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:L 1 �,¿ Introduction

Normalization ÏÚç Relational database design9L�) ÐÖòcg!~Ñ �-¸!|ÔÏÚê !~Ñ�". �$¿�%»�,¸

�'» database design¥ ÊÔä �,¸ÏÚç �"5@�� �"Í�".

� ËÖê�$¿cg!~Ñ redundancy �" �,ÆÁÆç information ÏÚê �)�"É!~Ñ�".

� information ÏÚê �}Ù 2L retrieve !|Ô {� �$È�".

�$ÉÚê �%»ÐÔä!"ÁÆç Relational schemes¥ �$Å!|ÙÏÚê �%»ÇÚê�) 3@ÁÆç �.Ç�$ ¼Âò¼Æä�,¸�'» ÊÔä�,¸

�'» �.Ç�$�".

´$¥ df�.»ÏÚê �%»ÐÔä�$�$�$ ´$!~Ñ !~Ñ �"�$ �"É�,ÅÏÚç �,¸�"É!~Ñ normal formchim m�Ñ

schemeÇÚêÏÚê design !"ÁÆç �.Ç�$�". Relational scheme ÇÚê�$ normal form¥ !"�"�'»

�$ �"�'» �$ �"¿�$ ´$?@�) �,É_f�" �$¿cg!"2L �$ÁÆçHL U[ �,É_fÁÆç ���$�" modeling !"

UW �$ÈÁÆç real-world9L 4@!~Ñ �.Ç chim, data dependency �" ËÖê�$ÁÆç constraint¥ ^f

�$Ä�$�". �$ report9L�)ÁÆç �$).» dependency¥ ÐÔò���� �"¸ normal form¥ ÐÔò��,

U[�$UW �"¸ normal form 9L�) �)03» constraint�" �$È ÁÆç�$ �,¿�-É!|Ô �.Ç�$�". �� �.»

Normalization 9L 4@!~Ñ 2M �#¸�,¸�$UW �%»�%»!~Ñ �,É¥ÉÚê 3@&* _f�".

1

Normalization

Normalization�$�%» ËÔä �"Å!~Ñ Relational schemaÉÚê �,¸�,¿!"UW %) �"¸ÏÚç Relational

schemaim �"uv�)�),Relational schemaÉÚê :@sv�,É!"ÁÆç �.Ç�$�".

�$ �,É¥ÁÆç Normalization¥ �,É{|Ð!~Ñ de�nition �$�"UW !"�$9LÁÆç ��ÐÔä!~Ñ �.Ç�$ �"½

�". Normalization ÏÚç �$¿�%»�,¸ chim �$�$ �,É¥�$�) �$È ÁÆç normal form¥ df�.» ÏÚê

�%»ÐÔä�$�$\fÉÔä entity speci�cation¥ setÏÚê �%»\hÁÆç �.Ç�$�". entity speci�cation �$

�%» entity¥ attribute 9L �$ÉÚïÏÚê ËÖö�$ÁÆç �.ÇÏÚê �"¿!"ÁÆçHL !"�"¥ attributeÏÚç �*&)

2@¥ entity speci�cation 9L lm!|Øm}Ô {� �$ÈÁÆçHL, �$ �.ÇÏÚç �"¸�"¸¥ �"ÉÚç entityÇÚê9L

�$ÈÁÆç redundant value ÇÚê �"�$9L inconsistency �" �$¿�)�"2L !~Ñ�". �$).» �.Ç ÇÚê

ÏÚç Update anomaly 9L�) �.»¼Æð m}Ô �.Ç�$�". �$¼Æï�"�$ �,É¥ �$�) �$ÈÁÆç normal

formÏÚç 1NF(�rst normal form), 2NF, 3NF, BCNF(Boyce-Codd Normal Form),

4NF,5NF �$ �$Èch�* �"ÏÚï section��') �$9L 4@!"�* �,¿�-É!"2L m}Ô �.Ç�$�".

:L 2 �,¿ Normalization¥ �$¿cg�,É

1 Database Design 9L�) Normalization¥ �'Ç�,Ä

Normalization chim CKÉ�,Ém�Ñ Relational schema 9L�)ÁÆç data redundancy �� Up-

date anomalies �" �"Ä af�$�)�) data integrityÉÚê !#Ü�"É�$�$¿{� �$È �". �"ÏÚï x� section 9L

�,¿�/�) data redundancy �� Update anomalies �" æ ÊØ:L�" �$ÁÆç�$ �"¿�"_fUW,

ef2@�'» table 9L�)ÁÆç ÊØ:L�" �) 01Ï2L ?@�-¿�$ÁÆç�$ 9MÉÚê ÒÔò?@�) �"¿�"_f�$im !"=ZÈ

�".



2 Data redundancy

schema design¥ ÊÔälnÐÖò9L !"�"ÁÆç base relations(�les) �$ �"�$!"ÁÆç storage space ÉÚê

�$af��!"ÁÆç �.Ç�$�". !~Ñ �"�$ �"É�,Å ÏÚç attributesÏÚê relation schema ÇÚêim grouping !|Ø

chim�, �$).» ÊÔälnÉÚê �"¿�,É!|Ô {� �$È�". ���.» UWÏÕò�"�� ËØ�#ÉÚê �"�"3@ÁÆçEMP DEPT

Relational schema �� �$�.ÇÏÚê ÇÖêim ef2@ ÁÔøÏÚç EMPLOYEE, DEPARTMENT �"¸

�"¸¥ table ÇÚêÏÚê �$UX?@_f�". EMP DEPT9L�)ÁÆç (DNUMBER, DNAME, DM-

GRSSN)(department number, �$ÉÚïÇÚò...)9L j~Ñ!~Ñ attribute valueÇÚê�$ U[ department9L

�) �$¿ !"ÁÆç ^fÇÚç employee9L �%» ËÔä�$ÁÆç �.ÇÏÚê ËÔê {� �$È�". �%»4@im DEPARTMENT

table9L�)ÁÆç �"¸ department 9L 4@?@�) !~Ñ �.»�%» �"�"�%» �". �%»�$ DNUMBER �%»

EMPLOYEE table¥ �"¸ tuple ÇÚê9L �"�"�"UW �$È �".

3 Update anomalies

EMP DEPT�" EMP PROJ�� �"ÍÏÚç relationÇÚêÏÚê base relation chim �"ÏÕò!"�/» �"¿

CKÉ!"ÁÆç ]f �"ÉÚç ÊØ:L ÐÖò9L !"�"ÁÆç Update anomalies �$�". Update anomalies ÁÆç

insertion anomalies, deletion anomalies, modi�cation anomalies im svËØ!|Ô {�

�$È�". �"¸�"¸ 9L 4@?@�) �"IMim �"¿ �"_f�".

1. Insertion Anomalies

�.»�), EMP DEPT9L 8@imÏØ employee tupleÏÚê insert!"ÁÆç �.ÇÏÚê CKÉ�"¸?@

_f�". �"¸ tupleÏÚç employee�" �$¿!"ÁÆç department9L 4@!~Ñ attributeÇÚêÏÚê

lm!|Ø!"�)�", �%»�#¸ employee�" ÍÔä!~Ñ department�" �,Æ �"�/» null �"ÆÏÚê lm!|Ø?@

�# !~Ñ�". 8@imÏØ employee�" �$¿!"ÁÆç department¥ DNUMBER�" 5�" �/»

EMP DEPT9L �$È ÁÆç tuplesÇÚêÐÖò DNUMBER�" 5 �'» tupleÇÚê¥ DNAME,

DMGRSSN �� �$¿�$!"ÁÆç attribute value ÇÚêÏÚê insert?@�# !~Ñ�". insertÉÚê !|Ô

CG�"�" �$ ).» �.Ç ÏÚê {|Ð�'» !"ÁÆç �.ÇÏÚç ­$ÏØ �$¿�$ �"�$¿ �.Ç�$�". !"�$�%» �g2¥

EMPLOYEE, DEPARTMENT table ÏÚê �"im �%»ÇÚê �-É�� EMPLOYEE9L

5�%» insert ?@|� �/» �$^him �"Î9L�)�� �"ÍÏÚç �,¸�,ÉÏÚç �%»?@\f m�Ñ�".

�"ÏÚïÏÚç employee�" �,ÆÁÆç departmentÉÚê EMP DEPT9L �"Å�$Å!"ÁÆç �-É��ÉÚê

CKÉ�"¸ ?@ _f�". !~Ñ �"�$ �"É�,Å ÏÚç employee9L null value ÉÚê 9ÏÁÆç �.Ç�$�". !"

�$�%» SSN�$ EMP DEPT¥ primary key�$^him ÊØ:L�" �"¿CKÉ!~Ñ�". �)ÏÚï

employee�" �$ department9L !~Ñ �-É ÇÚê�) cf�/» %) �$�"É null valueÁÆç �$¿

cg �,Æ2L m�Ñ�". EMPLOYEE, DEPARTMENTÉÚê �"im �%»ÇÚê �-É��ÁÆç �$).»

ÊØ:L�" �"¿CKÉ!"�$ �"½ÁÆç�". employee �" �,ÆÁÆç department�" CKÉ�$%)�"\f

department table 9L �)�"É �$^him null value ÁÆç �$¿cg�,ÆUW employee�" U[

department 9L 7@�"É�$%)�"\f employee table 9L insertm�Ñ�".

