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Hl 1 & Introduction

o
-
e
&
2

Normalization2 Relational database design(lIA] S8t &st=2
Ol database design®] SA & Ol et 2L

o 2 Q5 redundancyJ} = informationS X &EHLL

o information=S &l )| retrieve &t 5 QUL
0|2 9HX0pH= Relational schemes©] Algt2 IS = 00| 22X 01 X

or A0ILH

910 A2 WIXAII|T] QI8 B JHA| WS MBS normal formOR &
scheme=2 designoli= 20|t Relational scheme= (| normal form©| gHLIE!
X1 OFA X1 2] 2lof M &I 2ok =0l 11 85 = 22lJF modelingot
1l Y= real-worldll [HSY A2, data dependencyd} £2¢2l= constraintO]
A0ICE Ol reportIM = Ol dependency©Q] 57 Q 2t normal form9] S5,
712120 2} normal form 0l O™ constraintD} QU=X| M®at 2A0IL} M
Normalization(fl [Het A=A 0141 2H=et HOI1E A 2 AL

Normalization

NormalizationQ| = S &S Relational scheme= MAEGI U [ X2 Relational
schema== LS5Ol M, Relational schemaeS M2Mol= A0|LL

0l MOJ= Normalization©] M &tst definitionQl2t 1] ol I0l= 258 240] &
[}l. Normalization 2AHIAOZ 0|0l MOIT|H Q= normal form©O] X2HE
DOk A || == entity specification Q] setZ BH= = Z10| L} entity specification()]
&t entity O] attribute(il 0152 E0l= A= Zol=0Ul otLI2] attribute2 Of 4
O] entity specification(fl et 4 A=, OIA2 22 9| [IE entity = 0fl
Q= redundant valuesS AFO|Oll inconsistency J} L OHLIA etlt. Ol NS
2 Update anomaly(iIA S1== A0ILE XIEMAI 89 I = normal
forme 1INF(first normal form), 2NF, 3NF, BCNF(Boyce-Codd Normal Form),
4NF,5NF Ol L2H LS section2EH Ol [HotO &HotAl = 210ILH

Ml 2 B Normalization9] QA

1 Database Design(jl A] Normalization©| X

Normalization @ 2 MM & Relational schema(ll .= data redundancy @} Up-
date anomalies J} Zt ATl Ol M data integrity S SFA A2 5 QLE IS 5 section (]
A M data redundancy@} Update anomaliesJ} O 2 M ©l=A1 LOHH 1,
HOHE! tablefil A= SR HEYAH oHZ2EI=X1 IS SolAl 202 D= ot
Ch



2 Data redundancy

schema design 9| 5 F (fl otLt= base relations(files) Ol X} XI0l= storage spaceS
XA glol= AOILE 8t JHA] B 2 attributes2 relation schemaS £ grouping st
O 0l8 =S85 E 2dat 5+ AL 2N 108X 20E LIEHH = EMP_DEPT
Relational schema®Q} Q| A8 =2 XM =2 EMPLOYEE, DEPARTMENT 24

240] table=& Hlulol 2 Xt. EMP_DEPT(|AMl= (DNUMBER, DNAME, DM-
GRSSN)(department number, Q]S S...) 0l 2t8t attribute valueS 0| ~1 department (]
M 2oh= 2= employee (] BISEl= AsE = 5+ QALE BHHZ DEPARTMENT
table(l A= 2t department Il [HoH Al &t BBt L}EFA[LE & X DNUMBEREH
EMPLOYEE table©] 2t tupleS 0l LIEFH 2D QL

