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C 1 < Introduction

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

are

� Elimination of redundant data storage.

� To avoid certain update anomalies

� Close modeling of real world entities, processes, and their relationships.

� Structuring of data so that the model is 
exible.

To make a set of relational schemes which satisfy these is a �nal 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 de�ne normalization simply.

1 Normalization

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

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

Normalization is to make a set of entity speci�cation1 to satisfy conditions of normal form de�ned.

Until now, there are six normal form as 1NF(First Normal Form), 2NF, 3NF, BCNF(Boyce-Codd

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

C 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.

2.2< Data redundancy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1entity speci�cation is to name attribute of entity. That is, one attribute can be included in several entity speci�cation.

This will be explained on update anomaly.



schema design� @v|�  #� base relations(�les)� ò� � storage spaceõ /�Ü � ,

�°. ¢ �� �ªù attributesú relation schema�¿ grouping¥÷¿� �¢ @võ µ�£ ½ �

°. Íx LÌ�® Ûbõ #Í4� EMP DEPT Relational schema® �,ú �¿ Ä� nù EM-

PLOYEE, DEPARTMENT ��� table�ú üp©Ã�. EMP DEPT�t� (DNUMBER, DNAME,

DMGRSSN)(department number, �ö#...)� [¢ attribute value�� � department�t Æ � ?

� employee� �Äü� ,ú Ç ½ �°. �Â¿ DEPARTMENT table�t� � department� Â©t

¢ ¥� #Í&°. ³� DNUMBER� EMPLOYEE table� � tuple�� #Í#L �°.

2.3< Update anomalies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EMP DEPT# EMP PROJ® �ù relation�ú base relation÷¿ PÌ 8 �f � Z °ô [

C |�  #� Update anomalies�°. Update anomalies� insertion anomalies, deletion anomalies,

modi�cation anomalies¿ uÛ£ ½ �°. ��� Â©t ò»¿ NIÃ�.

1. Insertion Anomalies

$9, EMP DEPT�^¿Ï employee tupleú insert �,úf�©Ã�. � tupleù employee�

Æ � department� Â¢ attribute�ú j¥ $#, �c employee� �¢ department� {°8

null	új¥©b¢°.^¿Ï employee�Æ � department� DNUMBER� 5�8 EMP DEPT

� �� tuples�| DNUMBER� 5
 tuple�� DNAME, DMGRSSN ® ÆX � attribute

value�ú insert©b ¢°. insertõ £ :�° �¢ ,ú Ý
 � ,ù ÑÏ Æ� I© ,�°.  

�� �g2� EMPLOYEE, DEPARTMENT tableú 0¿ �� EÍ EMPLOYEE� 5� insert©

s8 üt¿ X�t® �ù %Aù K©ê ý°.

°üù employee� {� departmentõ EMP DEPT� Y� � EÍõ f�© Ã�. ¢ �� �ª

ù employee� null valueõ O� ,�°.  �� SSN� EMP DEPT� primary key�t¿ [C�

�f¢°. �ü employee� � department� ¢ < �q ¡8 Ì �\ null value� �Å {3 ý°.

EMPLOYEE, DEPARTMENTõ 0¿ �� EÍ� �¢ [C� �f � M�°. employee� {

� department� f�Ì�ê department table� 9$ üt¿ null value� �Å{L employee�

� department� �¾üÌ�ê employee table� insertý°.

2. Deletion Anomalies

relation table EMP DEPT�t ��� employeeõ QC 3 ü8 department 1� Â© Lî¢

AÃ��� department 1� Â¢ AÃ� �ìü3 ý°.  �� ��� EMPLOYEE, DEPART-

MENT table�t� �¢ [C� �f � M�°.

3. Modi�cation Anomalies

EMP DEPT�t department 5� managerõ �ö°8, � department�t Æ L �� ?� em-

ployee� tuple�ú Update©b¢°.�©�M÷8 integrity�·�°.0�t,�z��ýC�q

#3 ü� ,�°. �g2� EMPLOYEE, DEPARTMENT table�t� DEPARTMENT� DNUM-

BER 5
 tuple #� �ô8 ý°.

2.4< ^ù Relational schema design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



Normalization� |Å�ú Ù�èÅ� æ©t  è ^ù Relational schema design� qE ,
� s

�©Ã�¿ 9°. Relational schema� \goodness"õ� Level�tÇ½�°.�¥«� logical level�

L �¥«� manipulation(or storage) level�°. logical levelù user� Relational schemaõ interpret 

� �ªY Relational table� �� data tuples�� �y� [¢ ,�°. logical level�t ^ù Relational

schema� relation�� data tuples� �yõ PÌ�� Ö3 �©£ ½ �êÀ © u°.

manipulation levelù base relation�t tuples� qN3 9$üL, Updateü��� [¢,�°. logical

level�t� base relationY view(virtual relaiton), � °� [î� �� �8, storage levelù ³� ]ý

:÷¿ 9$ý �le
 base relation�� [î� �°. Normalizationù base relation� [¢ ,�°.

1. Semantics of the Relation Attributes

Íx Relational schema� meaningú Ö3 z<£ ½ �qb ¢°.

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

sign.

EMPLOYEE Relational schema� meaningù �Í ³¿ °. � tupleù employeeõ #Í6°.

DNUMBER� EMPLOYEE® DEPARTMENTP�� relationshipú #Í4� foreign key�°.