2. Deletion Anomalies

relation table EMP DEPT9L�) �"�$�"¸ employee ÉÚê �" :̧L!"2L �$�/» depart-

ment 19L 4@?@ UW�� !~Ñ �,É _f�$�$9L department 1 9L 4@!~Ñ �,É_f�" ÍÔç�$¿�$2L



m�Ñ�". !"�$ �%» �"¸�"¸¥ EMPLOYEE, DEPARTMENT table9L�)ÁÆç �$).» ÊØ

:L�" �"¿CKÉ!"�$ �"½ ÁÆç�".

3. Modi�cation Anomalies

EMP DEPT9L�) department 5¥ managerÉÚê �"ÀØ�"�/», U[ department9L

�) �$¿!"UW �$ÈÁÆç ^fÇÚç employee¥ tuple ÇÚêÏÚê Update ?@�# !~Ñ�". U[),Ï�$

�"½ch�/» integrity�" BG �'»�". �"�"�), �"¸�,Å�#É�$ ��Ô�'» ÁÆê�)�"2L �$ÁÆç �.Ç�$�"

. �g2¥ EMPLOYEE, DEPARTMENT table 9L�)ÁÆç DEPARTMENT¥

DNUMBER 5�'» tuple !"�"�%» �"tv�/» m�Ñ�".

4 ÐÔøÏÚç Relational schema design

Normalization¥ ÐÖòcg �,ÉÏÚê ���"¸�$�$�$ ´$?@�) �"Ä�$ ÐÔøÏÚç Relational schema

design�$ �) 03» �.Ç�'» �$ �.»¼Æð?@ _f�$im !"=ZÈ�". Relational schema¥ \goodness" ÉÚê

x� Level9L�) ËÔê {� �$È�". �7Ú�.» FGÁÆç logical level �$UW x��.»FGÁÆç manipulation(or

storage) level�$�". logical levelÏÚç user�" Relational schema ÉÚê interpret!"ÁÆç

�"É�,Å�� Relational table 9L �$È ÁÆç data tuplesÇÚê¥ ¥�$9L j~Ñ!~Ñ �.Ç�$�". logical

level9L�) ÐÔøÏÚç Relational schemaÁÆç relationÇÚê¥ data tuples¥ ¥�$ÉÚê �"ÏÕò�"

�" �}Ù2L �$?@ !|Ô {� �$È \fÉÔä ?@ ÐØ�".

manipulation levelÏÚç base relation 9L�) tuples�$ �)01Ï2L �)�"É�$UW, Update �$

ÁÆç�$9L j~Ñ!~Ñ�.Ç �$�". logical level 9L�)ÁÆç base relation�� view(virtual relaiton),

ÇÖê �"9L j~Ñ�$Ä �$ �$ÈÁÆç �%»�/», storage levelÏÚç �%»�$ ÊÖê�$�,¸chim �)�"Ém�Ñ �le �'» base

relation9L�%» j~Ñ�$Ä �$ �$È�". Normalization ÏÚç base relation 9L j~Ñ!~Ñ �.Ç�$�".

1. Semantics of the Relation Attributes

���.» Relational schema ÁÆç meaning ÏÚê �}Ù2L �,¿�-É!|Ô {� �$È�)�# !~Ñ �".

The easier it is to explain the semantics of the relaiton, the better the

relation schema design.

EMPLOYEE Relational schema¥ meaning ÏÚç 6@�� �%»ÍØ!"�". �"¸ tupleÏÚç

employeeÉÚê �"�" >M»�". DNUMBERÁÆç EMPLOYEE �� DEPARTMENT�"

�$¥ relationship ÏÚê �"�"3@ÁÆç foreign key�$�". DEPARTMENT tupleÏÚç

department entityÉÚê �"�"3@UW, PROJECT tupleÏÚç project entityÉÚê �"�"

>M»�". DEPARTMENT¥ attribute DMGRSSNÏÚç department�� U[ department¥

manager �'» employeeÉÚê �/»�-¿�$�'»�". PROJECT¥ DNUMÏÚç project �� U[

projectÉÚê �"ÍUW �$ÈÁÆç departmentÉÚê �/»�-¿�$�'» �". DEPT LOCATIONS��

WORKS ON relation schema¥ semanticÏÚç �"Î9L�) �.»¼Æð!~Ñ �.Ç _f�"ÁÆç �#¸

�%» ËÔä�"Å!"�".



2. Reducing the redundant values in tuples

�$�.Ç9L j~Ñ!~Ñ �.Ç ÏÚç �"Î 9L�) ÛßòËØ!$ �,¿�-É�$�,È�". ÐÖòcg!~Ñ �.ÇÏÚç insertion, dele-

tion, modi�cation anomalies �" relation 9L�) �$¿�)�"�$ �"½ÁÆç base relation ÏÚê

design !"�*�# !~Ñ �"ÁÆç �.Ç�$�".

3. Reducing the null values in tuples

schema design 9L�) �"½ÏÚç attritueÏÚê ^f�"�) \fat" relation ÏÚê �%»ÇÚê {�\f �$È

�". U[ ).» �-É��ÁÆç �"½ÏÚç attributeÇÚê�$ U[ relation ¥ ^fÇÚç tuples9L 4@?@�)

�"ÆÏÚê �%» �"�$¿ {� �$È�". �"�"�) relation¥ �"½ÏÚç �"ÆÇÚê�$ null �$ �$�)�#!~Ñ

�". �$�.ÇÏÚç storage¥ �"É �$�$UW, attribute¥ meaning ÏÚê �$?@!"ÁÆçHL ÊØ:L

ÉÚê �$¿ch�$¿ {�\f �$È�". �"ÉÚç ÊØ:LÁÆç COUNT�" SUM�� �"Í ÏÚç aggregate

operation ÏÚê �"ÏÕò !|Ô CG null9L 4@!~Ñ count ÊØ:L�$�". %)sv�" nullÏÚç �*&)

�"�$ ¥�$ÉÚê �" �$¿ {�\f �$È�".

� 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.

�"�"�) ÐÔøÏÚç Relational schema design�$ �$�$ ´$?@�)ÁÆç base relation¥ �"Æ

�$ �"ÁÆò !~Ñ null �$ �$�$ �"½ÁÆç �"É!#Üchim attribute ÇÚêÏÚê �,¸�,¿!$ base relationch

im �%»ÇÚê�)�# !~Ñ�".

4. Disallowing spurious tuples

�g5¥ EMP LOCS�� EMP PROJ1ÏÚê _f�". �$�.ÇÏÚç �g4¥ EMP PROJ 4@

�'» ÎÚê {� �$È�". �g5¥ table EMP PROJ1�� EMP LOCSÁÆç EMP PROJ¥

project operation 9L ¥?@ �,¾ �) �$¿ {� �$È�". EMP PROJ1�� EMP LOCS�$

EMP PROJ4@�'» base relation9L �$È�"UW �"�,É!"�". !"�$�%» �$�.ÇÏÚç ÐÔøÏÚç

schema design �$ �"�$�". EMP PROJ1�� EMP LOCSim ��Ñ5@ information �'»

EMP PROJÉÚê �,¾ ÏÚê {� �,Æ�$ CGÊØ�$�". EMP PROJ1�� EMP LOCSÉÚê

NATURAL-JOIN!~Ñ �"�/», EMP PROJ_f�" %) �"½ÏÚç tuples�$ CKÉ�'»�". join¥

�-¿��ÁÆç �g69L�)�� �"Í�". EMP PROJ9LÁÆç �,ÆÁÆçHLEMP PROJ1�� EMP LOCS¥

join¥ �-¿��9LÁÆç �$ÈÁÆç �"¿ÊÔñm�Ñ tuple ÏÚê spurious tuples �$�"UW !~Ñ�". spuri-

ous tuplesÏÚç �g6 9L�) * im ln�$�$�) �$ÈÁÆç tuple�$�". �$).» �"¿ÊÔñm�Ñ �-¿���"

�"�"�"ÁÆç �$��ÁÆç EMP PROJÉÚê �"ÉÚê CG EMP PROJ1�� EMP LOCSÉÚê

�/»�-¿ �$�* |�ÁÆç attribute chim PLOCATIONÏÚê �.»HK¸JKÛ�$ CGÊØ�$�". PLOCATIONÁÆç

EMP PROJ1�" EMP LOC9L�) primary key\f foreign key\f �"�$�". �"

�"�) ÐÔøÏÚç Relational schema design ÏÚê ´$?@�)ÁÆç primary key�" foreign

keyÉÚê �.»HK¸ ?@�) JOINÏÚê !|Ô {� �$È\fÉÔä relation schema ÉÚê design!~Ñ�".

�$¼Æï�"�$ ���$ÁÆç table ÏÚê ef2@�) �*&)�"�$ ÊØ:L�,ÄÇÚê�$ ?@�-¿m}Ô {� �$ÈÏÚïÏÚê �"¿ (*

_f�"È�". !"�$ �%» normal form ÇÚêÏÚê �,¸ÏÕò�$�'» df�$¸�,¸�'» �"É�,Å�$ �"�$�,È�". �$:L

��') ���$ÁÆç ÐÔï %) df �$¸�,¸�$UW, �"¿ �,É¥�$�) �$ÈÁÆç rule ÇÚêÏÚê af2@ !|Ô �.Ç�$�".