3 Update anomalies

EMP_DEPT|} EMP_PROJQ} Z& relation=& base relation O 2 A}=20o}p0d gt
Mal= &£ 2 20 S0l otLl= Update anomaliesQl[}. Update anomaliese=

insertion anomalies, deletion anomalies, modification anomalies2 1&gt

QUCE 28210l CHoH A Xiell=2 2EOF= K

1. Insertion Anomalies

HIl, EMP DEPT)| A= employee tupleS insertoli= 213 2ol
HXlL 2t tuple2 employee )} o= department(il [HSt attribute=
Satob ML 2Het employee )b 58t department JF @1 LHH nullgt S kol
Of etLt. A== & employee )l 20ti= department©] DNUMBERJ} 52HH
EMP_DEPT( = tuples§F DNUMBERJ} 591 tupleS9°] DNAME,
DMGRSSN @} 2 x]ot= attribute value= £ insert ol OF SHL}. insertE st
[Hatck 011 A= =tllot= A2 712 201 02 AO0ILEH obXI2t fig29]
EMPLOYEE, DEPARTMENT table2 [[I£ 9t A< EMPLOYEE(}
58F insert g B TIOE QOIMQ 22 AW OllE Sk

S & employee )} 1= departmentE EMP_DEPT(| &t2lol= &2
2ol 2 AL 8F DX W2 employee (il null valueE €= 20ILEH
X2+ SSNOI EMP_DEPTO| primary keyOQl|2 %2 2 HMIJF &8sty X
employee JI (] department(j] et @ S0 @M [{ Ol& null valueE= &
2 UMl HLt. EMPLOYEE, DEPARTMENTZ [[I2 2t= <= 0l
FHOF 26X =0 employee )t 1= department b )| H et :
department table(j] H& TIEZ null valuee= & Q@411 employee)} 71

department ()fl i EElIH S employee table(i] insert&= [}.

o
=

oo <

2. Deletion Anomalies
relation table EMP_DEPT | Al OFX18F employee =S AHIOHA £1 ™ depart-
ment 10J| [Holl .17 8t HEHOIJI0l department 10jl [Het HEH I} & AT



=L otXI2 24240l EMPLOYEE, DEPARTMENT table(l M= OI& 2
MOt 280Xl &=

3. Modification Anomalies
EMP_DEPT (| A{ department 50] managerS HtZ[}™, 71 department (ff
M 2oty A= 2= employee9| tuples2 Updateol OF SHLE 1€ X
% O M integrity Jt JIZILE [[HeHA, ZHAE 0 WM SO LA &= 2010
. fig29] EMPLOYEE, DEPARTMENT table(l] \li= DEPARTMENT 9]
DNUMBER 59! tuplegL}at HI329 SI[}.

4 Z2 Relational schema design

Normalization©] SEQRAME S2tAIF| )] oM & Al =2 Relational schema

designQ] ™ eI X] o1goll 21 ot LE Relational schema O] “goodness” =
5 Levelfl M 2 5+ ALE "M== logical level Q] 1] 58l i= manipulation (or

storage) levelQILt. logical level 2 userJ} Relational schemaE interpretgli=

dith 1} Relational table(ll Q!'&= data tuples=©| OO0 st Z10ILCE logical

level I Al £ Relational schemai= relations O] data tuples©] OJ0IE Al X}

JEE Olollet &+ A= ol =L

manipulation level2 base relation(fl Ad tuplesQl HE N H&E T ], Updatet]

E X0l 28HA0ILE logical level (I A= base relationil} view(virtual relaiton),

= LHll &AI0] 4= BEH, storage level2 S| SE|M O N & H filePl base

relation (| BF 2HA10] QALE. Normalization2 base relation (| &8t Z10IL}

1. Semantics of the Relation Attributes

) - )
LM Relational schemai= meaningS &l J)j] AH

i

T QA010F stk

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

relation schema design.

