anomalies,

modification anomalies2 &8 4 Cl 2t2toll Ulol M el 2 L0 AL

1. Insertion Anomalies

A, EMP_DEPTO0| M 2& employee tupleS insertol= 248 M 2+5 B Xl. 2+ tuple2 employeed}

2l 5l= department0f] U5t attributeS S E &6t LE, Bk employeel} £t departmentJ} Q1 CHH
L stoll OF stCt. M 2 2 employeeJ} & 6= departmente] DNUMBERJ} 5291 EMP_DEPT
ol 2= tuplesss% DNUMBERJ} 5Q1 tupleS2] DNAME, DMGRSSN ¢} 2X|sl= attribute
valueS & insertdl OF stC}. insertE & W OIC 0] Z1E SQI5t= 22 42 L0o] ot Zdo|C}. &
Al ot fig29] EMPLOYEE, DEPARTMENT tableg W2 tts 29 EMPLOYEEO| 58t insertdf
TH EB= oMet &2 Hde ol = =T
LIS 2 employeeJt ¢l = departmentE EMP_DEPTO| £tQl6l= ASE M 26 2A}. of
2 employeed]| null valueE 2= 210|C}. 5tX¢F SSNO| EMP_DEPTZQ| primary key0| S 2 2H|
gt SHCE X 2 employeeJt 0] departmento| st @ E0{ 2™ ¢ 0|4 null values 2 Al =IC}.
EMPLOYEE, DEPARTMENTE W}2 ots A<= 0lgd 2HJF YA 5HX| ¢4+=C}. employeeJ} §f
= departmentJ} 27| 2}E department tabledl] M7zt £ 22 null valuees 23 1 employeed}

7 department0f] 8§ &% 2tS employee table0]| insert&l Cf.
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2. Deletion Anomalies
relation table EMP_DEPTO|A] U}X|8} employee= AHM|GAl &% department 10f Cfs] 255t
ZE0[7]0]l department 10f thst &It =& =t obA| ek 2f2to] EMPLOYEE, DEPART-
MENT tabletfl M= 0l 247t Y4 5HA| @=Lt

3. Modification Anomalies
EMP_DEPTO| M department 59| managerS d}2CtH, 1 departmentOjl A Yol Y= P E em-
ployee?| tuple= & Updatedl OF stC. O A| 229 integrity I} W EIC} WetM, 2 2k0] 84 =50
LAl == Zo|Ct. fig2e] EMPLOYEE, DEPARTMENT tabletij M = DEPARTMENT 2| DNUM-
BER 59! tupledtL}2t 20 =L}

rin

e

243 Z2 Relational schema design ............ . .



Normalization?| Z M S E22tA|7|7] ¢l M ZHA] £2 Relational schema design0| 0{& Z401X| A
=oll 27| 2 olZiLCt. Relational schema 9| “goodness” £ F Leveltl| M 2 4 Lt 31 H A = logical level 0|
T FY A = manipulation(or storage) level0|C}. logical level2 userJ} Relational schemaZ interpret 5}
= gt v} Relational tableoll 9! = data tuples&2| 2| 0|0l 25t 24 0| C}. logical levelojl A £ Relational
schema= relation=2| data tuplesQ| Q0|2 AI2AJ} & A OlGE & U E = o =L}
manipulation level2 base relation0| M tuplesO] HHEH M Z % 1, Update®| =X 0] 2tstZd0[C}. logical
levelOfl M &= base relationd} view(virtual relaiton), & CHofl 2t~ 0] Q& BHH, storage level2 THA| 22|

HMog2 X Zt= fileQl base relationof 2t 2t210] QL Normalization2 base relation0f] 2+t 240|C}.

1. Semantics of the Relation Attributes

£ M Relational schema= meaningsS A4 AW & 4 Q10{0f stC}.

The easier it is to explain the semantics of the relaiton, the better the relation schema de-

sign.

EMPLOYEE Relational schema®| meaning2 0] $ G©tastCH 2F tuple2 employeeS LIEFU L.
DNUMBERE EMPLOYEESF DEPARTMENTAL0| Q| relationshipS LIEIUY &= foreign keyO|C}l.
DEPARTMENT tuple2 department entityS LIEIHH 7, PROJECT tuple2 project entity= L}
EftiCt. DEPARTMENTQ| attribute DMGRSSN2 department?} 7 department®| manager?Q!
employeeE A A|21CL. PROJECTCS] DNUME project@t 1 projectE £ Q= departmentS
oA AAZIC. DEPT_LOCATIONS2 WORKS_ON relation schema?®| semantice 0|AM o Z 6t
71 l:J[,}'w F2} Exkﬁ}g}‘

2. Reducing the redundant values in tuples
0|40l 25 42 AA =25 MYEQLL EL6H 24 2 insertion, deletion, modification anoma-

liesJ} relationOf| A LO{LIKX| 2= base relationS designst0] 0F stCh= Zd 0| T

3. Reducing the null values in tuples

schema, designOf| Al 22 attritue2 POIA “fat” relationE2 Cts £% QUL O e E2
attribute=0| 7 relation 9| 2 E tuplesoll LHo A 3tS o JHA 4 ULt WetA relation?| 2 3k
e]]

£0| null 0] &0 0FstC}. 0] 2 2 storage2| HH| 0|12, attribute2] meaningS O|dllol=0 2H S &
oz £z 9t tt2 EMe COUNTLE SUMIL 22 aggregate operationS At& & ff nullof| f
St count ZA|0|Ct T P Lt null2 042 JtA| 2J0|S JHE 4= QUL

e The attribute does not apply to this tuple.

e The attribute value for this tuple is unknown.

e The value is known but absent, that is, has not been recorded yet.

et £ Relational schema design0| &| 7| |6l M = base relation®| Zt0| Jtsst nullo] & X &

= 4tsko 2 attributeEE A & 35| base relation®© 2 SHS0{ 0F stC}.