DEPARTMENT tupleù department entityõ #Í4L, PROJECT tupleù project entityõ #

Í6°. DEPARTMENT� attribute DMGRSSNù department® � department� manager


employeeõ �@èÇ°. PROJECT� DNUMù project® � projectõ �L �� departmentõ

�@èÇ°. DEPT LOCATIONS® WORKS ON relation schema� semanticù X�t s�¢

, Ã°� c� Ä! °.

2. Reducing the redundant values in tuples

�,� [¢ ,ù X�t ?Û& z<ü}°. |Å¢ ,ù insertion, deletion, modi�cation anoma-

lies� relation�t Æq#� M� base relationú design �b ¢°� ,�°.

3. Reducing the null values in tuples

schema design�t �ù attritueú ?It \fat" relationú �� ½ê �°. �¢ EÍ� �ù

attribute�� � relation � ?� tuples� Â©t 	ú K �� ½ �°. 0�t relation� �ù 	

�� null � üqb¢°. �,ù storage� /ü�L, attribute� meaningú �© �Ú [Cõ Æ

÷È ½ê �°. °ô [C� COUNT# SUMY �ù aggregate operationú PÌ£ : null� Â

¢ count [C�°. Ìu# nullù � �� �yõ �� ½ê �°.

� The attribute does not apply to this tuple.

� The attribute value for this tuple is unknown.

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

0�t ^ù Relational schema design� ü� æ©t� base relation� 	� � ¢ null�ü� M

� �³÷¿ attribute�ú :<& base relation÷¿ ��qb ¢°.



4. Disallowing spurious tuples

�g5� EMP LOCS® EMP PROJ1ú Ã�. �,ù �g4� EMP PROJ Âê 8 ½ �°. �g5�

table EMP PROJ1Y EMP LOCS� EMP PROJ� project operation� �© uq � ½ �°.

EMP PROJ1Y EMP LOCS� EMP PROJÂê base relation� �°L �A �.  �� �,ù

^ù schema design� I¦°. EMP PROJ1Y EMP LOCS¿ Ù� information
 EMP PROJõ

uú ½{�:[�°. EMP PROJ1Y EMP LOCSõ NATURAL-JOIN¢°8, EMP PROJÃ°

Ì �ù tuples� f¡°. join� @Y� �g6�t® �°. EMP PROJ�� {�Ú EMP PROJ1Y

EMP LOCS� join�@Y�� �� �Gý tupleú spurious tuples��L ¢°. spurious tuplesù

�g6�t *¿ vèüq �� tuple�°. �¢ �Gý @Y� #Í#� �î� EMP PROJõ �õ :

EMP PROJ1Y EMP LOCSõ �@è� s� attribute÷¿ PLOCATIONú xØ°� :[�°.

PLOCATION� EMP PROJ1# EMP LOC�t primary keyê foreign keyê I¦°. 0�t ^

ù Relational schema designú æ©t� primary key# foreign keyõ xØ©t JOINú £ ½ �

êÀ relation schemaõ design¢°.

��«� Íý� tableú Ä�t � �� [C>�� ©@þ ½ �üú U_ ÃU°.  �� normal

form�ú :ÌèÇ S�:
 �ª� I¦}°. �CÙâ Íý� X Ì S�:�L, � A�üq ��

rule�ú �� £ ,�°.

C 3 < Entity Attributes P�� [G

� attributes P�� ��� � ¢ �[� �ú ½ �°. 1:1, 1:N , M:N �[� �,�°. �, ¢ at-

tribute�  # Z� � �\� °ô attributes � 	ú xØ $# @A£ ½ �� ,�°. Attribute A

� attribute Bõ @A¢°L �A©Ã�. �,ù ¢ entity� � instance� A � Â© �ù 	ú ��

: ��è B� Â©tê �ù 	ú �Kb ¢°� ,ú �y¢°. attribute A � attribute B� 	ú @

A£ : � P�� 1:1 association� [© m� £ ½ �°.record� primary key� #"� attributes�

determinant�°. 0�t 1:1 association ù single-valued dependency� example�L 1:N Y M:N as-

sociationù multivalued dependencies� example�°. �c attribute A ® B P�� 1:N multivalued

dependency � �°8 A � 	� �ù B� 	ú @A£ ½ �°. M:N association� �°8 attribute A

� 	� î¢�� B 	ú @A£ ½ �L attribute B � 	� Z°ô î¢�� A 	ú @A£ ½ �� ,

�°.

3.1< Single{Valued Dependencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

entity speci�cation�t ¢ attribute� #"� °ô ?� attribute�ú @A£:, determinant� en-

tity� Â¢ candidate key�°. primary key� candidate key|�t xØý°. entity� �ù candidate

keyú ��½ ���, A�� �©³� #� primary keyõ ��°. ��t Íý� nonkey attributes�

candidate keyõ j¥¢°L �A¢°. ·= 8 primary key� �y xØü}� :[�°.

¢ entity� attributes� P��� P [ê� single{valued dependencies� �°.



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

�¥«� ���¢ single-valued dependency¿t primary key� nonkeyõ @A � ,÷¿ determi-

nant� primary key attribute�� :[�°.0�t � dependency� �leY DBMS environment�t N

²K�L xsþ ½ �°. #"� � [ê� dependencies� semantics� application programs� �© î

�ü� associationú #Í4L �°.