EMPLOYEE Relational schema©] meaning2 [l 2&0ltCE 2t tuple2
employeeES LIEIH [}. DNUMBER = EMPLOYEEQ} DEPARTMENT A}
019] relationship= LIEH &= foreign key O]}, DEPARTMENT tuple2
department entityS LIEHH 11, PROJECT tuplee project entityS LIE}
W[}. DEPARTMENT 9] attribute DMGRSSN 2 department @} _1 department O]
manager 2l employeeE HAZAA|ZI[}. PROJECTO] DNUMZ project@} 1
projectE T3] QU= departmentE A A A|2IL}. DEPT_LOCATIONSQ}
WORKS_ON relation schema©] semantic I e1gst A H[}= 2

2t sS&otLh



2. Reducing the redundant values in tuples
Ol A0l &tet 42 M SEol AHEQALL S et A2 insertion, dele-
tion, modification anomalies J} relation ()l A{ 2 O LI K] &= base relation=2

designot(1 OF et H= Z0ILH

3. Reducing the null values in tuples

schema design (| Al 22 attritueS POIA] “fat” relation=2 Uts 5 Q)

L 13 A= B2 attribute=0] 1 relation O] 2= tuples(l [HoH A
= Ot DAl = QULE MM relation©] 2 @4=0I null O £I010Fet
. OIA2 storageO| GHIOI 1, attribute9] meaning= Ololob=Ul & Ml
ool &5 QL. = ZMHl= COUNTL} SUM} 22 aggregate
operation2 AtEet [l null(ff [HSt count 2 HMIOILE Lt null2 A
JHX Cl0IE A =% AL

]

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.

[t £ 2 Relational schema designQl 10| 2100 M= base relation©] g}
Ol JtsetnullQ] ©I Xl 2= WatO £ attribute=S & A 9| base relation @

= =010k etk N

4. Disallowing spurious tuples

fighO] EMP_LOCSQI EMP_PROJ1E ©Xl. OIA2 figd O] EMP_PROJ [}
M E £ QL) figh9] table EMP_PROJ11} EMP_LOCSE= EMP_PROJ9|
project operation(f] CloH &0 & £+ Q'[}. EMP_PROJ1} EMP_LOCSQ|
EMP_PROJ[H&! base relation(fl ![t11 Jt&0HAL. ofXI2t O1A2 £2
schema designQ| OtLICH EMP_PROJ1 )} EMP_LOCS= & ¢l information 2l
EMP_PROJE g £ )| IIE0ICt. EMP_PROJ1i} EMP_LOCSE
NATURAL-JOINgH }™M, EMP_PROJHY [} [ &2 tuplesQ| 24 21L}. join 9]
2= fig6 A @F 28CH EMP_PROJ (= &1 =0l EMP_PROJ1 1} EMP_LOCS9]
joinO] A Ml= QU= &2 H tuple2 spurious tuplesQl 2l L. spuri-
ous tuples2 figb A *= HAITIO = tupleOIL)E 012 ERE A2t
LIEHLI= OlR= EMP_PROJE XI= [l EMP_PROJ11} EMP_LOCSE
AHAAAAH == attribute© £ PLOCATIONS MEHR)| [Z20ICH PLOCATION &=
EMP_PROJ1L} EMP_LOCHIM primary key & foreign key % OHLICE [}
ctAM £2 Relational schema designE2 2ol Al= primary keyl} foreign
keyS MEIGHA] JOINZ & = QU&= relation schemaS designgt[}.