4. Disallowing spurious tuples

fighe] EMP_LOCSe} EMP_PROJ1E YA} 0|24 figde] EMP_PROJ &l & 4 QlC}. fighQ|

table EMP_PROJ11} EMP_LOCS= EMP_PROJQ| project operation0f] 2|sf 40| & 4 QIC}

EMP_PROJ13t EMP_LOCS0| EMP_PROJ Al base relation0f] Q/CtD J}ASHA}L GHA|BE 0|H &
2 schema design0| otL|Ct. EMP_PROJ12} EMP_LOCS2 2¢2ff information?l EMP_PROJZ
S 4 917 i 2o|ct. EMP_PROJ11 EMP_LOCSZ NATURAL-JOINstCt®, EMP_PROJ&2 Lt
Ol e tuplesO| 24 2IC} joino] HIt= figboll M @ 2Lt EMP_PROJol= ¢l =0l EMP_PROJ11}
EMP_LOCS9| join9| Hilofl = = &2 = tupleS spurious tuples 0|2t StC}. spurious tuples2
figbOll M *2 HFAIE 0] Q= tuple0|C}. 0|2 Z2E A} LIEILLE 0| 5= EMP_PROJE A2 )
EMP_PROJ13} EMP_LOCSE AHZHA|7H F &= attribute@2 2 PLOCATIONE MEialJ| mf 20]|C}l.
PLOCATIONE= EMP_PROJ1L} EMP_LOCO|A primary key & foreign key = OfL|C}. WetA] £

2 Relational schema designg ¢|oll M= primary keyL} foreign keyS MEIG|AM JOINS & 4 9

Ol

ne
o rio

£ relation schemaZ designtC}.

NSNMA ?ele table2 ZINM O2IJHAl 2HIE S0 sH2E +
formES A2l ZZAAQL ghelo] otLIQAC OIM=2H e

ruleSE A4 & Zio0|C}.

ogleg Aty YorCh SHA|8F normal
=
| )

=
o ZHH01D, & HoH0 Ys

Al 3 A Entity Attributes AfO|2| ZH7|

S attributes AFO|Of MIJFA] Jbtsst AA2t0] 92 4 QUct 1:1, I:N , M:N ¢dzto] 22d0|Ct =&, st at-
tributeJ} SiL} tE= T 0]AHQ] CIE attributes 2| gt MEIGI{ L AAE £ Q= Z10|C}. Attribute A

J} attribute BE ZAZAstCtD JMAG XL 01242 ot entityQ] F instanceJ} A of Hall 22 32 JH&
] Yt=Al Bojl ol ME 22 242 JHMHO0F 8HCts 212 20| 8HL}. attribute A D} attribute Bo| /2 &
Ast mf 3 Ab0]Ql 1:1 association®| 2ta Of 7| & 4 Q) Cl.record?| primary key= L}0{ X| attributes?|
determinantO|C}. tetA] 1:1 association & single-valued dependency?| example0| 1:N 1} M:N as-
sociation2 multivalued dependencies®| example0|C}. 2HoF attribute A 2F B AF0|0f| 1:N multivalued
dependency J} QICIH A Q] Zto] 22 Bo| g2 AA S 4 o} M:N association0] QCHH attribute A
9| gtol 7ebiel B gte ZAE 4 Q1 attribute B 2] g40| £CIE2 RobHel A gie AHEe £ A=A

0l C}.

3.1 & Single-Valued Dependencies ......... ...t

entity specification0f| A st attributeJ} LI X| C}E 2 E attributeS S 2 &, determinant= en-
tityoll tHat candidate keyO|C}. primary key= candidate keyZ 0| A MEH =L} entitye= 22 candidate
keyS JH& 4 AKX OH AHOlof| 9ol ©HA| otLte| primary keyE JIEICE 04 7| A $ 2l = nonkey attributesJ}
candidate keyE I ststCt D JIASC QfLEGH primary keyJl 0|0] MES |94 T| Wi 20]|Ct.

st entity 2| attributesS ALO|0ll= Ul &7 9| single-valued dependenciesy} 9/ C}.



‘ ‘ Attributes Dependencies

1 | key — Nonkey Functional

2 | Part of key — Nonkey | Partial

3 | Nonkey — Nonkey Transitive

4 | Nonkey — Part of key | Boyce-Codd Where det-value — attrib-value

el = dlgtalstk single-valued dependency 2 A primary keyJ| nonkeyS ZZAol= 24122 determi-
nantJ} primary key attribute0| 7| W 20|CL.twt2tA 0| dependency = filedt DBMS environment o] Al 2¢
HAUD MAE £ 9t LI Xl Ml £52| dependencies= semanticsJ} application programso| 2|5l &
Kl &= associationE LIEFLH T QI CF.

C}=29| entity specificationS M 2t £ A}

professor Table

composite key is (pid, office)
PID | OFFICE \ PNAME \ DEPT

20 413 Barnes CS
21 414 Smith CS
25 404 Gumb CS
34 304 Wong EE
55 402 Katz EE
Y 402 Schwartz EE
27 414 Schwartz CS

Member
key is office
OFFICE | DEPT
414 CS
413 CS
404 CS
304 EE
402 EE

Dependenciesis= Ct23} 20| =IC}
e PID —» PNAME, OFFICE, DEPT
e OFFICE — DEPT

0l0oll tt2 Dependency graph= L3t 2H0] L
& specification2 st 0| M facultyofl EH ol dataS JIA| = entitiesE A Q|50
t identification number(PID)Z J}X| 11 159| office= 22 department?| =2