:L 3 �,¿ Entity Attributes �"�$¥ j~Ñ 2M

x� attributes �"�$9L 8L�"�$ �"ÁÆò !~Ñ �/»j~Ñ�$ �$È ÏÚê {� �$È�". 1:1, 1:N , M:N �/»j~Ñ

�$ U[�.Ç�$�". ÐÚä, !~Ñ attribute �" !"�" ]fÁÆç U[ �$�"É¥ �"ÉÚç attributes ¥ �"ÆÏÚê

�.»HK !̧"�)�" �-¿�,É!|Ô {� �$ÈÁÆç �.Ç�$�". Attribute A �" attribute BÉÚê �-¿�,É!~Ñ�"UW

�"�,É?@_f�". �$�.ÇÏÚç !~Ñ entity¥ x� instance �" A 9L 4@?@ �"ÍÏÚç �"ÆÏÚê �"�$¿CG

�%»\h�$ B9L 4@?@�)\f �"Í ÏÚç �"ÆÏÚê �"�*�# !~Ñ�"ÁÆç �.ÇÏÚê ¥�$!~Ñ�". attribute A

�" attribute B¥ �"ÆÏÚê �-¿�,É!|Ô CG U[ �"�$¥ 1:1 association 9L j~Ñ?@ 9A�$ !|Ô

{� �$È�".record¥ primary keyÁÆç �"�)�$ attributes¥ determinant�$�". �"�"

�) 1:1 association ÏÚç single-valued dependency¥ example �$UW 1:N �� M:N

association ÏÚç multivalued dependencies¥ example �$�". �%»�#¸ attribute A ��

B �"�$9L 1:N multivalued dependency �" �$È�" �/» A ¥ �"Æ�$ �"½ ÏÚç B¥ �"ÆÏÚê

�-¿�,É!|Ô {� �$È�". M:N association�$ �$È�"�/» attribute A ¥ �"Æ �$ ��!~Ñ2@¥ B

�"ÆÏÚê �-¿�,É!|Ô {� �$È UW attribute B ¥ �"Æ�$ ]f�"ÉÚç ��!~Ñ 2@¥ A �"ÆÏÚê �-¿�,É!|Ô {�

�$ÈÁÆç �.Ç�$�".

1 Single{Valued Dependencies

entity speci�cation 9L�) !~Ñ attribute�" �"�)�$ �"ÉÚç ^fÇÚç attributeÇÚêÏÚê �-¿�,É!|Ô

CG, determinantÁÆç entity 9L 4@ !~Ñ candidate key�$�". primary keyÁÆç candidate

keyÐÖò9L�) �.»HK¸m�Ñ�". entityÁÆç �"½ÏÚç candidate keyÏÚê �" �$¿{� �$È�$�%», �,É¥9L

¥?@ �%»�$ !"�"¥ primary key ÉÚê �"�'»�". �*�$�) ���$ÁÆç nonkey attributes�"

candidate keyÉÚê lm!|Ø!~Ñ�"UW �" �,É!~Ñ�". æ�#!"�/» primary key�" �$�$ �.»HK¸�$

�,È�$ CGÊØ�$�".

!~Ñ entity¥ attributes ÇÚê �"�$9LÁÆç S ÐÔò��¥ single{valued dependencies �" �$È

�".

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

�7Ú�.»FGÁÆç �" �"Ä�$¸!~Ñ single-valued dependency im�) primary key�" nonkeyÉÚê �-¿

�,É!"ÁÆç �.Çchim determinant �" primary key attribute�$�$ CGÊØ�$�".�"�"�) �$

dependencyÁÆç �le �� DBMS environment9L�) �"¿ &*�*�$ÈUW �.»�.»m}Ô {� �$È�". �"

�)�$ 8L ÐÔò��¥ dependenciesÁÆç semantics�" application programs 9L ¥?@ ���$

�$ÁÆç association ÏÚê �"�"3@UW �$È �".

�"ÏÚï¥ entity speci�cation ÏÚê CKÉ�"¸?@ _f�".



professor Table

composite key is (pid, o�ce)

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 o�ce

OFFICE DEPT

414 CS

413 CS

404 CS

304 EE

402 EE

DependenciesisÁÆç �"ÏÚï�� �"Í �$ m�Ñ�".

� PID ! PNAME, OFFICE, DEPT

� OFFICE ! DEPT

�$9L �"ÉÚç Dependency graph ÁÆç �"ÏÚï�� �"Í�$ m�Ñ�".

x� speci�cation ÏÚç !|ÐUX9L�) faculty9L 4@!~Ñ dataÏÚê �"�$ÁÆç entitiesÏÚê �,É¥

!"UW �$È�". professorÏÚç ���$¿!~Ñ identi�cation number(PID)ÉÚê �"�$UW U[ÇÚê¥

o�ceÁÆç �"ÍÏÚç department¥ ÇÔòin�� ¼¾ò��!~Ñ�". ´$ U[�$ÄÏÚç |��)�'» functional

dependency9L 4@?@ �" �"É ÐÔøÏÚç speci�cation ÏÚç �"�$�". �"�$¿, entity speci�cation 9L

�) S�"�$¥ single-valued dependencies ÉÚê ÐÚò�-É!"ÁÆçHL ÊØ:L�" �$È�". �$¼Æï��')

�$&)!~Ñ ÊØ:LÇÚêÏÚê CKÉ�"¸ ?@ _f�".

_f�$9L�) PIDÁÆç PROF entity 9L 4@!~Ñ candidate key�$UWOFFICE ÁÆçMEMBER

entity¥ ���$¿!~Ñ primary key�$�". �*�$�) PID �� OFFICE �" PROF9L 4@ !~Ñ

composite key�$UW OFFICEÁÆç MEMBER¥ key�"UW �"�,É!"�". �%»�#¸ PID�"

PROF¥ candidate key �$ �/» PID �� OFFICE ÁÆç PROF¥ unique !~Ñ record

instanceim �.»HK¸m�Ñ �". DependenciesÁÆç entities �"�$¥ associationÏÚê �$ioÁÆç �"¿

�$�". �"¸�"¸¥A �"Æ9L 4@?@ U[�� �/»j~Ñm�Ñ B¥ �"Æ�$ cf�$¸ !"�" �$ÈÏÚê CG attribute(or

set of attributes) B �" attribute(or set of attributes) A9L functionally dependent

!"�"UW !~Ñ�". �"�"�), !~Ñ entity¥ x� instances�" �"ÍÏÚç A ¥ �"ÆÏÚê �"�$�/» B¥



 PID

PNAME

OFFICE

   DEPT

U[�$Ä 1: Dependency Diagram

�"Æ\f �"Í�"�# !~Ñ�". �$�"É�,¸ chimÁÆç ^fÇÚç nonkey attribute�" entity¥ key 9L func-

tionally dependent !"�". �"Î¥ ln9L�)\f ËÔê {� �$ÈÇÚñ�$ �$¿�%»�,¸�'» single-valued

dependencies¥S ÐÔò��ÁÆç functional dependencies, partial dependencies, tran-

sitive dependencies, and Boyce-Codd dependencies �$�".

� Functional dependencies

2 F.D

entity speci�cation¥ attribute �" attributes A¥ �.»;Q set 9L ¥?@ �-¿�,É�$

UWA¥ �)+, !~Ñ �'»��ËØ �$Å!|ÙchimÁÆç �-¿�,É�$�$ �"½ÏÚê CG �$&)!~Ñ dependency ÉÚê

functional �$�"UW !~Ñ�".

�"ÏÚï U[ �$Ä¥ entity speci�cation E1ÏÚê CKÉ�" ?̧@_f�". E1ÏÚç (A1, A2, A3)¥

attributes setÏÚê composite primary keyim �"�$UW �$È�". �$CG attribute

BÁÆç �"Æ�$ �.»HK¸ �$�$ ´$?@ A1, A2, A3 ¥ �"Æ�$ �$¿cg!"^him primary key 9L

functionally dependent !"�".

� Partial dependencies

entity speci�cation¥ nonkey attribute B �" composite primary key at-

tribute A¥ subset 9L dependent!|ÔCG �$&)!~Ñ dependency ÉÚê partial�$�"UW

!~Ñ�". �"5@9L�) C¥ �"Æ ÏÚê �.»HK¸!"�$ ´$?@ A1 �� A3 �"Æ�%»�$ �$¿cg!"^him

attribute C ÁÆç primary key(A1, A2, A3)9L partially dependent!"�". ÐÚä

, attribute CÁÆç composite key (A1, A2, A3)¥ ��ËØ ]fÁÆç ^fx�9L ¥?@

�-¿�,É �$�)�$2L m�Ñ�".



� Transitive dependencies

nonkey attributes ÇÚê �"�$9L functional dependencies �" ÐÔç:@!|Ô CG tran-

sitive dependency �" ÐÔç:@ !~Ñ�". 9MÉÚê ÇÚê�) E3 �� E4¥ speci�cation ÏÚê

CKÉ�"¸ ?@_f�". E4¥ �-É�� primary key H ÁÆç attribute I ÉÚê �-¿�,É!~Ñ�". E3¥

�-É�� primary key F ÁÆç attributes G, H, I ÉÚê �-¿�,É!~Ñ�". �*�$�) F ÁÆç E4 9L

�.»�.»m�Ñ functional dependencyÉÚê ÒÔò?@ I ÉÚê �.»HK¸!|Ô {� �$Èch^him E39LÁÆç

transitive dependency �" ÐÔç:@!~Ñ�". �"�"�) F im��') H im, H 9L�) I im¥

�$¸�,Å ]fÁÆç �%»�,Å�,¸ �"É�,Å ÏÚê ÒÔò?@ F¥ �"Æ9L ¼Æç�)!~Ñ I¥ instance 9L �,Å¼Æç !|Ô

{� �$È�".

� Boyce-Codd dependencies

nonkey attribute�" composite primary key attribute set¥ ��ËØÏÚê �-¿�,É�$

ÏÚê CG U[ entity speci�cation9LÁÆç Boyce-Codd dependency �" ÐÔç:@!~Ñ�".U[

9Mim�) E5ÉÚê ÇÚê {� �$È�". M �$ composite primary key¥ ��ËØ�$UW P �"

nonkey �$^him P ��M �"�$9L Boyce-Codd dependency �" ÐÔç:@!~Ñ�". �%»�#¸

P�" nonkey�" �"�'» candidate key�"�/» Boyce-Codd dependency �" ÐÔç:@

!"�$ �"½ÁÆç �.Ç�$ m�Ñ�".