X2 Al Lel= tables XOHM I 2HIES0] o 22 = ASS A

HOHE obXIEE normal form=SE HEAIZ21 A MO WOl OFLISILE OLAI

SH RP= & O ZNNO0IT, & OG0 U= eSS A 8 R0ICH



H 3 & Entity Attributes AFQ|O] &t A

5 attributes AFOIOI MIDEHXI Jlset 0] 2 5+ AL 1:1, N, M:N St
Ol 1A0ILE =, et attributeJ} otLt S-= ~1 Ol &2l [HZ attributes O] S
MEIQEALE 28 e = = AOILE Attribute A J} attribute BE Z2&88H
JHEGHE XL 01242 St entity©O] 5 instanceJt A 0f] [Holl 22 2+ JHANI
HFHEAI BOI THoH M = 22 @2 JHHOF etlh= A2 2liIstLt. attribute A
Jtb attribute BO| gt= Z2&gt [l 1 ALOIC| 1:1 association(fl &toH 0HDI &t
4 QAlkrecord©] primary key= |HHAX| attributes©O| determinantQlLC} [[}Z}
M 1:1 association 2 single-valued dependency9| exampleQ]il 1:N i} M:N
association= multivalued dependencies©| example(Q|[}. DFeF attribute A Q}
B ALOION 1:N multivalued dependency J} AU[IH A O] 0] e BO| g2
AXMst £ O}, M:N association(Q] QLM attribute A O] 20l O] B
t2 28t 5 Q4 attribute B 9] 0l SELHE FeHOl A 2 HEst &+

A0ILH-

o g
Mo

A

>

1 Single—Valued Dependencies

entity specification ()l A] 8t attribute J} LHH Xl [}= 2= attribute=S2 A Mgt
[, determinant= entity )fl [HS} candidate keyQlL}t. primary key= candidate
keyS WAl MEHEI[} entity= RS candidate keyS JHAIS QA X|BH A Ol
Ololl = XI otLtCl primary keyS JIALE O1JIM <?2l= nonkey attributes )}
candidate key=S etet[}4] JtEsStLE A LIGHH primary key )t Ol01 & EH G
| = O0ILCk

St entity O] attributes= AIOIWl= Ul &7 9l single—valued dependencies J}

Ct.

‘ ‘ Attributes ‘ Dependencies

key — Nonkey Functional
Part of key — Nonkey | Partial

W N =

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

AU = HEE &St single-valued dependency 2 Al primary key J} nonkeyE &
8ol= W25 determinant )} primary key attributeQlJ| UH= OILH H2tA Ol
dependency= filejl} DBMS environment A L H Q1] MA=E = QL L
[HXI Ml &5 9] dependenciesi= semantics )} application programs(il Ololl S Xl
TlE= association2 LFEHHN 1] QUL

[} 9] entity specification= A4 2tol & X}



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
57 402 Schwartz EE
27 414 Schwartz CS

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

Dependenciesisi= [+t 2401 = [
e PID — PNAME, OFFICE, DEPT

e OFFICE — DEPT

Ol0ll [FZ Dependency graphi= [t51F 201 ELE

5 specification2 bl il Al faculty(fl [HSt dataS JI K| = entitiesS MO
ol QULE professor2 RSt identification number(PID)E JIXl1]1 159
office= &2 departmentO] S5 2&etll. @ 182 F0lX! functional
dependency )l LHoH JH& £ 2 specification QLI LE. A2l entity specification (f]
M UHIDEXI9] single-valued dependencies= S#3ot=0l EHIJt ALt XI=a%H
Oldet ZHI=S 2ol 2 AL
10l M PID= PROF entity 0fl [} 8t candidate key Q] 11 OFFICEi= MEMBER
entity O] S &St primary keyQlL}. ({JIAl PID @} OFFICEJ} PROF (|l [Hget
composite keyQ| ] OFFICE= MEMBERO] keyZlyl JIEGHAL BHeF PIDJ}
PROFO9| candidate key Q|™ PID Q} OFFICE= PROFO9| uniquegl record
instancee MEHEI[}. Dependenciesi= entities AFQ] O] associationE (|==
OICH Z+2O] A ghOll CHoll 1@ &1 2tE BOJ g0l @& oLt 212 Il attribute(or
set of attributes) B J} attribute(or set of attributes) A (] functionally dependent
otCHal Stk 2k, 8t entity O] 5 instances )t 222 A O] ¥E JIX|M BO|



PNAME

e

————— " OFFICE

\ DEPT

PID

18 1: Dependency Diagram

2HE 2010F 8L} Ol MMM © 2= 1= nonkey attribute )} entity O] key (f] func-
tionally dependentoll}. 20| HHAME 2 & A0l YHIAOI gingle-valued
dependencies©O] ||| &%= &= functional dependencies, partial dependencies, tran-

sitive dependencies, and Boyce-Codd dependencies Q|[}.

e Functional dependencies

[2]E.D

entity specification 9] attribute J} attributes AO] M Hl set(fl Cloj 2 AT
AdAO et MRRERstozZ= AHE X ZS [l OISt dependency =
functional Q| 2} 11 StLI.