Z0{ &l functional dependency0l U5 JI2 £ specification2 0fL|C}. AM2!, entity

QlC}. professor2 72
e Freottt ¢ O
Sp

ecificationof] A

=2
(k=3
[ -



PNAME

e

. OFFICE

\ DEPT

PID

1% 1: Dependency Diagram

Hl J+Xl Q| single-valued dependenciesE S Wol=0 X7} JUCL XNSLE Oleist 2HSS M 2ol 24}
27|10l M PID= PROF entityof| tf 8t candidate key0| 7 OFFICE= MEMBER entity2| 572! st primary
key0|Ct. 047|A PID ¢t OFFICEJI PROFo| st composite key0] 1 OFFICE= MEMBER9| keye}
1 JtAGHAL otek PIDJE PROF Q| candidate key 0]|® PID 9 OFFICE= PROF2| uniquest record
instance2 M & =l C}. Dependencies= entities AF0] 2] associationE 0|2 = ZH0|C}. 2F2Fo] A Zroll thal 2
QF o1zt=l Bol 2ol 7% 5Lt 1S uff attribute(or set of attributes) B J} attribute(or set of attributes)
Ao| functionally dependent 5}CI D StC}. WebA], St entity Q] & instancesIt 22 A 2| /S JIAI ™ B9
& Z0lof stCt o|AtA o 2= P E nonkey attributeJ} entity2] key 0ff functionally dependentd}C}.
A9 HOIME 2 & U=0] YAl single-valued dependencies?| U] £5&F = functional dependencies,

I [ U

partial dependencies, transitive dependencies, and Boyce-Codd dependencies 0| C}.

e Functional dependencies

[2]E.D

Let R be a relation variable, and let X and Y be arbitrary subsets of the set of attributes of R.
Then we say that Y is functionally dependent on X—in symbols,

X=Y

(read ”X functionally determines Y” simple "X arrow Y”) - iff, in every possible legal value of

R, each X-value has associated with it precisely one Y-value.



e Partial dependencies
entity specification?| nonkey attribute BJ} composite primary key attribute A 9| subsetof| de-
pendent&tl 0]2{ st dependencyZ partialo|2t? stCt Of2i oAl CQl g+2 MENsI| |6 Al o}
A3 foto] 22522 attribute C&= primary key(Al, A2, A3)oll partially dependentdiCt. =,
attribute C= composite key (A1, A2, A3)o| 882 = @50 ola ZA S 0| XH =Ct

e Transitive dependencies
nonkey attributes S A}0]0| functional dependencies7} ZA & [ transitive dependencyl} ZAY
stCt o2 50| E3 1} E49| specification= M 245l 2 A} E42| A primary key H = attribute I
£ ZAZX sttt E3 o] A2 primary key F = attributes G, H, I£ Z2ZA sttt 07| M F= E40| M &l
functional dependencyE Eoll I £ MEist £ 910 B 2 E30| = transitive dependency)} & stC}.
GetM F 22 H=2, HoM I 29 21y e 21-Y dE s Sofl Fol 2ol 271 8 19| instanceo|

St A
do8 4 ot

e Boyce-Codd dependencies
nonkey attribute’)} composite primary key attribute sete] £2& ZZA XS W 7 entity spec-
ification0fl = Boyce-Codd dependency’} ZAstCt.T I ZAM ESE & £ QCE M 0| composite
primary keyQ| £20| 0 PJ} nonkey 0|82 P 2 M AL0]0]] Boyce-Codd dependencyJ} ZX|StL}.
otoF PJt nonkeyJ}t Of4 candidate key2}t® Boyce-Codd dependencyJt EMGHA| %= Z40] = C}.

3.2 Multivalued Dependencies ........ ... .. .. i

attributeJ} CIZ attributeof| CHsl oLt 0]Atel g+S A S f multivalued dependencyJ} & Al stCt.
0] A%, determinant 2} set of determined attributesA}0]0]| one-to-one association0| A & 6}X| 2 =C}.
0] 2 multivalued dependency = 2} Z A} double headed arrow 2 H A| 6tC}. multivalued dependencies©|
Ol 2 A Ct22| entity specification TEXTSZ A 245l & X}



BID

Course l

\ Section

1% 2: Dependency Diagram

TEXTS
composite key is (bid, section)
BID | COURSE |  SECTION

20 CS132 456
20 CS132 457
20 CS182 458
30 CS182 458
20 CS182 459
30 CS182 459
38 CS242 461
42 CS242 461
38 CS242 463
42 CS242 463
42 CS440 540

Dependencies= C}23} 2L}
e BID — COURSE
e COURSE — BID
e COURSE — SECTION

0l0fl 2 Dependency graph= CH21} 2L



0] specification2 F J§°o| =& = multivalued dependencies £ £ &t6t0 QC}. courses 2} text-
books0f| 25t A Y = book identification number(BID), course number(COURSE), course section num-
ber(SECTION)of| et MAECE 22 0{2] coursetf| Al AR E 4 910, course= 02 MS A& £
olooz COURSE 2 BID Al0|2] dependency= M:N 0| =ZIC}. =, courses= Ct49| sectionS JHA| B
2 COURSE 2} SECTION A}0]9] dependency= 1:N 0| =IC}. 0] ©ff , 282 course?] 2 E section2 2
2 textbookE £ L} JFASHCE 0]2]8t semantics?} multivalued dependenciest 20 TEXTS9 2=

instance € T3 5t= Hols X2 24 5t data item0] Z 25tCH TEXTSo|= 2% 11 instances J} Q)
=0l attributesZ 2|a ztzro| data valuesJt = 33JF € 6}[:}. 0] 33709 dataJl20 THX|l 1574 Bt
0] uniques}Ct. LI X = 25 data redundancyZS LIEFL] 0 QIC} 0] 2{ st redundant valuese= M2 SE

=l multivalued dependencies?| cross productof| 2|35 2t st 2 340|Ct FIHQ multivalued dependen-
cies (COURSE —>> BID, BID —>> COURSE), (COURSE —>>SECTION)2 M2 Sg=xold 0|7
= SECTIONZ} BID Atolofl 1™ 0l dependencyl} $i7| Wi 20|C}t.

3.3  Lossless DeCOmMPOSITIONS . ... ... ... i

dependency0|| Ui2} tableS oLt tE= T 0] 49| 212 table2 decomposesdts= 24 0| NormalizationQ!
Ol, Ol# Al decomposedt= Z42t0] ZR 6t Z40] Ofu|2}, decomposed part=& CHA| joingl S W X S9

AL =
tableg2 A& 4 2J0{0F M|t 2 = Normalization 2}A Q1 Z10|C}.