2 Multivalued Dependencies

attribute�" �"ÉÚç attribute 9L 4@?@ !"�" �$ �"É¥ �"ÆÏÚê �-¿�,É!|Ô CG multivalued

dependency�" ÐÔç:@ !~Ñ�". �$ �-É��, determinant �� set of determined attributes �"

�$9L one-to-one association �$ �,É�$Å!"�$ �"½ÁÆç�". �$).»multivalued dependency ÁÆç

U[5@lo�"É double headed arrow im ln�$!~Ñ�". multivalued dependencies¥ 9Mim

�) �"ÏÚï¥ entity speci�cation TEXTS ÉÚê CKÉ�"¸?@_f�".

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

DependenciesÁÆç �"ÏÚï�� �"Í�".



Course

   BID  

Section

U[�$Ä 2: Dependency Diagram

� BID ! COURSE

� COURSE ! BID

� COURSE ! SECTION

�$9L �"ÉÚç Dependency graph ÁÆç �"ÏÚï�� �"Í�".

�$ speci�cation ÏÚç x� 2@¥ ÇÔä�$Åm�Ñ multivalued dependencies ÉÚê lm!|Ø!"UW

�$È�". courses �� textbooks 9L j~Ñ!~Ñ �,É_fÁÆç book identi�cation number(BID),

course number(COURSE), course section number(SECTION)9L �"�" �)�"Ém�Ñ

�". FKÐÏÚç �*&) course9L�) �"ÏÕòm}Ô {� �$ÈUW, courseÁÆç �*&) FKÐÏÚê �"ÏÕò!|Ô {� �$È

ch^him COURSE �� BID �"�$¥ dependency ÁÆç M:N �$ m�Ñ�". ]f, course ÁÆç

�"{�¥ section ÏÚê �"�$^him COURSE �� SECTION �"�$¥ dependency ÁÆç 1:N

�$ m�Ñ�". �$ CG , �"Í ÏÚç course¥ ^fÇÚç sectionÏÚç �"ÍÏÚç textbookÉÚê ÎÚç�"UW �"

�,É!~Ñ�". �$&) !~Ñ semantics �� multivalued dependencies CGÊØ9L TEXTS¥ ^fÇÚç

instance ÉÚê ln !8Ñ!"ÁÆç HL9LÁÆç �"½ÏÚç ËÖê�$¿cg!~Ñ data item�$ �$¿cg!"�". TEXTS9L

ÁÆç ^fx� 11 instances �" �$ÈÁÆçHL attributesÉÚê ´$?@ �"¸�"¸¥ data values �" ÛÝò

332@�" �$¿cg!"�". �$ 33 2@¥ data�"ÏØHL �%»�$ 15 2@ �%»�$ unique !"�". �"�)�$

ÁÆç ^fx� data redundancy ÉÚê �"�"3@UW �$È �". �$&)!~Ñ redundant values ÁÆç �)im

ÇÔä�$Åm�Ñ multivalued dependencies¥ cross product 9L ¥?@ �"¿CKÉ!~Ñ �-¿���$�". x�

2@¥ multivalued dependencies (COURSE {>> BID, BID {>> COURSE),

(COURSE {>>SECTION)ÏÚç �)im ÇÔä �$Å�,¸�'»HL �$��ÁÆç SECTION �� BID �"�$

9L �$¸�,Å�,¸�'» dependency �" �,Æ �$ CGÊØ�$�".



3 Lossless Decompositions

dependency9L �"�" table ÏÚê !"�" ]fÁÆç U[ �$�"É¥ �"¸ÏÚç tableim decompose !"ÁÆç

�.Ç�$ Normalization �'»HL, �$),Ï 2L decompose !"ÁÆç �.Ç�%»�$ ÐÖòcg!~Ñ �.Ç�$ �"�$�",

decomposed partÇÚêÏÚê �"�$ joinJKÛ ÏÚê CG �)ÏÚï¥ table ÏÚê �,¾ÏÚê {� �$È�)�# :L4@im

m�Ñ Normalization ���,É�'» �.Ç �$�".

3 Decomposition

|��)�'» table T 9L�), k 2@¥ tables im¥ decomposition ÏÚç fT1; T2; T3; :::; Tkg

table¥ ^f�$Ä�$�". ÐÚä, Head(T) = Head(T1) [ Head(T2) [ � � � [Head(Tk)�" m�Ñ

�".

T¥ rows ÇÚêÏÚç Tj¥ column ÇÚêim projectm�Ñ�". functional dependency¥ set FÉÚê

�"�$UW table T ÉÚê decomposition !"ÁÆç �.ÇÏÚê lossless decomposition �$�"UW ��

ÉÚç�".

:L 4 �,¿ Theory of Functional Dependencies

functional dependencies9L 4@!"�* �"½ ÏÚç theory ÇÚê�$ �"¿�.»?@ t|Û�". �*�$�)ÁÆç

BCNF �� 3NF Relational database¥ design 9L �,¸ÏÕò�$ÁÆç theory¥ �"�"É ��ÏÕò

!~Ñ algorithm 9L jm �,ÄÏÚê �"Ê ��UW�" !~Ñ�". �$¿�%»�,¸chim functional dependency �"

|��)�-È�"�/» �$ functional dependency ÁÆç �"ÉÚç functional dependency ÉÚê �"�">K¿

{�\f �$È�"ÁÆç �.ÇÏÚê ¥�$ !~Ñ�". 9MÉÚê ÇÚê�), R = ( A, B, C, G, H, I)�"ÁÆç relation

scheme�" |��) �-È�"UW �"�,É!"�". U[�$UW �*�$9L �"ÉÚç functional dependency

setÏÚç �"ÏÚï�� �"Í�".

� A ! B

� A ! C

� CG ! H

� CG ! I

� B ! H

�%»�$ |��) �'» functional dependencies �%»ÏÚê UW&*!"ÁÆç �.ÇÏÚç ÛßòËØ!"�$ �"½UW �$

functional dependencies �" �" �'» ^fÇÚç functional dependencies ÉÚê UW&*!|Ô �$¿cg�"

�$È�". ¼¾é _f�$ =ZÈ�$�%» |��)�'» functional dependencies set ÏÚç ]f �"ÉÚç functional

dependenciesÉÚê �"�'»�"ÁÆç �.ÇÏÚê �"¿{� �$È�". �$&)!~Ñ functional dependency ÉÚê

F9L ¥?@ logically implied �$ �,È�"UW !~Ñ�". ´$¥ functional dependency 9L�)

functional dependency A!H ÁÆç logically implied �$�,È�".ÐÚä functional depen-

dency¥ set�$ |��) �$¿ CG�"�" A!H¥ functional dependency \f �%»\h�$ �$È�"ÁÆç



�.Ç�$�". U[),Ä t1[A] = t2[A] �'» t1 �� t2 tuples ÉÚê �"�,É?@ _f�". A!B �"ÁÆç func-

tional dependency �" |��) �-È�$ CGÊØ9L functional dependency ¥ �,É¥9L �"�"

t1[B] = t2[B] �" �,É�$Å!~Ñ �". ]f, B!H ¥ functional dependency �" |��)�-È�$

CGÊØ9L t1[H] = t2[H] \f �-¸�$ functional dependency¥ de�nition 9L ¥?@ �,É�$Å

!~Ñ�". �"�"�) t1 �� t2 �" t1[A] = t2[A] ÏÚê �,É�$Å�$�$¿ CG�"�" t1[H] = t2[H] �$

�,É�$Å!|ØÏÚê ËÔê {� �$ÈÁÆçHL �$ �.Ç ÏÚç A!H ÉÚê ¥�$!~Ñ�".

FÉÚê functional dependency¥ set�$�"UW !"�". F¥ closure ÉÚê F+ im ln�$!"ÁÆç

HL F ¥ closure �%» F9L ¥?@ logically implied m�Ñ ^fÇÚç functional dependency¥

setÏÚê �"¿!~Ñ �". F �" |��) �-ÈÏÚê CG functional dependency¥ formal de�nition chim

��') �$¸�,Å F+ ÉÚê 2M�%»!|Ô {� �$È�". �%»�#¸ F¥ V[�$�" V[�"�/» ÊÖêÉÔç �$ �"¸�,Å�$

­$ÏØ �.ÇÏÚç �"�$¿ �.Ç�$�". F+¥ 2M�%»ÏÚç ´$9L�) A{>H �" closure 9L �$È�"ÁÆç �.Ç

ÏÚê _f�$�$ ´$?@ |��) �'» type¥ argumentÉÚê �$¿cgim !~Ñ�". �$¼Æï��') functional

dependency9L 4@!"�* ÐÔï %) �}Ù2L CKÉ�"¸!|Ô {� �$ÈÁÆç �$�,ÅÏÚê _f�$�$im !"=ZÈ�". in-

ference rules ]fÁÆç axioms 9L �$jmÉÚê ÇØ �$�,Å�$ U[�.Ç�$�". �$ rulesÏÚê �%»ËÔä�,¸chim

�, Ï̧Õò�$�$Ächim�) F ¥ F+ ÉÚê �|ÝÏÚê {� �$È�".

1. Re
exivity rule

X�" attributes¥ set�$UW Y � X �$�/» X!Y�" �,É�$Å!~Ñ�".