[1S T12819] entity specification E1S2 M2 2 X1 E12 (A1, A2, A3)9]
attributes set2 composite primary key= JFXI2] QALE Ol attribute

B= 2401 MEHEID] 2lol AL, A2, A3 O] g0l & Rot2 22 primary key (|
functionally dependent oL}

e Partial dependencies
entity specification©] nonkey attribute BJ} composite primary key at-
tribute A O] subset ()] dependent2tH[[f Ol et dependency = partial Q] 24l
Stlh OReHOIAM COl g2 MEBioh)] 2lol A1 iF A3 tEH0l EQRol2 2
attribute C= primary key(Al, A2, A3)(ll partially dependentotlt. =
, attribute Ci= composite key (Al, A2, A3)9| B8 L= D50l Olol
ZESIN XA L



e Transitive dependencies

nonkey attributes & AFO|0l functional dependencies J} =IHet Il tran-
sitive dependencyJl =IHetLt. IS =0 E3 1l E49] specification=2
M2 X} E49] A< primary key H = attribute I £ 2 Mgt }. E3 9]

AL primary key F = attributes G, H, IS AH&t[}. O1JIM F= E40]l
ﬁoiﬁ functional dependencyE Soll [ & MH8gt + o0z E3(fl=
transitive dependency J} ZI{Stl} M2t F 2R HH 2, H A I 29|
XA e ZHN w S Sgi FOl 2Ll 2 M8} 19] instance(ll &2t

T ALE

e Boyce-Codd dependencies
nonkey attribute )} composite primary key attribute setO] S22 A A |
S [} 1 entity specification (fli= Boyce-Codd dependency )} =it} 1
Ml=2ZM ESE & 5 QULE M 0l composite primary key 9l 50|11 PJt
nonkey Q|25 P QF M ALOQ| 0l Boyce-Codd dependency J} &= et} Orok
P} nonkey )} ObH candidate key2}™ Boyce-Codd dependency )} =
otXl &= A0I =Lk

2 Multivalued Dependencies

attribute J} C}= attributeQll CHol olLt OlAO] g2 AAS! [ multivalued
dependency J} E=IHStL}E 0] B, determinant 9} set of determined attributes A}
0l 0l] one-to-one association(Q] A4 &l o}II A= 0l multivalued dependency &=
_18 = A} double headed arrow=2 I A|SH}. multivalued dependencies©] (il 2
M [}3 9] entity specification TEXTSE M 2ol &2 X}

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= [}S1} £}



BID

Course l

\ Section

18 2: Dependency Diagram

e BID — COURSE
e COURSE — BID
e COURSE — SECTION

Ol0fl 12 Dependency graph= IS 2L

0l specification® 5 O] S& & multivalued dependencies S &t
Q'L courses Q} textbooks(f] &8t M= book identification number(BI
course number(COURSE), course section number(SECTION) (| [[HcF X &
Ch M2 O course(fl A AFSE = A4, coursei= (] M= AIEe =
otz COURSE ¢} BID ALOIQ] dependencys= M:N Ol S [}. T, courses=
L} 9] section2 JHX|B 2 COURSE @} SECTION AQ|9| dependency= 1:N
Ol =L Ol [ , &2 course®] = section2 22 textbookZE £2[14] JI
Aot} 0ld 8t semantics @} multivalued dependencies([f &l TEXTSO] 2=
instance & T8Iol= HIllE 22 22 Q5! data item0] & QotCE TEXTSO
= D5 11 instances J} Q=0 attributesE 2ol 24240] data values)t =
330 B Rotlt Ol 3342l dataJb2 0l =X 15 POl uniqueotlh LIHXI
= 2% data redundancyS LIEHH L FALE Old 8t redundant valuese= A2
= B &= multivalued dependencies©] cross product QI ©Joll 2tA4st A OILCE 5
JH O] multivalued dependencies (COURSE —>> BID, BID —>> COURSE),
(COURSE —>>SECTION)2 M SEACI[| 0% = SECTION L} BID ALOI