Decomposition
Z0{Zl table T 0ollAM, k J19| tables 29| decomposition2 {T1,T,Ts,...,T} tableo] 2o|C}t. =,
Head(T) = Head(T}) U Head(T%) U--- UHead(T}) 7}t =l C}.

To| rowsS2 T;2| columns2 project# Ct. functional dependency?| set FE JtA| 1D table TS de-

9|
compositionst= 71 S lossless decomposition0|2t? £ EC}.

Xl 4 B Theory of Functional Dependencies

functional dependencies®f] H5t0{ 22 theoryS0| &F5| 2Lt 047|A= BCNF 9 3NF Relational
database®| design0l| M 2%|= theoryo| JIZt Fst algorithmo| =S UF A} st} dvtxio=z
functional dependencyJ} F£0{% C}H 0| functional dependency= C}Z2 functional dependencyZ L}E}
W a5 olttE HS oolsttt ol 0, R = (A, B, C, G, H, I)2}&= relation schemeJ} FO{ & Tt J}
ZotAE 32l 0§70 wWE functional dependency set2 TS 1t 2L}

e A~ B
e A~ C
e CG— H

e CG — 1



e B+ H

CtAl F0{ &l functional dependenciesPtS 12 k7 0] functional dependencies J} J}

[ EAl ©3
&I @ € functional dependenciesE 1ne{&t LI} QCH 2 20[Z2K2F 0 &l functional dependencies
set2 & CIE functional dependenciesE J}EICH= A S 24 QL) 0]2] gt functional dependency S Fof|
9|5l logically implied & @I Ct st} 92| functional dependencyOfl M functional dependency A—H =
logically implied % 2iC}.ZS functional dependency 2| set0] Z0{& ujotC} A—H 9| functional depen-
dency & BFEA| QITH= Z40|CH I8 t1[A] = to[A] Q1 ¢1 1} to tuplesE J}A G| 2 AL A—B 2t= functional

dependencyJ} F0{F 7| W 20 functional dependency 2| AOo|of| we} ¢1[B] = to[B] Jt MElstrt. =,

B—H 2| functional dependencylt T J| 20 ¢1[H] = t2[H] & A Al functional dependency 9|
definitiond]] 2|5 A& stCt. WatA ¢ o to It t1[ ] = tg[A] MelAlZ! o otct tl[H] = tg[ ] 0] M&

st2 2 ¢ d=d olHde A—H S 2|o|stit.

FZ functional dependency?| set0|2t GtAL. Fo| closureE F+ 2 #A|ot=dl F 9 closurezt Fof| 2
oll logically implied & 2 E functional dependency?| setS stCh F I} £0{% S Wl functional depen-
dency?| formal definition© 2 2 A& FT2 HAS 4 QIC} 0tek Fo| 37|71 ACLIH 22 0] &Y 0|
Fle de ord Zolck Frol A a2 2ol A->H J} closuredf] QCH= 212 20[7| 2l F0{& typeQ]

O i 44+ A= Jlges

F

"11

argumentE L2 otC}. A ZEE functional dependencyof| T 5t0d
20|7| 2 6Lt inference rules It = axioms(| 7| =2 = 7|8 0| 2Z10|C}. 0] rulesE BtEX o2 M2

NZe2M F o FT& ztg 4 Lt

1. Reflexivity rule
XJ}F attributesQ| set0] 0 Y C X0|% X—YJI Mot}

2. Augmentation rule
X—=Y 7} ME5tD W Jt attributesQ| set0]H WX—WY J} A2 stct.

3. Transitivity rule
X—=Y Ot M6t Y—Z JOF st X—7 JF Mg sttt

0l rules S AME3S Of Z2& functional dependency’t LHSHA| 27| w20 l&Ly 9
Ch. Je2lD 0] #aS2 &8s, 0| = functional dependency 2| set FI} FO{A|H FTol @
= A4S A sl 71 W=20|Ct 0] st rule2 Armstrong’s axiomsO|2t? StC}. 0] Armstrong’s
axioms)} 2tF S 24 0l2t &X|2tE FTE Asteted 2AE AR5 slS0t J4AM & O 2t4 5}
ot7| 9ol UILAl £IHHQl ruleS HIt AL 22 0] #I1X QI ruleS S Armstrong’s axiomsS At
250] A2 U £ ULk

4. Union rule
X—Y J} Malstn X—Z JF MelstH X—YZ JF dalstr).

['ol

5. Decomposition rule
X—=YZ o de&olH X—Y JF Melotn X—Z 7} dEstc).



6. Pseudotransitivity rule
X—=Y Jt d&8otn WY—Z It delotH XW—Z 7t e sttt

J24% 0] rulesSS Aol MAlISH 2I10l HEAIHALAL of2iol FYo| ¥ memberS X 0{ 2L}

il

e A—H: A—B 9 B—H J} M2 522 rule 3(transitivity rule)2 & 2stC}.

-—

e CG—HI: CG—H ¢ CG—I J} M2 52 2 union rule(rule 4)2 = 5tC}.

e AG—I : 0|HE B0|7| ol ¥ CHAIt 25t M A—G I} MESIS 2 augmentation
rule(rule 2)2 AI25t0{ AG—-CGE U1 CG—IJF MEGIE 2 transitivity rule(rule 3)of| 2|3l
AG—IJ} =t

0| Ml set X J} superkeyQlX| 201517 2|58 X0l 2|5 functionally 2 A %= attributes setS H AH5H 8t
OFstCt. 0] HAF A Al functional dependency | set FO| closureE A Atol=0 st dL0|CH I8 XJ}
attributes set0|2t 0 J}A 6t A} functional dependency @] set F5Holl A X0l 2|5 functionally determined
gl 2 E attributesQ| setE Folol|AM 2] X9 closurea} D 5t X+T2 LIEJUCE FHE Hitels wvie

inference rule2 0| 25t= Zi0|C}. Ctals| & O 25021 & 20| ULt ofef 2l algorithme X+= H At}