°ü� entity speci�cationú f�© Ã�.

professor Table

composite key is (pid, oÆce)

PID OFFICE PNAME DEPT

20 413 Barnes CS

21 414 Smith CS

25 404 Gumb CS

34 304 Wong EE

55 402 Katz EE

57 402 Schwartz EE

27 414 Schwartz CS

Member

key is oÆce

OFFICE DEPT

414 CS

413 CS

404 CS

304 EE

402 EE

Dependenciesis� °üY �� ý°.

� PID ! PNAME, OFFICE, DEPT

� OFFICE ! DEPT

�� 0ô Dependency graph� °üY �� ý°.

� speci�cationù ¡p�t faculty� Â¢ dataú ��� entitiesú A� L �°. professorù îÆ

¢ identi�cation number(PID)õ ��L ��� oÆce� �ù department� ôÒ® Wî¢°. æ ��ù

sq� functional dependency� Â© �$ ^ù speci�cationù I¦°. Pì, entity speci�cation�t



 PID

PNAME

OFFICE

   DEPT

�� 1: Dependency Diagram

P��� single-valued dependenciesõ �< �Ú [C� �°. ��Ùâ � ¢ [C�ú f�© Ã�.

Ã��t PID� PROF entity�Â¢ candidate key�L OFFICE�MEMBER entity�îÆ¢ primary

key�°. ��t PID ® OFFICE� PROF� Â¢ composite key�L OFFICE� MEMBER� key�

L �A �. �c PID� PROF� candidate key �8 PID ® OFFICE� PROF� unique¢ record

instance¿xØý°. Dependencies� entitiesP�� associationú�ò�
�°.��� A	�Â©�

® �[ý B� 	� ¡�  # �ú : attribute(or set of attributes) B � attribute(or set of attributes)

A� functionally dependent  °L ¢°. 0�t, ¢ entity� � instances� �ù A � 	ú ��8 B�

	ê �Ib ¢°. �\:÷¿� ?� nonkey attribute� entity� key � functionally dependent °.

X� v�tê Ç ½ �"� Æ�:
 single-valued dependencies� P [ê� functional dependencies,

partial dependencies, transitive dependencies, and Boyce-Codd dependencies �°.

� Functional dependencies

2 F.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") - i�, in every possible legal value of

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



� Partial dependencies

entity speci�cation� nonkey attribute B� composite primary key attribute A� subset� de-

pendent£: � ¢ dependencyõ partial��L ¢°. I��t C� 	ú xØ � æ© A1 Y

A3 	�� �Å t¿ attribute C� primary key(A1, A2, A3)� partially dependent °. �,

attribute C� composite key (A1, A2, A3)� ÙÛ Z� ?�� �© @Aüq�3 ý°.

� Transitive dependencies

nonkey attributes � P�� functional dependencies� U&£ : transitive dependency� U&

¢°. �õ �q E3 Y E4� speci�cationú f�©Ã�. E4� EÍ primary key H � attribute I

õ @A¢°. E3 � EÍ primary key F � attributes G, H, Iõ @A¢°. ��t F� E4� xsý

functional dependencyõ �© I õ xØ£ ½ �÷t¿ E3�� transitive dependency� U&¢°.

0�t F ¿Ùâ H ¿, H �t I ¿� �? Z� �?: �ªú �© F� 	� �$¢ I� instance�

?�£ ½ �°.

� Boyce-Codd dependencies

nonkey attribute� composite primary key attribute set� ÙÛú @A�ú : � entity spec-

i�cation�� Boyce-Codd dependency� U&¢°.� �¿t E5õ � ½ �°. M � composite

primary key� ÙÛ�L P� nonkey �t¿ P ® M P�� Boyce-Codd dependency� U&¢°.

�c P� nonkey� I¨ candidate key�8 Boyce-Codd dependency� U& � M� ,� ý°.

3.2< Multivalued Dependencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

attribute� °ô attribute� Â©  # �\� 	ú @A£ : multivalued dependency� U&¢°.

� EÍ, determinant ® set of determined attributesP�� one-to-one association� �� � M�°.

�¢ multivalued dependency����\ double headed arrow¿vè¢°. multivalued dependencies�

�¿t °ü� entity speci�cation TEXTSõ f�©Ã�.



Course

   BID  

Section

�� 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� °üY �°.

� BID ! COURSE

� COURSE ! BID

� COURSE ! SECTION

�� 0ô Dependency graph� °üY �°.



� speci�cationù � �� ë�ý multivalued dependencies õ j¥ L �°. courses ® text-

books�[¢AÃ� book identi�cation number(BID), course number(COURSE), course section num-

ber(SECTION)� 0� 9$ý°. þù �  course�t PÌþ ½ �L, course� �  þú PÌ£ ½

�÷t¿ COURSE ® BID P�� dependency� M:N � ý°. Z, course� °½� sectionú ��t

¿ COURSE ® SECTION P�� dependency� 1:N � ý°. � : , �ù course� ?� sectionù �

ù textbookõ 7°L �A¢°. � ¢ semantics® multivalued dependencies:[� TEXTS� ?�

instance õ vÇ � Ú�� �ù Ý�Å¢ data item� �Å °. TEXTS�� ?� 11 instances � �

�Ú attributesõ æ© ��� data values� * 33�� �Å °. � 33�� data�ÏÚ ³� 15� �

� unique °. #"�� ?� data redundancyõ #Í4L �°. � ¢ redundant values� t¿ ë�

ý multivalued dependencies� cross product� �© �f¢ @Y�°. ��� multivalued dependen-

cies (COURSE {>> BID, BID {>> COURSE), (COURSE {>>SECTION)ù t¿ ë�:
Ú �î

� SECTIONY BID P�� �?:
 dependency� {� :[�°.