ol &M MOl dependencyJt @21 UHEOILCE.

}

Qi

igﬂﬂv}'_l



3 Lossless Decompositions

dependency (Il [[IZ} table= otLl S£i= 1 0l AHO] &2 tables? decomposeoli=
210l Normalization@I[{l, OIZ Al decomposeoti= A30| S8t A0l OtLIch
decomposed partSZ [IA] joinHZ [[| HE9] tableE 22 £ A OF MIIH=Z
=l Normalization Al Z10|LL

Decomposition

Z0l&l table T 0IA, k JHO] tables 29| decomposition2 {Ty,T5,T5, ..., Tk}
tableO] PRIQ0ICt =, Head(T) = Head(T1) U Head(T2) U---UHead(T})J} =
Ch

TO| rowsE2 T;9] columnE =2 project=H [} functional dependency 9] set FE

JHX111 table TS decompositiongli= A2 lossless decomposition(| 2} &

=g

Ml 4 & Theory of Functional Dependencies

functional dependencies(fl [HolO] =2 theorys0] ®&oll &LE HIIME
BCNF @} 3NF Relational databaseO| design(jl M EZ%|= theory9] JI& K8
St algorithm(fl XA EZ WFL1AF SHLE. LHH OF functional dependencyJ}
FOIN A Q] functional dependency = [}2 functional dependencyS | HEHH
& Alk= A adletth 0l &0, R = (A, B, C, G, H, I)2h= relation
scheme )l =012 CHD JHE0HAE 1l OIJ10l [IHE functional dependency
set2 L5t 2L

e A—>B
e A—C
e CG—-H
e CG =1
e B> H

Al 302! functional dependencies2tE J1dHol= A2 SEotAl &4 Ol
functional dependencies J} J}&l B2 = functional dependenciesS 1d{et @ QJ}
QL 22 B0 X118 =] &l functional dependencies set2 Y [}= functional
dependenciesS &L= AS 2+ QALE  0ldet functional dependency S
FOl OloH logically implied TIQCEal StLE 9] functional dependency (I A
functional dependency A—H = logically implied T|Q![}.= functional depen-
dency 9] setQl =1 &! N0 A—H 9] functional dependency = BFE A QL=



OICE &3 t1[A] = to[A] O ¢t 1} to tuplesE JH™ ol 2 X1 A—B 2t= func-
tional dependency J} U] I2 0 functional dependency ©] A O| [[I2}
t1[B] = t3[B] JF &&stll. &, B—H 9] functional dependency)t 01|
MZ20l t1[H] = t2[H] & SAl funct1onal dependency O] definition (il Ololl &4 &
BITE MEHAM t1 B t2 Ot 61[A] = t2[A] 2 MBIAIZ WO} 6 [H] = t[H] Ol
Meiste = 4+ 20 0122 A-H £ 2JNIsHL

FZ functional dependency©| setQ|2t3] otAL. FO] closureZ2 FT 2 T A|OIE
Hl F 9] closure2t Fl Ololl logically implied = = functional dependency 9]
setS Wttt F JF =& Z [l functional dependency O] formal definition © &2
SE A FIE A £ 0L 8ot FO| )|t ACE 22 0] Helo|
M2 212 01 20ICL FFOl HA2 SIAM A->H Jf closwre(ll QLH= 2
S HO0IJl §loH =& type9] argumentE W R StHE XIa S H functional
dependency Ol LHGHOI & [ 170l A42tat 4 Q1= I HOIIIZ SHALL. in-
ference rules T = axioms(ll V| E & JIEH 0l 71AO0ILE Ol rules8 HtI5 X O

I—IQAI?IOEA{ F _J F+E e _/'\_ 9‘!