7| glek Aol

Algorithm

result := X;
while ( changes to result ) do
for each functional dependency Y—>Z7 in F do
begin
if Y C result then result := result U Z ;
end

input2 functional dependency 9| set F 9} attributes set X0| 1 output2 94 resultof| M ZH=ICt 0]
algorithm 0| {9 A Sztot=Al 20|7| 2ol (AG)JFE HALSH B0 B A result = AG 2 A|&tstCt. 2+
functional dependencyZS testol7| |5l while loopE A A|F| =0 A loopOl A CIE2E &4 UL}

e A—B 20| Be resultofl Z&t=ICt. A—BJt Foll 90 A C result(AG)0| D W2tA result :=

|
result U BQl 7{o2 2t4& 9lr}.

e A—C & resultJ} ABCGJ} & Al stCt.

roh

e CG—HE resultJ} ABCGHI} &/ Al st}

o CG—=It resulty} ABCGHIJ} & A StC}.



while loopE T8 M = U resultol] A 2& attributeJ} Gl K| A| &0 algorithme 2L &= Zd0|C}
HEA 0] algorithmo0| Lt & £ Q=X Lol2AL A A2 X=X J} reflexivity ruledf] 2|5 &t
A MElstch T2 M resulte] 229 subset Yo thal X—Yetn st 4 QICt while loopE AlzHet
X—result @ J| I 20| ZZ resultof]l & & A= Ust g2 YV C result0| D Y—=ZIF MEl& ufj o] Ct.
result—Y J} reflexivity ruled] 2|5l A &5l 10 transitivity o] 2|5 X—Y J} MElstCt.
transitivity2] &= (2 M2 X—=Z A2 B0 ELL(X=Y0|D Y=ZUZ 0|2510]). Union rule2 X —
resultUZE B0{F D X = while loopOl| M 27| = 2|9 M| 2 resultE functionally determinestC}.
2tAl 0] algorithmoi] ool & Sedxl= o &t attribute X T ol QA S Ct. & 0] algorithm0] X T2 2 =
S S=Cl= AT B0|7] £t ook XToll = 9 1 resulto] = 9= 0 attributed} QU CHH Y C resulto]
1 Fol M0 gt attributed} resultoll gle= 240 ol Y—Z2| functional dependencyJ} BtE=A| ZA st
Ch gt &l gholl o 618 F9l sizeol| et £/ 2ke] A2 0] algorithme 4| $12] loopE S =l L.

4.138 Desirable Properties of Decomposition

database system S designst=0| 0 relationS 22 02l 9 relation© 2 decomposedt= 70| Z
25tCh 0] Y S 20]7] 25l Lending—schemeS 44 245 2L}

Lending-scheme = (branch-name, assets, branch-city, loan-number, customer-name,amount)

2| D functional dependency set F= TS} 2C}.

branch-name — assets
branch-name — branch-city
loan-number — amount

loan-number — branch-name

0124 € A Q| relation@ 2 T2 2+0| decomposedtCtd JHAGH B AL

Ry = ( branch-name, assets )
Rs = ( branch-name, branch-city)
R3 = ( loan-number, amount )
R4 = ( loan-number, branch-name )
R5 = ( loan-number, customer-name )
Lossless—join decomposition
22| decomposition2 losslessQId| 0|24 S £ W7 o HAH 0|2 ZZA 6= criterion=2 M A5l 0F st
Ch. R relation scheme0| D F= RO|A2] functional dependency setO|2t? & U Ry 1} Ro= R9
decompositionS lossless—join decomposestC}.

e RiNRy — Ry

e RiNRy — Ry



lossless—join decomposition® & B 0|J| |5 decomposition®| THAHIE ofcioll 20| CHHA

R, = ( branch-name, assets )

3 .
R, = ( branch-name, branch-city, loan-number, customer-name, amount )

branch-name — assets 0|7| I 20l augmentation0|| 2|5 branch-name — branch-name assets0| &l C}.
RN Ri = branch-name 0|7| I 20 Z=7|2| decomposition2 lossless—join decomposes}L}. Ct22 2
R,

Ry = ( branch-name, branch-city )

R, = ( branch-name, loan-number, customer-name, amount)
2 decompose stC}. branch-name— branch-city0| 2 2 0| ©HH & lossless—join decompose0]|C}. R;%
R3 = ( loan-number, amount )

3

R; = ( loan-number, branch-name )

_ 3
© 2 decomposedty R3 &

R, = ( loan-number, branch-name )

Rs = ( loan-number, customer-name )

© 2 decomposestr}.

AN 5 & Theory of Multivalued Dependencies

DE functional and multivalued dependencies set0|2t o}At. 2218 DQ| closure D™= Doj| 2|af
logically implied &&= 2 & functional and multivalued dependencies?Q| set2 2 stC}. functional depen-
dencies®| A& gl functional dependencies and multivalued dependenciesQ| definitionS 0| 25}0{ D
2 ¥ E1 DtE A Atst 4 it 29| functional and multivalued dependenciesol| U 3t inference rules2
oty

SICE A2 Al rules2 20A BUE Armstrong’s axiomsO|C}.