2. Augmentation rule

X!Y �" �,É�$Å !"UW W �" attributes¥ set�$�/» WX!WY �" �,É�$Å!~Ñ�".

3. Transitivity rule

X!Y �" �,É�$Å !"UW Y!Z �" �,É�$Å!"�/» X!Z �" �,É�$Å!~Ñ�".

�$ rules ÇÚêÏÚê �"ÏÕò JKÛÏÚê CG �"¿ÊÔñm�Ñ functional dependency �" �"¿CKÉ!"�$ �"½ �$

CGÊØ9L �'»�,É�"¾ UW �$È�". U[�$UW �$ sw�}Ð ÇÚêÏÚç t~Ñ�-¸!~ÑHL, �$��ÁÆç functional

dependency¥ set F�" |��)�$�/» F+¥ ^fÇÚç �.ÇÏÚê �|Ý2L ?@ |��$ CGÊØ�$�".

�$&) !~Ñ rule ÏÚê Armstrong's axioms�$�"UW !~Ñ�". �$ Armstrong's axioms�"

t~Ñ�.»!~Ñ �.Ç �$�" !|Ô�$�"\f F+ ÉÚê 2M�%»!"ÁÆçHL �$¸�,Å �"ÏÕò!"�$ÁÆç !}ØÇÚê�". U[

5@�) ÐÔï %) �%»af��!"�$ ´$?@ �-Ë�"�$ ���"�,¸�'» rule ÏÚê �5Ø�" JKÛ�". ÊÖêÉÔç �$

���" �,¸�'» rule ÇÚêÏÚç Armstrong's axiomsÏÚê �"ÏÕò!"�* �,É�"É�,ÉÏÚê ÐÚò�-É!|Ô {�

�$È�".

4. Union rule

X!Y �" �,É�$Å !"UW X!Z �" �,É�$Å!"�/» X!YZ �" �,É�$Å!~Ñ�".

5. Decomposition rule

X!YZ �" �,É�$Å !"�/» X!Y �" �,É�$Å!"UW X!Z �" �,É�$Å!~Ñ�".

6. Pseudotransitivity rule

X!Y �" �,É�$Å !"UW WY!Z �" �,É�$Å!"�/» XW!Z �" �,É�$Å!~Ñ�".



U[&)�/» �$ rulesÇÚêÏÚê �"Î9L�) :L�$!~Ñ _f�$9L �,¸ÏÕò�$�*_f�". �"5@9L F+¥ �-Ë

memberÉÚê �,¸ �)ËÔç�".

� A!H : A!B �� B!H �" �,É�$Å!"^him rule 3(transitivity rule)ÏÚê �,¸ÏÕò !~Ñ

�".

� CG!HI : CG!H �� CG!I �" �,É�$Å!"^him union rule(rule 4) ÉÚê �, Ï̧Õò!~Ñ�".

� AG!I : �$�.ÇÏÚê _f�$�$ ´$?@�.» �-Ë �%»2M�" �$¿cg!"�". �.»�) A!G �" �,É�$Å

!"^him augmentation rule(rule 2) ÉÚê �"ÏÕò!"�* AG!CGÉÚê �,¾ UW CG!I �"

�,É�$Å !"^him transitivity rule(rule 3)9L ¥?@ AG!I�" m�Ñ �".

�$:L set X �" superkey�'»�$ {|Ð�'»!"�$ ´$?@ X9L ¥?@ functionally �-¿�,É�$ÁÆç

attributes setÏÚê 2M�%» ?@ ���# !~Ñ�". �$ 2M�%» �- �̧$ functional dependency¥ set

F¥ closure ÉÚê 2M�%»!"ÁÆçHL ��ÏÕò!~Ñ �$¿ ���$�". U[),Ä X�" attributes set�$�"UW

�"�,É!"�". functional dependency¥ set F !"9L�) X9L ¥?@ functionally deter-

mined �$ÁÆç ^fÇÚç attributes¥ setÏÚê F!"9L�)¥ X¥ closure�"UW !"UW X+ im

�"�">M»�". F+ ÉÚê 2M�%» !"ÁÆç �"É�,ÅÏÚç inference rule ÏÚê �$ÏÕò!"ÁÆç �.Ç�$�". �"JKÜ !$

ÐÔï %) qÏ×ê�,¸�'» �,Å ¼Æç�$ �$È�". �"5@¥ algorithmÏÚçX+ ÉÚê 2M�%»!"�$ ´$!~Ñ �.Ç�$�".

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

inputÏÚç functional dependency¥ set F �� attributes set X�$UW outputÏÚç �/» {�

result9L �)�"Ém�Ñ�". �$ algorithm �$ �)01Ï2L ÇÔò�"¸ !"ÁÆç�$ _f�$�$ ´$?@ (AG)+ ÉÚê

2M�%»?@ _f=ZÈ�". �.» �) result = AG im �$�"¸!~Ñ�". �"¸ functional dependency ÉÚê

test!"�$ ´$?@ while loop ÉÚê �$¿JKÜ�$�$ÁÆçHL �7Ú loop 9L�) �"ÏÚïÏÚê �"¿{� �$È�".

� A!B CGÊØ9LBÁÆç result 9L lm!|Øm�Ñ�". A!B �" F9L �$È UWA � result(AG)�$

UW �"�"�) result := result [B �'» �.Çchim �"¿{� �$È�".

� A!C ÁÆç result �" ABCG �" �$2L !~Ñ�".

� CG!HÁÆç result �" ABCGH�" �$2L !~Ñ�".

� CG!IÁÆç result �" ABCGHI�" �$2L !~Ñ�".



while loopÉÚê x� �.»FG ÇÔê CG result 9L 8@imÏØ attribute�" %)?@�$�$ �"½UW algorithm ÏÚç

ÀÆö�"2L �$ÁÆç �.Ç�$�". �)01Ï2L �$ algorithm �$ ÏÔî�"UW !|Ô {� �$ÈÁÆç�$ �"¿�"_f�". �7Ú

�%»2Mim X!X �" re
exivity rule 9L ¥?@ !|Ü�"É �,É�$Å!~Ñ�". U[5@�) result¥ �$Ä¥¥

subset Y9L 4@?@ X!Y�"UW �"¿!|Ô {� �$È�". while loop ÉÚê �$�"¸!|Ô CG X!result �-È

�$ CGÊØ9L ZÉÚê result 9L %)!|Ô {� �$ÈÁÆç ���$¿!~Ñ �"É�,ÅÏÚç Y � result �$UW Y!Z�"

�,É�$Å!|Ô CG�$�". result!Y�" re
exivity rule9L ¥?@ �,É�$Å!"UW transitivity9L ¥

?@ X!Y �" �,É�$Å!~Ñ�".

transitivity¥ ]f �"ÉÚç �,¸ÏÕòÏÚç X!Z �$ÄÏÚê _f�*ÐØ�".(X!Y �$UW Y!Z �$ÄÏÚê �$ÏÕò

!"�*). Union ruleÏÚç X ! result [ Z ÉÚê _f�*|�UW XÁÆç while loop 9L�) CKÉ�$ÁÆç

�$Ä¥¥ 8@imÏØ result ÉÚê functionally determine !~Ñ�". �"�"�) �$ algorithm9L ¥

?@ �$ÇÔê&*�$ÁÆç �)+, !~Ñ attribute \f X+ 9L �$È 2L m�Ñ�". ]f �$ algorithm �$ X+¥

^fÇÚç �.ÇÏÚê �|ÝÁÆç�"ÁÆç �.Ç \f _f�$�$ �}Ù �". �%»�#¸ X+ 9LÁÆç �$ÈUW result9LÁÆç �,Æ ÁÆç

�)03» attribute �" �$È�"�/» Y � result �$UW F¥ �,¸�)\f !~Ñ attribute �" result9L �,Æ

ÁÆç �.Ç 9L 4@?@ Y!Z¥ functional dependency �" �%»\h�$ ÐÔç:@!~Ñ�". �"À!/ �'» �"9L

¥!"�/» F¥ size9L �"�" �$ �"¸¥ �-É�� �$ algorithmÏÚç S�.»¥ loopÉÚê ÇÔê2Lm�Ñ�".

1 Desirable Properties of Decomposition

database system ÏÚê design !"ÁÆçHL �$È�) relation ÏÚê �"¸ÏÚç �*&)2@¥ relation chim

decompose!"ÁÆç �.Ç �$ �$¿cg!"�". �$ 2@ :ÄÏÚê _f�$�$ ´$?@ Lending{scheme ÏÚê CKÉ

�" ?̧@ ËÔç�".

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

name,amount)

U[�$UW functional dependency set F ÁÆç �"ÏÚï�� �"Í�".

branch-name ! assets

branch-name ! branch-city

loan-number ! amount

loan-number ! branch-name

�$�.ÇÏÚê �" �.Ç2@¥ relationchim �"ÏÚï�� �"Í�$ decompose !~Ñ�"UW �"�,É?@ _f�".

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

´$¥ decomposition ÏÚç lossless �'»HL �$�.ÇÏÚê ÐÚò�-É!"�$ ´$?@ �.»�) �$ÉÚê �-¿�,É!"ÁÆç

criterionÏÚê :L�$?@�# !~Ñ�". RÏÚç relation scheme �$UW FÁÆç R9L�)¥ functional



dependency set�$�"UW !|Ô CG R1 �� R2 ÁÆç R¥ decomposition ÏÚê lossless{join

decompose!~Ñ�".