3.3< Lossless Decompositions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

dependency� 0� tableú  # Z� � �\� �ù table¿ decompose � ,� Normalization


Ú, �©3 decompose � ,�� |Å¢ ,� I¦�, decomposed part�ú °è join°ú : �ü�

tableú uú ½ �qb CÂ¿ ý Normalization YA
 ,�°.

3 Decomposition

sq� table T �t, k �� tables ¿� decompositionù fT1; T2; T3; :::; Tkg table� ?��°. �,

Head(T) = Head(T1) [ Head(T2) [ � � � [Head(Tk)� ý°.

T� rows�ù Tj� column�¿ projectý°. functional dependency� set Fõ ��L table Tõ de-

composition � ,ú lossless decomposition��L Ùô°.

C 4 < Theory of Functional Dependencies

functional dependencies� Â � �ù theory�� �;© µ°. ��t� BCNF ® 3NF Relational

database� design� :Ìü� theory� �$ îÌ¢ algorithm� #>ú �8L� ¢°. Æ�:÷¿

functional dependency� sqP°8 � functional dependency� °ô functional dependencyõ #Í

7 ½ê �°� ,ú �y¢°. �õ �q, R = ( A, B, C, G, H, I)�� relation scheme� sqP°L �

A �. �ýL ��� 0ô functional dependency setù °üY �°.

� A ! B

� A ! C

� CG ! H

� CG ! I



� B ! H

³� sq� functional dependencies�úL² � ,ù ?Û � ML � functional dependencies� �

� ?� functional dependenciesõ L²£ �Å� �°. O Ã�9�� sq� functional dependencies

setù Z °ô functional dependenciesõ ��°� ,ú N½ �°. � ¢ functional dependencyõ F�

�© logically impliedü}°L ¢°. æ� functional dependency�t functional dependency A!H �

logically implied ü}°.� functional dependency � set� sq� :�° A!H � functional depen-

dencyê��è�°�,�°.�¤ t1[A] = t2[A]
 t1 Y t2 tuplesõ�A©Ã�. A!B�� functional

dependency� sqP� :[� functional dependency � A�� 0� t1[B] = t2[B] � ��¢°. Z,

B!H � functional dependency� sqP� :[� t1[H] = t2[H] ê �è functional dependency �

de�nition� �© ��¢°. 0�t t1 Y t2 � t1[A] = t2[A] ú ��èÈ :�° t1[H] = t2[H] � ��

¥ú Ç ½ ��Ú �,ù A!H õ �y¢°.

Fõ functional dependency� set��L  �. F� closureõ F+ ¿ vè �Ú F � closure� F� �

© logically impliedý ?� functional dependency� setú 
¢°. F � sqPú : functional depen-

dency� formal de�nition÷¿ Ùâ �? F+õ GS£ ½ �°. �c F� ¾�� ¾°8 ]Á � �z�

ÑÏ ,ù I© ,�°. F+� GSù æ�t A{>H � closure� �°� ,ú Ã�� æ© sq� type�

argumentõ �Å¿ ¢°. ��Ùâ functional dependency� Â � X Ì Ö3 f�£ ½ �� �ªú

Ã��¿  9°. inference rules Z� axioms� �#õ � �ª� �,�°. � rulesú �Ä:÷¿ :Ì

èÉ÷¿t F � F+õ üú ½ �°.

1. Re
exivity rule

X� attributes� set�L Y � X�8 X!Y� ��¢°.

2. Augmentation rule

X!Y � �� L W � attributes� set�8 WX!WY � ��¢°.

3. Transitivity rule

X!Y � �� L Y!Z � �� 8 X!Z � ��¢°.

� rules �ú PÌ°ú : �Gý functional dependency� �f � M� :[� 
A�L �

°. �ýL � �Y�ù °¹¢Ú, �î� functional dependency � set F� sq�8 F+� ?

� ,ú ü3 © s� :[�°. � ¢ ruleú Armstrong's axioms��L ¢°. � Armstrong's

axioms� °;¢ ,�� £��ê F+õ GS �Ú �? PÌ �� *�°. ��t X Ì ��Ü

 � æ© =�� Ù�:
 ruleú �� °°. ]Á � Ù�:
 rule�ù Armstrong's axiomsú P

Ì � A¾�ú �<£ ½ �°.

4. Union rule

X!Y � �� L X!Z � �� 8 X!YZ � ��¢°.

5. Decomposition rule

X!YZ � �� 8 X!Y � �� L X!Z � ��¢°.



6. Pseudotransitivity rule

X!Y � �� L WY!Z � �� 8 XW!Z � ��¢°.

� 8 � rules�ú X�t Cè¢ Ã�� :Ìè�Ã�. I�� F+� = memberõ :qÆ°.

� A!H : A!B ® B!H � �� t¿ rule 3(transitivity rule)ú :Ì¢°.

� CG!HI : CG!H ® CG!I � �� t¿ union rule(rule 4)õ :Ì¢°.