1. Reflexivity rule
XJ} attributesQ| set0| 0 Y C X mf, X—=YJI Ml stC}.

2. Augmentation rule
X—=YJor Mot Wot attributes2| set0| ™ WX—-WYJ} Mgl atct.

3. Transitivity rule
X—=YJr Mot Y=Zot dEstH X701 & g5ttt



4. Complementation rule
X—=Y0o|H X— R-Y— XJ} MstC}.

5. Multivalued augmentation rule
X=>YIHelsla W C ROV CWolH WX—=VYJ} Aalstet.

6. Multivalued transitivity rule
X—=Y0| Y—=Z0o|H X— Z-YJ Ml strt.

7. Replication rule
X—=YJI Melsts X—YoF Mg st

8. Coalescence rule
X=2YO0oDZCYO D WCR WNY =¢, W =ZIF M&lsle WIIF &R/ 61H X—ZJF M st}

|-o|

J2H 99 rulesSol thst exampleg BJ|2 dHAL R = (A, B, C, G, H, I )9 relation scheme0|2}
stch. 22l A—BC JF M@ttt JHA stth.multivalued dependencies 2| definition2 ¢1[A] = t2[A] 0]
M C}2S PHEol= tuples t3 I} t40F ERfstCl= 4 S 9 0| st}

t1[A] = t2[A] = t3[A] = t4[A]
t3[BC] = t,[BC]
LIGHI) = t:[GHI]
tL[GHI] = t,[GHI]
LBC] = t-[BC]

complementation rule2 A — BC 0| A — GHI &2

2ol ECH 2HEts| subscript2HS BE2CHH A—GHI o] Ho| & 31t t40F DHEAZICHE AS & 4 ULt ]
ot Tt S rule 5, 60f| o A &= multivalued dependencies®| definitionS 0| 23510 L 4 QICt. Rule
7, replication rule2 functional and multivalued dependenciesE *Zgtstr}. 72 RojlM A—BC JF Mgl
SHCt D Jt™ o 2 AL ti[A] = to[A], t1[BC] = t2[BC]Q| ZAH[IF U t1 3} tos 2825 AU Al 2AHIIF U S
tf multivalued dependency A—BC2| A 2|0 2|5 tuples t3,t43} L—?—EI Ct. Rule 8,coalescence rule,2
04 SiOHAl ruleZ 0l A 20171 JH2 &= 24012t 041 A 4 2fst2Ct.

Ct29| rulesE 0] 2510{ D9 closureE ZHcts| H A 4 QLY.

>|> ﬂJ

e Multivalued union rule
X—=Y, X—Z 7} MEstH X—=YZ Jt Mot

e Intersection rule
X =Y, X—=ZJt ME6IH X— Y NZJF Mg Gt

e Difference rule
XY, X=Z It el X— Y-Z , X— Z-Y I} A st}



2ol ruleg tt22] BI|0f B2AIHEAL R = (A, B, C, G, H, T) 0|1 0]212| dependencies set D=
Ofcl 2 &Ct.

e A—B
e B—HI
e CG—H
ot ol = D2 HIIX| memberE ©Q1 240|C}

e A—CGHI : A—Bo0|7| uj 20l complementation rule(rule 4)= A— R—B—AZS LIEIHC} 0{ 7| A
R-B— A = CGHI 0|28 A—CGHIJ} =L}

e A—HI: A—»B , B—HI 0|J| 20| multivalued transitivity rule(rule 6)2 A— HI-BZ L}E}H
Ct. HI-B = HIo|J| uj 20| A—HIJ} =lC}.

e B>H : 0]1242 ©0]|7] 25l coalescence rule(rule 8)2 = £25}0
HI,CGrightarrowH,CGNHI = ¢0|J7| ll20 X= B2
coalescence rule2 OFE A|ZICLU2IA B—He A28 Yy

=

OF stct. B—HIJ} MgsiCct H C

Y= HI2, W= CG2, Z= HZ 5104

g ALt

e A—~CG : 0|0] A—=CGHI , A—HIJ} Mglate 2 9} difference ruledf| 25§ A—CGHI — HI
Jt 5l CGHI — HI = CG 0|22 A—CGJ} MEstct.

-

AN 6 & Normal form

NormalizationE St0IC| 2 R OfolH Jtsst st 2SS Bl A ot0 SHIFAl AMALE SF X0 A OF LEEFLEA
ol Ao RAMES 2%6H ot ol20|2t & 4 QL) WetA Normalization?| Z=5%]90
worldZ £r} 5;1%51 OII'_ AMO JE2ZA Felst=Edl AT

& |

Real world= A=

1, WetM real worldE #&ole WHES HS UHE &~ 9o
HMA L = & Normal form® 6JFAI0|CL 0lS2l ME S stHHl 0|F0] Z1Zi0] oflZiol =HorE oo
oto 2 Normal formQ| 24X 0| O ZEElelet ol As Ao AX SEo2 sHAlo 2ol 4,5 AAEES HO

MOAIAl 52 HEf Ol

Normal formo| 2tctst EZ0 Coll 20t2 AL

o [}2 TJEWAM 2 £ 250| Normalize=|0] Jt= 2F CHY = hiararchyJl QUL & AFstE 2=

relation2 INF0| 5010, 2NF= INFo| 2t2f Z&tEICH=E AR E 2 4 L

o (|2 22| data base= BCNEJ}X| 0t Ot=3510 8 22| G0 AL & 4 L} & 4NFQF 5NF = real
0] =

5
worldofl H8&l&= A% AUS & AUAIL 0]



1% 3: NF Hierarchy.

QoM HdHst O IHAl OIS JHAI L, ASSRB= PAIAC HE BHAM IMIHAl L& st 67HA
normal formE A 5t2UCt
Olofl THoll 2tttol M S 6t SNEJLA| 8iE 4 U= Aoz 26 8oLt Al FUCHL T ANF
DA Jtsst Aoz oLt SR 0, ANFO|AM SNF2 Jte A2 =2 859 ol SULhH

t
Normalization0| 7| o= CtE 18 62 22 Table0|C}.

6.1 & 1 Normal Form

First Normal Form

First Normal Form : All domain contain atomic values only.