=

1. Reflexivity rule
X} attributesQ] setQl 1 Y C X0|™ X—Y )} Mdast}.

2. Augmentation rule
X—Y JF Mot W Dt attributes©] set0l™M WX—WY J} A28t}

3. Transitivity rule
X—=Y Jt d8otid Y=-Z I d8ot™ X—7Z It JEsetLh

Ol rules S2 AIZ2M 2 [l &2 = functional dependency )} Yt G X &)
M0l Q& ACL 1217 0] ARSS 2B, 01 functional
dependency O] set FJ} FOIXI™M F+O] R = 242 zH) ofl 371 [IZ2O0ILCH
Olddet ruleS Armstrong’s axioms(Q| 2t 1l StLF. Ol Armstrong’s axioms J}
bMsk 24012t e Xicts FHE Hdtol=d0l & At8oll= &S0k 1
M & O Zaatob)l flol ROXI 22! rules &I ALE 22

-

BIIAOI ruleE2 Armstrong’s axioms2 AIZol0] BEME 5
ol
AA

0l
=S

4. Union rule
X—Y JI d&0otid X—7Z J} Mgot™M X—-YZ Jf Agstrt

5. Decomposition rule
X=YZ Jt 4ot X—Y JF d8otd X—=7Z )t dEst)

6. Pseudotransitivity rule
X—=Y J} 880t WY—=Z ) d8otd XW—Z Jt dEstlt



248 Ol rulesSS 2H0IAM RIAISH HI10l RS AIHE XL Oted0ll 7Ol &

member= MY}

e A—»H : A—B 9} B—H JI ME0oI2 2 rule 3(transitivity rule)2 X &85t

L.
e CG—HI: CG—H 9} CG—I JI} M&EHOIZ £ union rule(rule 4)E M5t}

e AG—T: 0l HO0IJ] oM ¥ D 2otk M H A—-G Jt &8
0l2 2 augmentation rule(rule 2)2 AF=20l0l AG—CGE 271 CG—IJ}
MEI5I2 2 transitivity rule(rule 3) Il ©lof AG—IDJF = [}

OIHl set X J} superkeyOIX| 2t21Gt)] 2ol X0l ©loH functionally A& L=
attributes set= JHl&toHl WHOFSHLE. Ol Hl&F ©A] functional dependency 9] set
FOl closureE Jl&tol=0l =&t LR20ILE 18 XD} attributes setQl 2l
JHAGHKL functional dependency©] set FOIMIAL X0l CloH functionally deter-
mined T]= = attributesO] set2 FolWIA Ol XO| closuredtd] ol X+
LIEFHCE FTE Hdols W E inference rule2 0180k= A0ILE [He4ol
= [ g2X2 H20] QL Ot O] algorithme X TE HIAWGH)] @18t 210ILL

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

input 2 functional dependency O] set F' Q} attributes set X (] 11 output= H 4
result Ol H&AEICE Ol algorithmOl EH SEGH=XI ©01J1 Yokl (AG) T2
HAoN B2 M result = AG &£ A|&tet[}. 2} functional dependency S
testol )| 210l while loopE A AIFI=0 H loopliIM LSS L+ AL

e ASBIZ 0l B= result 0] TEHE[CL A=BIHF( 231 A C result(AG)0|
1l (M result := result U BRI 21052 Qb4 Q[

e A—C = result J} ABCGI} S 8L}

e CG—HE result )} ABCGHIL EIA

o

Ct.