� AG!I : �,ú Ã�� æ©x = ³G� �Å °. $9 A!G � �� t¿ augmentation

rule(rule 2)õ PÌ � AG!CGõ uL CG!I� �� t¿ transitivity rule(rule 3)� �©

AG!I� ý°.

�C set X � superkey
� Ý
 � æ© X� �© functionally @Aü� attributes setú GS© Ì

b¢°. � GS �è functional dependency� set F� closureõ GS �Ú îÌ¢ ÆÙ�°. �¤ X�

attributes set��L �A �. functional dependency� set F �t X� �© functionally determined

ü� ?� attributes� setú F �t� X� closure�L  L X+¿ #Í6°. F+õ GS � �ªù

inference ruleú �Ì � ,�°. °±& X Ì îñ:
 ?�� �°. I�� algorithmù X+õ GS 

� æ¢ ,�°.

4 Algorithm

result := X;

while ( changes to result ) do

for each functional dependency Y{>Z in F do

begin

if Y � result then result := result [ Z ;

end

inputù functional dependency � set F ® attributes set X�L outputù º½ result� 9$ý°. �

algorithm� qN3 ô� �� Ã�� æ© (AG)+õ GS© Ã9°. $9 result = AG ¿ è�¢°. �

functional dependencyõ test � æ© while loopõ ì±èÅ�Ú � loop�t °üú N½ �°.

� A!B :[� B� result� j¥ý°. A!B� F� �L A � result(AG)�L 0�t result :=

result [B
 ,÷¿ N½ �°.

� A!C � result� ABCG� ü3 ¢°.

� CG!H� result� ABCGH� ü3 ¢°.

� CG!I� result� ABCGHI� ü3 ¢°.



while loopõ �¥« î : result� ^¿Ï attribute� Ì©�� ML algorithmù �#3 ü� ,�°.

qN3 � algorithm� ¨°L £ ½ ��� NIÃ�. � ³G¿ X!X � re
exivity rule� �© ¨

\ ��¢°. ��t result� ��� subset Y� Â© X!Y�L 
£ ½ �°. while loopõ è�£ :

X!result�� :[� Zõ result� Ì£ ½ �� îÆ¢ �ªù Y � result�L Y!Z� ��£ :�°.

result!Y� re
exivity rule� �© �� L transitivity� �© X!Y � ��¢°.

transitivity� Z °ô :Ìù X!Z �ú Ã�u°.(X!Y�L Y!Z�ú �Ì �). Union ruleù X !

result[ZõÃ�sL X� while loop�tf�� ��� ^¿Ï resultõ functionally determine¢°.0

�t � algorithm� �© üî²�� qC¢ attributeê X+� �3 ý°. Z � algorithm� X+� ?�

,úü�°�,êÃ��Ö°.�cX+���L result��{�qE attribute��°8 Y � result�

L F� :qê ¢ attribute� result� {� ,� Â© Y!Z� functional dependency� ��è U&¢

°. �Å� �� � 8 F� size� 0� /J� EÍ � algorithmù P¥� loopõ î3ý°.

4.1< Desirable Properties of Decomposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

database systemú design �Ú �q relationú �ù � �� relation÷¿ decompose � ,� �

Å °. � �]ú Ã�� æ© Lending{schemeú f�© Æ°.

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

�ýL functional dependency set F� °üY �°.

branch-name ! assets

branch-name ! branch-city

loan-number ! amount

loan-number ! branch-name

�,ú °��� relation÷¿ °üY �� decompose¢°L �A© Ã�.

R1 = ( branch-name, assets )

R2 = ( branch-name, branch-city)

R3 = ( loan-number, amount )

R4 = ( loan-number, branch-name )

R5 = ( loan-number, customer-name )

Lossless{join decomposition

æ� decompositionù lossless
Ú �,ú �< � æ© $9 �õ @A � criterionú Cè©b ¢

°. Rù relation scheme�L F� R�t� functional dependency set��L £ : R1 Y R2� R�

decompositionú lossless{join decompose¢°.

� R1 \R2 ! R1

� R1 \R2 ! R2



lossless{join decomposition�ú Ã�� æ© decomposition� ³Gõ I�� Ã�9°.$9

R1 = ( branch-name, assets )

R`
1 = ( branch-name, branch-city, loan-number, customer-name, amount )

branch-name ! assets �� :[� augmentation� �© branch-name ! branch-name assets� ý°.

R1 \R
`
1 = branch-name �� :[� #�� decompositionù lossless{join decompose °. °ü÷¿

R`
1ú

R2 = ( branch-name, branch-city )

R`
2 = ( branch-name, loan-number, customer-name, amount)

¿ decompose ¢°. branch-name! branch-city�t¿ � ³Gê lossless{join decompose�°. R`
2õ

R3 = ( loan-number, amount )

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

÷¿ decompose L R`
3õ

R4 = ( loan-number, branch-name )

R5 = ( loan-number, customer-name )

÷¿ decompose¢°.

C 5 < Theory of Multivalued Dependencies

Dõ functional and multivalued dependencies set��L  �. � 8 D� closure D+� D� �©

logically impliedü� ?� functional and multivalued dependencies� setú 
¢°. functional depen-

dencies� EÍ�¤ functional dependencies and multivalued dependencies� de�nitionú �Ì � D

¿ Ùâ D+õ GS£ ½ �°. °ü� functional and multivalued dependencies�Â¢ inference rulesù

°¹ °. �ü � rulesù X�t ÃUÏ Armstrong's axioms�°.