P 59| tablet| M 2 W 2+ tuple attributeof| Uisl ofLt2e] valuePt =0{J1™ INFe} & 4 QIC}. domain
valued} & A=0le 3 ¥l etoll S0{7t0F ottd, M 2kol §le St Null value®

Jt=35tCt. tablelE

INF&IH FIRSTJ} =Lt tablelo] 9= repeating groupS 9o FIRST 2 & domain0| atomic value@t

2 T a5teg INFo|Ct 5HA|[2H 0 relation2 4P 22 redundancyS JHA| 0 QICt WetA LD 2
2 anomalyJ} doj 4 QUCh.

e Insert : supplierJ}

St 0l &e] partE ZE5& W MHAl supplierdt SA 6t cityoll ?IAISCH= A S
insertsl 4= QiC}. 0|2 S™ Athenso| 9= supplier S5Z insert&te] D ol & S5I} partE 23 61K

2 =Ct™ insert & 4 GiCt

e Delete : supplierQ| tuple0| 5Lt @ I supplierJ} 255t partS deletes 4 2, supplier)} EA



S# PQ
S1 P# QTY [STATUS |CITY
P1 300 20 London
2 200
P3 400
P4 200
PA 100
Pos 100
EF£ QTY |STATUO: [CITY
S2 E1 00 10 Faris
F: 400
3 T# OTY |STATUES |CIl ¥
53 ] 00 0 Caris
I OTY [ETATUR CITY
34 Lz 200 2 London
P 200
Ps 160
St city Ol IXIStHCH= ABIER 20| G ZICH ol 2

S3J} ParisOf] 9| X|&tCt= ZA 7t

: supplierJ} cityS &

Al Lo &l

o
jel gTa

1 supplier?| 2 E tupleS

=9 supplier S10| London0j| A Paris2 &4 42

0|t 22 =HME0| &dot2 2, 0]d= gl

E9M S#7t S3, P# It P2Q1 tuple2 deletedt™

ZHOFM 0K

zHOFAM updatedl Z=0{0FStCE O
, S#Jt S121 Y= tupleg

240] second normal formO|C}.

Z=010f



| S# | STATUS | CITY | P# | QTY |

S1 20 London | P1 | 300
S1 20 London | P2 | 200
S1 20 London | P3 | 400
S1 20 London | P4 | 200
S1 20 London | P5 100
S1 20 London | P6 | 100
S2 10 Pairs P1 | 300
S2 10 Pairs P2 | 400
S3 10 Pairs P2 | 200
S4 20 London | P2 | 200
S4 20 London | P4 | 300
S4 20 London | P5 | 500

6.2 8 2 Normal Form ... ..

@ Second Normal Form

Second Normal Form : Every nonkey attribute is fully dependent on primary key.

Relation0] INF0| 1, 2 & nonkey attribute= primary key7| 0| irreducibly dependent st Second nor-
mal form0|C}. FIRSTO A city @} statuse= S#0| functional dependentstS 2 0242 2NF Aolo (=
LICE WetA] 01242 2eldll ez 2NF AQ|E otxEst 4 QILt. UetA table2Z 2NF5t# SECOND 1t
SPJ} =ICt. shA|gH 0] relation® 2K & 0| QL.

e Insert : cityoll supplierd} Q| &|& U] 7}K| cityQ| statusS insert& 4 QICL 0| S &9, seould]| sup-

plerJ} stH S ICHH seoul?| statusE insertst 4~ QiC}.

e Delete : city0l| supplierJ}t st H /8 A<, 1 supplier2 P HCIH, T city9l status® 20| g0
ZICE ol 2 9™, S5 g oittH AthensQ| statushA| 20| $L0{ &IC}

e Update : city?| statusS updatest A, 7 cityQ] 2 E tupleS zH0tA updated| F0{0FatCt. Ol
£ =W, Paris9| statusJ} 100j|AM 2022 B2 A<, cityJ} Paris@l 2 E tupleS ZH0tA updated)
OF BHCH.

0|2 22 2HIA0| LMo 2, 0|42 o 240] Third normal form0|C}.

».



| S# | P# | QTY |

S1 | P1 300
S1 | P2 | 200
[s# [staTus | crry | | oL ] P9 ] 400
S1 | P4 | 200
S1 20 London S1 1 ps 100
SECOND | S2 10 Pairs |SP

- S1 | P6 100

S3 10 Pairs
S2 | P1 300

S4 20 London
S3 | P2 | 200
S4 | P2 | 200
S4 | P4 | 300
S4 | P5 | 400

6.3 3 Normal Form ..o

Third Normal Form
Third Normal Form :A relation is in 3NF, iff it is in 2NF and every nonkey attribute is

non-transitively dependent on the primary key.

Relation0]| 2NF 0| 7 & = nonkey attribute= primary key0f| nontransitively dependenta}2 Third
normal formO|C}. SECONDO| M statuse= S#0f| functional dependentdt™ A city 0] = functionally
dependentslCl. 2tA] 0[2d2 3NFo| Aol o R} WelM 0|4 S 2eloll ez INF Aol
otE st 4 olC}. W2tA] table3E 3NF5HH SCet CSo| =IC}.

|s# | crry |

S1 | London | | CITY | STATUS
SC| S2 Pairs | CS| London 20

S3 Pairs Paris 10

S4 | London

6.4 & Boyce-codd Normal Form ....... ... ... .. . . .

BCNF

Boyce-Codd Normal Form : All determinant must be Candidate key.

3NEJFAl= Coddo} HMehet Zieldl, 3NF&= Rxdst d& 3 JHA D ULt

AHMIB| 2 6HAHA, relation0] CE 1} 24 S O



— Multiple candidate keyZE J}1& A<
— 0|2 candidate keyS0| 2eEMS

J
candidate keyS0| overrapped&t A<

0l A0 S35ty 2ol Hefel 3N °| 7t Boycet Coddof| 2|l &Cf Zst 2|o|=2 A& Ct. 0
M2 AMole= el SBNFe L 25t oiﬁl@% |olste 2, 3NFetn 22 &= i+l BCNF(Boyce/Codd
Normal Form)2t® 0| ZX|0{ XiCl.

e & SCTHM Te= S, Coll functionally dependentst D, C= Tof| functionally dependent s}
Ct. WetAs 2HME 0] M 2ICt

10

— Insert : course0f studentJ} $CIH, coursed]| teacher?] B E LS 4 SQiCL
— Delete : course0]] st HO| studentJ} 213, I student= WU AR, course? teacher?| AL

LAl 201 At2tZIC.