� R1 \R2 ! R1

� R1 \R2 ! R2

lossless{join decomposition �$ÄÏÚê _f�$�$ ´$?@ decomposition¥ �%»2MÉÚê �"5@9L

_f�$=ZÈ�".�.» �)

R1 = ( branch-name, assets )

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

branch-name! assets �$�$ CGÊØ9L augmentation9L ¥?@ branch-name! branch-

name assets�$ m�Ñ�". R1\R
`
1 = branch-name �$�$ CGÊØ9L jm�$¥ decomposition ÏÚç

lossless{join decompose !"�". �"ÏÚïchim R`
1 ÏÚê

R2 = ( branch-name, branch-city )

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

im decompose !~Ñ�". branch-name! branch-city�$^him �$ �%»2M\f lossless{join

decompose�$�". R`
2 ÉÚê

R3 = ( loan-number, amount )

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

chim decompose !"UW R`
3 ÉÚê

R4 = ( loan-number, branch-name )

R5 = ( loan-number, customer-name )

chim decompose !~Ñ�".

:L 5 �,¿ Theory of Multivalued Dependencies

DÉÚê functional and multivalued dependencies set �$�"UW !"�". U[&)�/» D¥

closure D+ ÁÆç D9L ¥?@ logically implied �$ÁÆç ^fÇÚç functional and multivalued

dependencies¥ setÏÚê �"¿!~Ñ�". functional dependencies¥ �-É���)),Ä functional

dependencies and multivalued dependencies¥ de�nition ÏÚê �$ÏÕò!"�* D im ��')

D+ ÉÚê 2M�%»!|Ô {� �$È �". �"ÏÚï¥ functional and multivalued dependencies 9L 4@

!~Ñ inference rulesÏÚç t~Ñ�-¸ !"�". �)ÏÚï 8L rules ÏÚç �"Î9L�) _f�"È(.» Armstrong's

axioms�$�".



1. Re
exivity rule

X�" attributes¥ set�$UW Y � X �$¿ CG, X!Y�" �,É�$Å!~Ñ�".

2. Augmentation rule

X!Y�" �,É�$Å !"UW W�" attributes¥ set �$�/» WX!WY�" �,É�$Å!~Ñ�".

3. Transitivity rule

X!Y�" �,É�$Å !"UW Y!Z �" �,É�$Å!"�/» X!Z�" �,É�$Å!~Ñ�".

4. Complementation rule

X!Y�$�/» X! R�Y� X �" �,É�$Å!~Ñ�".

5. Multivalued augmentation rule

X!Y�" �,É�$Å !"UW W � R �$UW V �W �$�/» WX!VY�" �,É�$Å!~Ñ�".

6. Multivalued transitivity rule

X!Y�$UW Y!Z�$�/» X! Z�Y�" �,É�$Å!~Ñ�".

7. Replication rule

X!Y�" �,É�$Å !"�/» X!Y�" �,É�$Å!~Ñ�".

8. Coalescence rule

X!Y �$UW Z � Y �$UW W � R, W \ Y = �, W !Z�" �,É�$Å!"ÁÆç W �"

ÐÔç:@!" �/» X!Z�" �,É�$Å!~Ñ �".

U[&)�/» ´$¥ ruleÇÚê9L 4@!~Ñ example ÏÚê _f�$im !"�". R = ( A, B, C, G, H,

I )¥ relation scheme �$�"UW !~Ñ�". U[�$UW A!BC �" �,É�$Å!~Ñ�"UW �"�,É!~Ñ�"

.multivalued dependencies ¥ de�nition ÏÚç t1[A] = t2[A] �$�/» �"ÏÚïÏÚê �%»ÐÔä!"ÁÆç

tuples t3 �� t4 �" ÐÔç:@ !~Ñ�"ÁÆç �.Ç ÏÚê ¥�$!~Ñ�".

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 rule ÏÚç A ! BC �$�/» A ! GHI �$ÄÏÚê

�"¿?@ÐØ�". �%»�%» !$ subscript �%» ÏÚê �"ÀØ�"�/» A!GHI ¥ �,É¥ÉÚê t3 �� t4 �" �%»ÐÔä

�$�'»�"ÁÆç �.ÇÏÚê �"¿ {� �$È�". �$ÍÚñ!~Ñ �%»�,ÉÏÚê rule 5, 69L 4@?@�)\f multivalued

dependencies¥ de�nition ÏÚê �$ÏÕò!"�* 3@�$¿ {� �$È�". Rule 7, replication rule ÏÚç

functional and multivalued dependencies ÉÚê lm!|Ø!~Ñ�". �")-É R9L�) A!BC �"

�,É�$Å!~Ñ�"UW �" �,É ?@ _f�". t1[A] = t2[A], t1[BC] = t2[BC]¥ j~Ñ 2M�" �$ÈUW t1 ��

t2 ÁÆç �"¸�"¸ �"�'»9L2L j~Ñ2M�" �$ÈÏÚê CG multivalued dependency A!BC¥ �,É¥9L



¥?@ tuples t3; t4 �" cgsv m�Ñ�". Rule 8,coalescence rule, ÏÚç �*(,Â�"�$ ruleÐÖò9L�)

_f�$�$ �"�"É !}Ø ÇÚç �.Ç�$�" �*�$�) CKÉ�# !̧"=ZÈ�".

�"ÏÚï¥ rules ÏÚê �$ÏÕò!"�* D¥ closureÉÚê �%»�%»!$ 2M�%»!|Ô {� �$È�".

� Multivalued union rule

X!Y, X!Z �" �,É�$Å !" �/» X!YZ �" �,É�$Å!~Ñ�".

� Intersection rule

X !Y, X!Z�" �,É�$Å !" �/» X! Y \ Z �" �,É�$Å!~Ñ�".

� Di�erence rule

X!Y, X!Z �" �,É�$Å !" �/» X! Y�Z , X! Z�Y�" �,É�$Å!~Ñ�".

´$¥ ruleÏÚê �"ÏÚï¥ _f�$9L �,¸ ÏÕò�$�*_f�". R = ( A, B, C, G, H, I ) �$UW �$�.Ç¥

dependencies set DÁÆç �"5@�� �"Í�".

� A!B

� B!HI

� CG!H

�"5@9LÁÆç D+¥ �-Ë�"�$ memberÉÚê _f�'» �.Ç�$�".

� A!CGHI : A!B�$�$ CGÊØ9L complementation rule(rule 4)ÁÆç A!R�B�AÉÚê

�"�" >M»�". �*�$�) R�B� A = CGHI �$^him A!CGHI�" m�Ñ�".

� A!HI : A!B , B!HI �$�$ CGÊØ9Lmultivalued transitivity rule(rule 6) ÏÚç

A! HI�BÉÚê �"�" >M»�". HI�B = HI�$�$ CGÊØ9L A!HI�" m�Ñ�".

� B!H : �$ �.ÇÏÚê _f�$�$ ´$?@ coalescence rule(rule 8)ÏÚê �, Ï̧Õò!"�*�# !~Ñ�".

B!HI�" �,É�$Å!~Ñ �". H � HI;CGrightarrowH;CG \ HI = ��$�$ CG

ÊØ9L X ÁÆç Bim YÁÆç HIim, WÁÆç CG im, ZÁÆç H im !"�* coalescence ruleÏÚê

�%»ÐÔä�$ �'»�".�"�"�) B!H¥ �-¿ÉÔçÏÚê 3@�$¿ {� �$È�".

� A!CG : �$�$ A!CGHI , A!HI�" �,É�$Å!|ØÏÚê �"¿UW �$È�". di�erence rule 9L

¥?@ A!CGHI � HI�" �$UW CGHI � HI = CG �$^him A!CG�" �,É�$Å

!~Ñ�".

:L 6 �,¿ Normal form

Normalization ÏÚê !~Ñ�"�$im cg �#¸!"�/» �"ÁÆò!~Ñ !~Ñ ÐÖòËÔä�,ÉÏÚê 7@:L!"�* !~Ñ�"�$ �"

�$¿ÏÚç !~Ñ ¼¾ñ9L�) �%» �"�"�"2L !"�* �,É _f¥ z��-¿�,ÉÏÚê _f�"É!"2L !"ÁÆç �$ÉÔç�$�" !|Ô

{� �$È�". �"�"�) Normalization¥ ¼Âò¼Æä�,¸�'» ÊÔä�,¸ÏÚç real world ÉÚê _f�" qÏ×ê�,¸

�$UW !8Ñ�$¿ 9L �" �"Å2L ln !8Ñ!"ÁÆçHL �$È�"UW !"=ZÈ�".



All  Relation
1NF

2NF

3NF

BCNF

 4NF 5NF

U[ �$Ä 3: NF Hierarchy.

Real world ÁÆç 2MÍÔä �/»!"UW �$ÈUW, �"�"�) real worldÉÚê ln!8Ñ!"ÁÆç �"É�,ÅÏÚç 2MÍÔä

�"¿�.»!|Ô {� �$Èch�", !8Ñ:@�"�$ ;Q2M�" {|Ð�$Åm�Ñ Normal form ÏÚç 6 �"�$�$�". �$ÇÚê¥

�,É�$Å\f !~Ñ�,�.» 9L �$���) �'»�.Ç �$ �"�'»�.Ç9L �|Ð�%»ÏÚê !"�/» �"Îchim Normal form¥

�"¿�.»�$ %) �'»�.» �$�$�" 9M�"É�$�$�%» �$¿:L ÏÚòÏÕò9L¥ !~Ñ2M9L ¥?@ 4,5 �,Ésw!6ÜÏÚç

�)¥ bh�*�$�$ �"½ÏÚç �"É=@�$�".

Normal form¥ �%»�%»!~Ñ ÒÚä �$É9L 4@?@ �"¿ �"_f�".