1. Re
exivity rule

X� attributes� set�L Y � XÆ :, X!Y� ��¢°.

2. Augmentation rule

X!Y� �� L W� attributes� set�8 WX!WY� ��¢°.

3. Transitivity rule

X!Y� �� L Y!Z� �� 8 X!Z� ��¢°.



4. Complementation rule

X!Y�8 X! R�Y� X� ��¢°.

5. Multivalued augmentation rule

X!Y� �� L W � R �L V �W�8 WX!VY� ��¢°.

6. Multivalued transitivity rule

X!Y�L Y!Z�8 X! Z�Y� ��¢°.

7. Replication rule

X!Y� �� 8 X!Y� ��¢°.

8. Coalescence rule

X!Y �L Z � Y�L W � R, W \ Y = �, W !Z� �� � W� U& 8 X!Z� ��¢°.

� 8 æ� rule�� Â¢ exampleú Ã�¿  �. R = ( A, B, C, G, H, I )� relation scheme��L

¢°. �ýL A!BC � ��¢°L �A¢°.multivalued dependencies � de�nitionù t1[A] = t2[A] �

8 °üú �T � tuples t3 Y t4� U&¢°� ,ú �y¢°.

t1[A] = t2[A] = t3[A] = t4[A]

t3[BC] = t1[BC]

t3[GHI] = t2[GHI]

t4[GHI] = t1[GHI]

t4[BC] = t2[BC]

complementation ruleù A ! BC �8 A ! GHI �ú


©u°. �³& subscript�ú �ö°8 A!GHI � A�õ t3Y t4� �TèÇ°� ,ú N ½ �°. ü

æ¢ ³Aú rule 5, 6� Â©tê multivalued dependencies� de�nitionú �Ì � 4� ½ �°. Rule

7, replication ruleù functional and multivalued dependenciesõ j¥¢°. �º R�t A!BC � ��

¢°L �A© Ã�. t1[A] = t2[A], t1[BC] = t2[BC]� [G� �L t1Y t2� �� �ê�3 [G� �ú

: multivalued dependency A!BC� A�� �© tuples t3; t4� Åuý°. Rule 8,coalescence rule,ù

�Ó�� rule|�t Ã�� �$ *� ,�� ��t f� 9°.

°ü� rulesú �Ì � D� closureõ �³& GS£ ½ �°.

� Multivalued union rule

X!Y, X!Z � �� 8 X!YZ � ��¢°.

� Intersection rule

X !Y, X!Z� �� 8 X! Y \ Z� ��¢°.

� Di�erence rule

X!Y, X!Z � �� 8 X! Y�Z , X! Z�Y� ��¢°.



æ� ruleú °ü� Ã�� :Ìè�Ã�. R = ( A, B, C, G, H, I ) �L �,� dependencies set D�

I�® �°.

� A!B

� B!HI

� CG!H

I��� D+� =�� memberõ Ã
 ,�°.

� A!CGHI : A!B�� :[� complementation rule(rule 4)� A! R�B�Aõ #Í6°. ��t

R�B� A = CGHI �t¿ A!CGHI� ý°.

� A!HI : A!B , B!HI �� :[� multivalued transitivity rule(rule 6)ù A! HI�Bõ #Í6

°. HI�B = HI�� :[� A!HI� ý°.

� B!H : �,ú Ã�� æ© coalescence rule(rule 8)ú :Ì �b ¢°. B!HI� ��¢°. H �

HI;CGrightarrowH;CG \ HI = ��� :[� X� B¿ Y� HI¿, W� CG¿, Z� H¿  �

coalescence ruleú �TèÇ°.0�t B!H� @Áú 4� ½ �°.

� A!CG : �y A!CGHI , A!HI� ��¥ú NL �°. di�erence rule� �© A!CGHI � HI

� üL CGHI � HI = CG �t¿ A!CG� ��¢°.

C 6 < Normal form

Normalizationú ¢�%¿ Åc 8 � ¢ ¢ |Ä�ú �C � ¢�� Pìù ¢ V�t� #Í#3

 � AÃ� X@�ú Ã$ 3  � �Á�� £ ½ �°. 0�t Normalization� ��:
 @:ù real

worldõ Ã° îñ:�L Çì� �²3 vÇ �Ú �°L  9°.

Real world� G� º L �L, 0�t real worldõ vÇ � �ªù G� �;£ ½ �÷#, Ç&«�

�G� Ý�ý Normal formù 6���°. ��� ��ê ¢Ã¥� �Øq �,� I¨,� óKú  8

X÷¿ Normal form� �;� Ì �;üý� �\ü�� ìC ÿÌ�� ¢G� �© 4,5 A�Íù $�

5��� Mù \×�°.

Normal form� �³¢ "�� Â© NIÃ�.

� °ü ���t Ç ½ �"� Normalizeüq �� � ³G� hiararchy� �°. � A�Üý ?�

relationù 1NF� � L, 2NF� 1NF� �� j¥ý°� Pìú N ½ �°.

� ÂÙÛ� data base� BCNF«�� �T 8 »Xý {� PÌ £ ½ �°. � 4NF® 5NF� real

world� :Ìü� EÍê �ú ½ ��� �Á\� �;÷¿ �© 8 þ ,�°.