— Update : courseQ| teacherJ} 82 A, T course?| 2= tupleES ZH0tA DX F0{0fStC}.
0|2t 22 2MZE0| 27| = 242 attribute teacherJ} candidate keyJ} O}:l 0l & determinet 0]
J1 wf2ell, olzd2 BONFo| Aojol o R:ALt WetA 0l 2elol ez BONF ol
ot=st £ olr). wetA SCTE BCNFolH ST, TC=2 22| =}

STUDENT | COURSE | TEACHER ‘ ‘ STUDENT | TEACHER
Smith Math Prof. White Smith Prof. White

SCT Smith Physics | Prof. Green |ST Smith Prof. Green
Jones Math Prof. White Jones Prof. White

Jones Physics | Prof. Brown Jones Prof. Brown

TEACHER | COURSE

Prof. White Math
Prof. Green | Physics
Prof. Brown Math

TC

6.5 4 Normal Form ..o

@ Fourth Normal Form
Relation0j| A{ Multivalued dependense A—BJ} ZA) &t U, relation?] 2= =M 2 Ao 4=
E50|H ANFOICH olth= T 95 dEot=Ul, S reltione] RUst Z5M2 KX SEj0|CH

BP% BH deolde 0] &= S5de AU US
0l (Name, Author, Publisher)E H| 2|5l & P
BCNF| & 2HJF A& gsttt ol S0 Nameo| ParallelOl Author)} DAVISOHH

E



il

DAVITo 2 dH}¥ A S| Publisherof| thafl 2r2k St M 22 tuple & JHJF M A 0f
Ct. 0l= Author, PublisherJ} M2 S8 & 0|HA Nameo| oA = CHRIZE S A (mulivalues
dependency) 0| 17| W 20|Ct. 24 MVD(mulivalues dependency)Q| Zo|E 8™

Multivalued Dependense
Relation ROl 54 A, Bet C2 PHE 0 U0 A=BIt HElstH, FO& (A, C)&ol 2tH
= Yo B0l Azkoll 2t B561H C3tolle S8 % 010{0F st

0] €lC}. Relation BPoj|=
1. Name — Year

2. Name — Author
3. Name — Publisher

o Ml JHAl THRl &540] QUCH

29| relation BPO|M MJ|= 2= 42 S540] ot TIRIESHE S L8
tetM relation BPE CHR|ESAM 0] GI == M JHA 9 relation© 2 projectionA|
Mt gtojZict. BA(Name, Year), BB(Name, Author), BC(Name, Publisher)
Jd 647|AM BA(Name, Year) relation2 00| table BUjofl £ 3t7| 20 = £2Z It 9
Ct.

ol7| W &olCt.
71H olelst 2

6.6 A B Normal Form ..o

Fifth Normal Form
Candidate key 0] Z&tE K| &= &M S H I 5617] 21610 4NF reltionQ] projection
20| Al 5A &0l LCt.

fjo
i
o

271 9] projection© 2 nonloss-decomposition =X &7 M|l JiLt T 0|42 2 decomposition

He 490 EMols 22 M 48 Ade=2= 20| HAl &=L

Olol M NSME FIH2| relation© 2 projectionA|Z! A 0| (5, NS SM == SM1} MN =

= MNIZ} NS) 0|4 S joinA|H 2H MK 2= datao| e tupleo] I =Ch 2Lt LK

Al otLtQ] relation 2} joinstAH &M 2ol NSME oS 4 QL.

Ol Z Al 370 0]442] relationPt2 2 projection0| J}=6t 0| 7
01

2 £85tJ| W 20ICt 0{J[Al join dependencyS A 2|5t

join dependencyJ} M= HO

-
—
AL

join dependency
X, Y, , Z = Ro| Mo 82%5H0|Ct. relation RO| join dependency (X, Y, ... , Z)
0=oto, X, Y, ... , Z0il tist projectionS 9] joindt RO| 2Tt 0] & & A @lstct.

i

SNFOIl CHoll &2 d™otH AAAMA ol ol HoF 22240 EAfstct

I



x C++ #Mo|| Objectet= FH I+ Lt

* Objectets G 0] AAHRIQF 2t &0 QAL

* C++ 20| At 2481 MA 0|2t J1A oM C4++4+ & 2 Objectof] 2tsh F A0} 2hed M A

o|C}.
0l M okZ=HO| Jtsgt real worldofl M
(C++, Object, Math)
(C++, Class, CS)

cte= datadl & 5t8 (Parallel, Object, CS) 2t= A2 I} insert® 1 (C++, Object,CS) 2}
= tuple0] &M FJI &0 Mo} stCt= A olCt

0] 2| 0] relation NSME A[J] Q| relation® 2 projectionA| 2| P KA~ A 5 2 =ICt

A 7 & Implementation of Normalization

We will make normalization tool, and this tool is an independent application tool.

7.1 3 The purpose of Program ........ ... ... . . . . .

We decided several program rules for developing normalization tool.

* Project Name is < JOE Project >.
* To develop the general database design tool independent of special DBMS.

*

To give the user the most efficient normal form by automatical normalization process
to 2NF, 3NF, BCNF.

Development Program Language : C++ (Visual C++)
* Graphic Library : MFC

*

7.2  Schedules of developing program ............... i

Program Plan
*x First Week
To decide an whole structure and libraries, tools which are needed.

* Second Week
To decide an Algorithm and Data Structure.

+ Third Week

To implement a given structure, decide inheritances and internal functions.

*+ Fourth Week

To define internal class memeber function, coding directly.



+ Fifth Week

To make user interface by MFC, to bind coded program and user interface.

*x Sixth Week
To test program by using many testing data, to modifiy and debug.

*x Last Week
DEMO day and end.

7.3 8 Division of working . ... ... ...

x Attribute and Attribute set class implementation : Tacho Oh

*x Functional Dependency and Functional Dependency class implementation :
Hyunho Jung

* RelationSchema Class implementation : Joon-Myung Kang
* 2NF Function : Tacho Oh

* 3NF Function : Hyunho Jung

x* BCNF Function : Joon-Myung Kang
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