� �"ÏÚï U[�$Ä 9L�) ËÔê {� �$È ÇÚñ�$ Normalize �$�) �"ÁÆç �"¸ �%»2MÁÆç hiararchy�"

�$È�". ÐÚä �,Ésw��m�Ñ ^fÇÚç relation ÏÚç 1NF9L ÍÔä!"UW, 2NF ÁÆç 1NF 9L �"¸�"¸

lm!|Øm�Ñ �"ÁÆç �" �$¿ÏÚê �"¿ {� �$È�".

� 4@��ËØ¥ data baseÁÆç BCNF�"�$�%» �%»ÐÔä!"�/» �-¿z��$ �,Æ �$ �"ÏÕò !|Ô {�

�$È�". ÐÚä 4NF�� 5NFÁÆç real world9L �,¸ÏÕò�$ÁÆç �-É��\f �$È ÏÚê {� �$È�$ �%»

�$ÉÔç �"É¥ �"¿�.» chim �$?@!" �/» m}Ô �.Ç�$�".

�"Î9L�) �,¿�-É!~Ñ �*&)�"�$ �$ÉÔçÏÚê �"�$UW, �$¼Æï��')ÁÆç sv;Q�,¸�'» 9MÉÚê _f�/» �)

!8Ñ:@�"�$ �"¿�.»!~Ñ 6�"�$ normal form ÏÚê af2@!"=ZÈ�".

9M9L 4@?@ �%»�%» !$ �,¿�-É ÏÚê !" �/» 5NF�"�$ �"ÀÖê {� �$ÈÁÆç �.Çchim CKÉ�" ?̧@ _f�"Èch�"

�}Ù�$ �"½�"È �". U[5@�) 4NF�"�$ �"ÁÆò!~Ñ �.Çchim !"�" ÇÚê�,È UW, 4NF 9L�) 5NF im

�"ÁÆç �.ÇÏÚç �"im �-¿\f¥ 9MÉÚê ÇÚê �,È�".



1 1 Normal Form

5

:L 1�,Ésw!6Ü

Relation¥ ^fÇÚç domain �$ ��Ñ�"�"Æ�%»ÏÚê lm!|Ø!"�/» :L1�,É sw!6Ü�$�".

_fÒÔò¥ table9L�) ËÔêCG �"¸ tuple �"É attribute 9L 4@?@ !"�"¥ �"Æ�%» ÇÚê�)�"�/»

1NF�" !|Ô {� �$È�". domain value�" |��)�'» �-É��9LÁÆç U[ �,Ä´$ �%»9L ÇÚê�)�"

�# !"�*, :L�#¸�$ �,ÆÁÆç !~Ñ null �"Æ\f �"ÁÆò!"�".

\f�)j~Ñ j~Ñ �$9L �$¿cg!~Ñ table FIRSTÉÚê 9Mim _f�/»�) �,¿�-É!"�$im !"�". ÊÖêÉÔç �$¿

cg!~Ñ �,É _fÉÚê ^fx� attributeim �%»ÇÚê�$ÁÆç ÊÔñJKÛ�".

�"�,ÉÏÚê ÇÚê �/» FKÐ !~Ñ��Ñ�"É �.»p(B#)�" |��)�$�*, ¼¾òÇÔò�)�"9L ¼¾òÇÔò Ûßú�%» �"�" �"ÁÆò

!"�". ]f!~Ñ 1st, 2nd ÇÚò :@ �%»�$ �"ÁÆò!"�$�%», :@�%»�$9L :@ÊÔä�$�", �"¸ �", Ûßú�%»�"�"

�/»!|Ô {�ÁÆç �,Æ�". U[ �"¹¥ attribute imÁÆç Ûßú�%»�"�" �$ÈÁÆç Building �� city�$�".

!~Ñ ÁØ9L �,É¥ÉÚê �%»ÐÔä!"^him 1NF�" !|Ô {� �$È�". U[&)�" �"¿ _f�/», �$ relation ÏÚç

0z� �"½ÏÚç ÐÖòËÔä�,É ÏÚê �"�$UW �$È ÏÚïÏÚê �"¿ {� �$È�". ´$9L�)\f �.»¼ÆðJKÛÇÚñ�$ �"¿ �,¿2M

m�Ñ relation ÏÚç �"ÁÆò !~Ñ!~Ñ data¥ ÐÖòËÔä�,ÉÏÚê ÐÖê�*�# !~Ñ�". U[5@�#�%» operation �$9L

data integrityÉÚê _f �"É!|Ô {� �$È�".

�$:L��') �"IM4@im NFÏÚê �%»ÇÚê�) �"_f\fÉÔä !"�".

2 2 Normal Form

6

:L 2�,Ésw!6Ü

Relation�$ 1NF�$UW, �$�" �" �'» ^fÇÚç ÍÔä�,É�$ �$ËÔç�$9L t~Ñ�.» !|Ø{��,¸ ÐÔòÍÔä�$�/» :L

2�,É sw!6Ü�$�". ÐÚä,priamry �" composite key�'» �-É �� �$ primary key¥ subset �$

nonkey 9L functional dependent!"2L �$�/» :L2NF¥ �,É�$¿ÏÚê �%»ÐÔä!"�$ ÊÔñ!"2L m�Ñ

�".

�"Î¥ relation ÏÚç fully functional dependente!"�$ �"½ch^him 2NF chim projection

!|Ô {� �$È�". �"Î¥ 1NF functional diagram ÏÚê _f�/» fully functional independent!~Ñ

attributeÉÚê �}Ù2L �|Ý �">K¿ {� �$È�". 1NF9L�) primary keyÁÆç (Name, Year, Au-

thor, Publisher) �$�". U[).»HL Building �$ primary key¥ subset�'» Publisher9L

functional dependent !"^him 2NF �,É¥9L �)¼Æñ�%»�". �"�"�) �$�.ÇÏÚê ËØ�$?@ >KÄ

chim 2NF �,É¥ÉÚê �}Ù2L �%»ÐÔä!|Ô {� �$È�".

1NF�" �"�$UW �$È ÁÆç ÊØ:L �,Ä ÏÚê sv;Q�,¸ chim ÇÚê�/» Addison�$ B3 9L�) B4im �$�"ÉÚê

�"�/» Addison �� j~Ñ)/»m�Ñ ^fÇÚç tupleÏÚê �"ÄCK ?̧@�# !"ÁÆç ÊØ:L ]fÁÆç �$�.Ç�$ �$���)

�$�$ �"½�"�) ^fÍØ m�Ñ �-¿ ��ÉÚê �"Ï2L m}Ô ÊØ:L9L �$¸�/»!~Ñ�".

�$:L �rstÉÚê projection �$�*�) scecond(B#, Name, Year, Author, Publisher)��

tbl publi(Publisher, Building, City)ÉÚê �%»ÇÚê �/» �$).» ÊØ:L�,ÄÏÚç �"�"�$2L m�Ñ�".



3 3 Normal Form

7

:L 3�,Ésw!6Ü

Relation�$ 2NF�$UW �$�" �" �'» ^fÇÚç ÍÔä�,É �$ �$ËÔç �$9L nontransitively dependent!"

�/» :L 3�,Ésw!6Ü �$�".

tbl publi ÉÚê _f �/» Publisher !Building

Building !City

Publisher !Building

Building !City

�" ^fx� �,É�$Å !"�*, �$JKÜ�,¸ ÐÔòÍÔä�,É¥ ÁÔç�$�,¸ ¨$�-¿�'» Publisher !City ]f !~Ñ �,É

�$Å!~Ñ�". �$ �$ JKÜ�,¸ ÐÔòÍÔä �,ÉÏÚç =KÉ�'»�$�"ÉÏÚê jm5@!~Ñ�". ÐÚä,�"�,É�$ CKÉ�* B1 9L �$È(.»

Ûßú�%»�"ÇÚê�$ ^fx� C5 \f�$¥ B5 im ÏÔì�-ÈÏÚê �-É�� tbl publi 9L�) Building �$ B1 �'»

^fÇÚç tuple ÏÚê �,ÄCK¸ ?@�# !~Ñ�"ÁÆç ÊØ:L�,Ä�$ �$È�". ]f!~Ñ �$),Ï2L ^fx� �,ÄCK �̧$�$ �"½ch

�/» �"ÍÏÚç building !"�"�" �)im �"ÉÚç \f�$9L ÐÔç:@!|Ô {�\f �$È �"ÁÆç ^fÍØ�$ CKÉ�$2L

m�Ñ�".

tbl publi ÏÚê tbl buil(Publisher, Building), tbl city(Building, City)im projection

�$�* �$ÊØ:LÉÚê ?@�-¿!~Ñ �". Projection �9L CKÉ�'» tbl buil�� tbl cityÁÆç 3NF ÏÚê

�%»ÐÔä!~Ñ�". second \f �-¸�$ 3NF¥ �,É¥ÉÚê �%»ÐÔä!~Ñ�".

4 Boyce-codd Normal Form

8

BCNF

Relation9L�) determinat �" ^fx� candidate key�$�/» BCNF�$�".

3NF�"�$ÁÆç Codd�" :L �%»!~Ñ �.Ç�'» HL, 3NF ÁÆç ���,¸�,¿!~Ñ �,É�$¿ÏÚê �"�$UW �$È�".

�"8L!$ �"¿!"�" �/», relation �$ �"ÏÚï�� �"Í ÏÚê CGÁÆç �,¸�"É!"�$ �"½�".