1NF

2NF

3NF

BCNF

 4NF 5NF

�� 3: NF Hierarchy.

X�t z<¢ � �� �Áú ��L, ��Ùâ� u�:
 �õ Ã8t Ç&«� �;¢ 6��

normal formú �� 9°.

�� Â© �³& z<ú  8 5NF«� �÷ ½ �� ,÷¿ f�© ÃU÷# Ö� MU°. ��t 4NF

«� � ¢ ,÷¿  # �}L, 4NF�t 5NF¿ �� ,ù 0¿ »ê� �õ �}°.

Normalization� ü� ;�� °ü �� 6® �ù Table�°.

6.1< 1 Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5 First Normal Form

First Normal Form : All domain contain atomic values only.

Ã�� table�t Ç : � tuple¾ attribute� Â©  #� value� �q�8 1NF� £ ½ �°. domain

value� sq� EÍ�� � ©æ K� �q�b  6, Cc� {� ¢ Null valueê �  °. table1ú

1NF 8 FIRST� ý°. table1� �� repeating groupú {Y FIRST ?� domain� atomic value�

ú j¥ t¿ 1NF�°.  ��, � relationù CX �ù redundancyõ ��L �°. 0�t °üY �

ù anomaly� Æq( ½ �°.

� Insert : supplier� ¢ � �\� partõ W�£ :«� supplier� "A¢ city� æX¢°� ,ú

insert£ ½ {°. �õ �8 Athens� �� supplier S5õ insert£²L ©ê S5� partõ W� �

M�°8 insert £ ½ {°.

� Delete : supplier� tuple�  #Æ : � supplier� W�¢ partõ delete£ EÍ, supplier� "A



¢ city� æX¢°� AÃ«� �� {q�°. �õ �8 S#� S3, P#� P2
 tupleú delete 8

S3� Paris� æX¢°� ,«� {q�°.

� Update : supplier� cityõ ¦£ EÍ, � supplier�?� tupleú üIt update© sqb¢°. �

õ �8 supplier S1� London�t Paris¿ ¦£ EÍ, S#� S1
 ?� tupleú üIt L�sqb

¢°. �® �ù [C>� �f t¿, �,ú {[ ,� second normal form�°.



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< 2 Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6 Second Normal Form

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

Relation� 1NF�L, ?� nonkey attribute� primary keyÅ� irreducibly dependent 8 Second nor-

mal form�°. FIRST�t city® status� S#� functional dependent t¿ �,ù 2NF A�� q�

&°. 0�t �,ú Ûý© 8÷¿ 2NF A�õ �T£ ½ �°. 0�t table2õ 2NF 8 SECONDY

SP� ý°.  ��, � relationê [C>� �°.

� Insert : city� supplier� æX£ :«� city� statusõ insert£ ½ {°. �õ �8, seoul� sup-

pler� ¢<ê {°8 seoul� statusõ insert£ ½ {°.

� Delete : city� supplier� ¢ < �ú EÍ, � supplierõ {[°8, � city� statusê �� {q

�°. �õ �8, S5õ {[°8 Athens� status«� �� {q�°.

� Update : city� statusõ update£ EÍ, � city� ?� tupleú üIt update© sqb¢°. �

õ �8, Paris� status� 10�t 20÷¿ �� EÍ, city� Paris
 ?� tupleú üIt update©

b ¢°.

�® �ù [C>� �f t¿, �,ú {[ ,� Third normal form�°.



SECOND

S# STATUS CITY

S1 20 London

S2 10 Pairs

S3 10 Pairs

S4 20 London

SP

S# P# QTY

S1 P1 300

S1 P2 200

S1 P3 400

S1 P4 200

S1 P5 100

S1 P6 100

S2 P1 300

S3 P2 200

S4 P2 200

S4 P4 300

S4 P5 400

6.3< 3 Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7 Third Normal Form

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

non-transitively dependent on the primary key.

Relation� 2NF�L?� nonkey attribute� primary key� nontransitively dependent 8 Third

normal form�°. SECOND�t status� S#� functional dependent 8t city�ê functionally

dependent °. 0�t �,ù 3NF� A�� q�&°. 0�t �,ú Ûý© 8÷¿ 3NF A�õ

�T£ ½ �°. 0�t table3ú 3NF 8 SC® CS� ý°.

SC

S# CITY

S1 London

S2 Pairs

S3 Pairs

S4 London

CS

CITY STATUS

London 20

Paris 10

6.4< Boyce-codd Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8 BCNF

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

3NF«�� Codd� CK¢ ,
Ú, 3NF� Ù:<¢ ��ú ��L �°.

��& 
 �8, relation� °üY �ú :� :¾ � M°.



{ Multiple candidate keyõ �� EÍ

{ �¢ candidate key�� Ä¦��ú �� EÍ

{ candidate key�� overrapped£ EÍ

�¢EÍ�Âÿ �æ©Ù�� 3NFA�� Boyce® Codd��©XÌ�¢�y¿Â�ý°.�

^¿ÏA��Ù�� 3NFÃ°�¢A�Íú�y t¿, 3NF�LÙò�Âê BCNF(Boyce/Codd

Normal Form)�L �ö�q P°.

�õ �8 SCT�t T� S, C� functionally dependent L, C� T� functionally dependent 

°. 0�t [C>� f¡°.

{ Insert : course� student� {°8, course� teacher� AÃõ Oú ½ {°.

{ Delete : course� ¢ <� student� �L, � studentõ {\ EÍ, course� teacher� AÃ

«� �� P��°.

{ Update : course� teacher� �� EÍ, � course� ?� tupleú üIt L�sqb¢°.

�® �ù [C>� f�� ,ù attribute teacher� candidate key� I«�ê determinet�

� :[
Ú, �,ù BCNF� A�� q�&°. 0�t �,ú Ûý© 8÷¿ BCNF A�õ

�T£ ½ �°. 0�t SCTõ BCNF 8 ST, TC¿ Ûýý°.

SCT

STUDENT COURSE TEACHER

Smith Math Prof. White

Smith Physics Prof. Green

Jones Math Prof. White

Jones Physics Prof. Brown

ST

STUDENT TEACHER

Smith Prof. White

Smith Prof. Green

Jones Prof. White

Jones Prof. Brown

TC

TEACHER COURSE

Prof. White Math

Prof. Green Physics

Prof. Brown Math

6.5< 4 Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 Fourth Normal Form

Relation�t Multivalued dependense A!B� U&£ :, relation�?� ��ù A� ¥½:

[��8 4NF�°. �:� ��ê�� �Ú, � reltion�îÆ£ [��ù K!XÍ×�°.

BPõ Ã8 �ê�\� Å
� ü� |Ä�ú �¦L �üù �Í <� °. ?� ��� @¦


 (Name, Author, Publisher)õ C½ L� ¥½: [��� {÷t¿ BP� BCNF�°.

BCNF�ê [C� �s �f¢°. �õ �q Name� Parallel�L Author� DAVIS�t



DAVIT÷¿ �þPú: Publisher� Â© ��  #B ^¿Ï tuple � �� f�üb ¢

°. �� Author, Publisher� t¿ ë�:�8t Name� Â©t� °X[��(mulivalues

dependency) � �� :[�°. Íx MVD(mulivalues dependency)� A�õ Ã8

10 Multivalued Dependense

Relation R� �� A, B® C¿ u�üq �L A!B� �� 8, sq� (A, C)û� [Gü

� Æ´� B	�� A	�� [� 8 C	�� ë�:�qb ¢°.

� ý°. Relation BP��

1. Name ! Year

2. Name ! Author

3. Name ! Publisher

� � �� °X [��� �°.

æ� relation BP�t f�� [C� ¥½: [��� I¨ °X[��ú j¥ � :[�°.

0�t relation BPõ °X[��� {êÀ ���� relation÷¿ projectionèÅ8 � ¢ [

C� {q�°. BA(Name, Year), BB(Name, Author), BC(Name, Publisher)

�¢Ú ��t BA(Name, Year) relationù �y table B4� U& � :[� Z 8�Å� {

°.

6.6< 5 Normal Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11 Fifth Normal Form

Candidate key� j¥ü� M� [��ú C$ � æ � 4NF reltion� projectionú D¢

,� C 5A�Í�°.

2�� projection÷¿ nonloss-decomposition ü� ML � �# � �\÷¿ decomposition

ü� EÍ� U& � EÍ C 4A�Í÷¿� ©@� ü� M�°.

��t NSMú ��� relation÷¿ projectionèÈ EÍ� (�, NS® SM Z� SMY MN Z

� MNY NS) �,ú joinè� Ã8 ìC¿� data� {� tuple� f�3 ý°. � # #"

�  #� relation Y join 3 ü8 Ù�� NSMú uú ½ �°.

�©3 3� �\� relation�÷¿ projection� � ¢ �î� join dependency� &cS&÷

¿ �Ì � :[�°. ��t join dependencyõ A� � Ã�.

12 join dependency

X, Y, ... , Z � R� ��� ÙÛ�¦�°. relation R� join dependency �(X, Y, ... , Z)õ

�T 8, X, Y, ... , Z� Â¢ projection�� joinY R� �°. � �ê ��¢°.

5NF� Â© Ö3 z< 8 Çì�G� �¢ Cc S&� U&¢°.



� C++ þ� Object�� sC� �°.

� Object�� �]� ;SY® [´üq �°.

� C++ þ� ;SY [´ t:��L �A 8 C++ þù Object� [¢ ;SY [´ t:

�°.

�¢ CcS&� � ¢ real world�t

(C++, Object, Math)

(C++, Class, CS)

�� data� U& 8 (Parallel, Object, CS) �� AÃ� insertþ : (C++, Object,CS) �

� tuple� ¥Í 8� üq Kb ¢°� ,�°.

�¢ [C>� relation NSMú ��� relation÷¿ projectionèÅ8 ��ß¥3 ©@ý°.

C 7 < Implementation of Normalization

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

7.1< 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 eÆcient 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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Program Plan

� 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 de�ne internal class memeber function, coding directly.



� Fifth Week

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

� Sixth Week

To test program by using many testing data, to modi�y and debug.

� Last Week

DEMO day and end.

7.3< Division of working . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

� Attribute and Attribute set class implementation : Taeho Oh

� Functional Dependency and Functional Dependency class implementation :

Hyunho Jung

� RelationSchema Class implementation : Joon-Myung Kang

� 2NF Function : Taeho Oh

� 3NF Function : Hyunho Jung

� BCNF Function : Joon-Myung Kang
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