� Multiple candidate keyÉÚê �"�$¿ �-É��

� �$).» candidate keyÇÚê�$ ËÔä!|Ù ÍÔä�,ÉÏÚê �"�$¿ �-É��

� candidate keyÇÚê�$ overrapped !|Ô �-É��

�$).» �-É ��9L 4@ÏÚò!"�$ ´$?@ ��Ñ5@¥ 3NF �,É¥�" Boyce �� Codd 9L ¥?@ ÐÔï%) �"É

!~Ñ¥�$im 4@;Q m�Ñ�". �$ 8@imÏØ �,É¥ÁÆç ��Ñ5@¥ 3NF _f�" �"É!~Ñ �,Ésw!6ÜÏÚê ¥�$!"

^him, 3NF�"UW ��ioÁÆç 4@ �'» BCNF(Boyce/Codd Normal Form)�"UW �$ÉÚï�$�)

�-È�".



second¥ candidate keyÁÆç (B#, Author, Publisher)�� ( Name, Year, Author,

Publisher)�$�". U[&)�" B# �� (Name, Year)ÁÆç �"Ép ÇÔä�$Å�, �̧$^him �$ÇÚêÏÚç �)

imÉÚê �-¿�,É !"ÁÆç determinant�$�".

�$).» �-É�� �%»�#¸ Parallel 1989 <» �%»¥ FKÐ�$ Book number N29L�) N4im �"©$�,ÈÏÚê

�-É́$ Name �$ Parallel �$UW Year �" 1989�'» ^fÇÚç tuple ÏÚê �,ÄCK¸?@�# !"ÁÆç ÊØ:L�"

CKÉ�'»�".

�$Ä¥¥ attribute �" alternative key¥ element�$�/» primary key9L fully func-

tional dependent!"�$ �%»�"\f m�Ñ �"ÁÆç ��Ñ 5@¥ 3NF¥ �,É¥9L �"�" relation second ÁÆç

3NF�$�$ �%» �$&)!~Ñ ÊØ:L�" �"¿CKÉ!"2L m�Ñ�".

�"�"�) secondÉÚê x�2@im �"uv�) ÐÖïchim ?@�-¿!|Ô {� �$È�".

x�2@¥ projection ÏÚç

B(B#, Name, Year) �� BP(Name, Year, Author, Publisher)

]fÁÆç B(B#, Name, Year) �� BP(B#, Author, Publisher)

�" m}Ô {� �$È �". �*�$�)ÁÆç �7Ú�.» FGÉÚê �.»HK¸!"ÁÆç �.Ç�$ %) �%Ç�". �*�$9L 4@?@�)

ÁÔç�$�,¸�'» ¼Æç�)ÉÚê :L�$ !|Ô {� �,Æ �$�%» �"�%» 4NF chim modify !|Ô CG %) �"½�$ data

ÐÖòËÔäÏÚê �$!|Ô {� �$È�$ CGÊØ�$�"

5 4 Normal Form

9

:L 4�,Ésw!6Ü

Relation9L�) �"�$ÐÔòÍÔä �,É A!B�" ÐÔç:@!|Ô CG, relation¥ ^fÇÚç ÍÔä�,É ÏÚç A9L !|Ø

{��,¸ ÐÔòÍÔä�$ �/» 4NF�$�". �$CGÁÆç U[ �- \̧f �,É�$Å!"ÁÆçHL, ÐÚä reltion¥ ���$¿!|Ô

ÐÔòÍÔä�,ÉÏÚç K!X !6Ü=@�$�".

BPÉÚê _f�/» =KÉ�'» �$�"É¥ cg�'» �$ �$ÁÆç ÐÖòËÔä�,É ÏÚê �$�$UW �$ÈÏÚïÏÚç 6@�� �-ÉBK !̧"�".

^fÇÚç ÍÔä�,É¥ �-¿!|Ù�'» (Name, Author, Publisher) ÉÚê :L�$!"UWÁÆç !|Ø{��,¸ ÐÔòÍÔä�,É

�$ �,Æch^him BPÁÆç BCNF�$�".

BCNF9L\f ÊØ:L�" �"|� �"¿CKÉ!~Ñ�". 9MÉÚê ÇÚê�) Name �$ Parallel �$UW Author �"

DAVIS 9L�) DAVITchim �"©¯ �-ÈÏÚêCG Publisher9L 4@?@ �"¸�"¸ !"�"�$¸ 8@imÏØ tu-

ple x� 2@�" CKÉ�,É�$�# !~Ñ�". �$ÁÆç Author, Publisher�" �)im ÇÔä�$Å�, �̧$�/»�)

Name9L 4@?@�)ÁÆç �"�$ÐÔòÍÔä �,É(mulivalues dependency) �$ �$È�$ CGÊØ�$�". �� �.»

MVD(mulivalues dependency)¥ �,É¥ÉÚê _f�/»

10 �"�$ÐÔòÍÔä�,É

Relation R�$ ÍÔä �,É A, B�� Cim sv �,É�$�) �$ÈUW A!B�" �,É�$Å!"�/», |��)�'» (A,

C)�"É9L j~Ñ2M�$ÁÆç �$¿)/»¥ B�"Æ ÇÚê�$ A�"Æ9L�%» ÐÔòÍÔä!"�/» C�"Æ9LÁÆç ÇÔä�$Å�, �̧$�)�#

!~Ñ�".



�$ m�Ñ�". Relation BP 9LÁÆç

1. Name ! Year

2. Name ! Author

3. Name ! Publisher

¥ 8L �"�$ �"�$ ÐÔòÍÔä �,É �$ �$È�".

´$¥ relation BP 9L�) CKÉ �$ÁÆç ÊØ:LÁÆç !|Ø{��,¸ ÐÔòÍÔä�,É�$ �"�'» �"�$ÐÔòÍÔä�,É ÏÚê lm!|Ø

!"�$ CGÊØ�$�". �"�"�) relation BP ÉÚê �"�$ÐÔòÍÔä�,É�$ �,Æ\fÉÔä 8L�"�$¥ relation ch

im projection �$�$�/» �$&) !~Ñ ÊØ:L�" �,Æ�)�'»�". BA(Name, Year), BB(Name,

Author), BC(Name, Publisher)

U[).»HL �*�$�) BA(Name, Year) relationÏÚç �$�$ table B3@9L ÐÔç:@!"�$ CGÊØ9L

]f ÎÚê�$¿cg�" �,Æ �".

6 5 Normal Form

11

:L 5�,Ésw!6Ü

Candidate key9L lm !|Ø�$�$ �"½ ÁÆç ÐÔòÍÔä�,ÉÏÚê :L�)!"�$ ´$!"�* 4NF reltion¥ projectionÏÚê

·$!~Ñ �.Ç �$ :L 5 �,Ésw!6Ü�$�".

22@¥ projection chim nonloss-decomposition �$�$ �"½ UW 8L 2@�" U[ �$�"Échim

decomposition �$ÁÆç �-É���" ÐÔç:@!"ÁÆç �-É�� :L 4�,Ésw!6ÜchimÁÆç ?@�-¿�$ �$�$ �"½

ÁÆç�".

9M9L�) NSMÏÚê x�2@¥ relation chim projection �$ �$¿ �-É��9L (ÐÚä, NS�� SM ]fÁÆç

SM��MN ]fÁÆçMN�� NS) �$�.Ç ÏÚê join �$�* _f�/» �$¿:LimÁÆç data9L �,ÆÁÆç tuple�$

CKÉ�$2L m�Ñ�". U[&)�" �"�)�$ !"�"¥ relation �� join !"2L �$�/» ��Ñ5@¥ NSMÏÚê

�,¾ÏÚê {� �$È�".

�$),Ï2L 32@ �$ �"É¥ relation �%»chim projection �$ �"ÁÆò!~Ñ �$��ÁÆç join dependency �"

:@�#¸df�.»chim �"¸ÏÕò!"�$ CGÊØ�$�". �*�$�) join dependency ÉÚê �,É¥!"�* _f�".

12 join dependency

X, Y, ... , Z ÁÆç R¥ ÍÔä �,É¥ ��ËØ�$Å!|Ù�$�". relation R�$ join dependency �(X,

Y, ... , Z)ÉÚê �%» ÐÔä!"�/», X, Y, ... , Z 9L 4@!~Ñ projection ÇÚê¥ join �� R�$ �"Í�". �$

�- \̧f �,É�$Å!~Ñ �".

5NF9L 4@?@ �}Ù2L �,¿�-É!" �/» !8Ñ�$¿ 8L2M9L �$).» :L�#¸ df�.»�$ ÐÔç:@!~Ñ�".

� C++ FKÐ 9L Object�"ÁÆç |�:L�" �$È�".

� Object�"ÁÆç 2@ :Ä�$ �.»�%»���� j~Ñ)/»�$�) �$È�".



� C++ FKÐ�$ �.»�%» �� j~Ñ)/» �)�,¸ �$�"UW �"�,É!"�/» C++ FKÐÏÚç Object 9L j~Ñ!~Ñ

�.»�%» �� j~Ñ)/» �)�,¸�$�".

�$).» :L�#¸df�.»�$ �"ÁÆò !~Ñ real world9L�)

(C++, Object, Math)

(C++, Class, CS)

�"ÁÆç data �" ÐÔç:@!"�/» (Parallel, Object, CS) �"ÁÆç �,É_f�" insertm}Ô CG (C++,

Object,CS) �"ÁÆç tuple�$ !|ØBO ���" �$�) �*�# !~Ñ�"ÁÆç �.Ç�$�".

�$).» ÊØ:L �,Ä�$ relation NSMÏÚê 8L2@¥ relation chim projection �$�$�/» �"�/»ah

),Å2L ?@ �-¿m�Ñ �".



�|ØUW �)�,¸
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