e CG—I= result )} ABCGHID S

o
-



while loopE FH M = [l result (| Al 22 attribute J} o0 XI Xl & 11 algorithm 2
ZLHI ©Ii= AO0ILE HE Al O algorithmO] &Ll & + A=K 2Ot AL H
Sl 2 X—X D} reflexivity rule(f] OloH at&t Aalstl ). “1ef A result O] & 0] 9]
subset YOI [Holl X—Y i1 Qtst 4 QI[}. while loopE Al&tet [[| X—result 3
Il E0 ZE result(fl et + A= RAst WHE Y C resultOl ] Y—=ZIt
Aast [[10ICE result—Y DI reflexivity rule(fl ©loH A 210l 1l transitivity )f] ©l
ol X—Y J} d&stit

transitivity O] OF [IE 882 X-Z A28 HUHZELL(X—=Y0ld Y=ZalS 018
ol0l). Union rule2 X — result UZZE YH0O|F 11 X= while loopil Al M)|=
QIO]|9] M= 2 result= functionally determine@t[}. [[F2tA] O] algorithm (] O]
ol TS XI= OISt attributeS X0l LA ELE 5 0l algorithmQl X+ 9]
PE A2 =0eE AT HOoJl A 2ok X lle Q4 result(ffles =
AHWM™ attribute )} QLIHY C result(Q] U FOl MO % St attribute )} result Ol &
= A0l Holl Y—ZO9] functional dependency J} BFE=A| EIH St} Bl &! HEOI
OlotM FOf size(ll [t £20] B 0Ol algorithmE HIM 9] loopE = AHIEH L

1 Desirable Properties of Decomposition

database systemS= designol=[Hl AL relation=2 &2 O M O] relation© 2
decomposeoti= A0l ERotLt Ol HHEES 2 01J| ol Lending-schemeZ 24
2toll =L+

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

name,amount)
12] 11 functional dependency set F= LSt 2L

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

loan-number — branch-name

01N [HAH Ol relation @2 (St 2801 decompose8t[I4] I8 ol 2 AL

Ry = ( branch-name, assets )
Ry = ( branch-name, branch-city)
R3 = ( loan-number, amount )
R4 = ( loan-number, branch-name )
R5 = ( loan-number, customer-name )

Lossless—join decomposition

?19] decomposition2 losslessPI[{l Ol d S SHol)| 2ol 2 M 012 Z2Eol=

criterion2 HIAIOHOF 8tL}. R relation scheme(] 3] F= RO A ©] functional



dependency setQl2tal & [l Ry ¥} Ra= RO| decomposition= lossless—join

decomposeet[}.
e RiNRy — Ry
e RiNRy — Ry

lossless—join decomposition2 2 HO|J| ol decomposition®] HHIZ Ol Ol

HOIACLAMA

Ry = ( branch-name, assets )

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

branch-name — assets Q] J] [l = 0ll augmentation (] O]olf branch-name — branch-
name assetsQ| = L}. RlﬂRi = branch-name Q]J]| I1Z2 0l =] 2] decomposition2

lossless—join decomposegll}). (IS =2 Ri =

Ry = ( branch-name, branch-city )

¢

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

= decompose St }. branch-name— branch-cityQ]|2 £ O] & A% lossless—join
decompose(Q| L} R;%

R3 = ( loan-number, amount )

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

O 2 decomposeg} 1l R;%

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

R5 = ( loan-number, customer-name )

O£ decomposegt[}.

Ml 5 2 Theory of Multivalued Dependencies

DE functional and multivalued dependencies setQlZtal otXL. 124™ DOJ
closure D= DOl Olol logically implied §]&= 2 = functional and multivalued
dependenciesO] setE QSH ). functional dependenciesO] AL X & functional
dependencies and multivalued dependencies©] definition2 Q|0l0] D= 2 H
DTE Nttt 4= Q). [1809] functional and multivalued dependencies(fl [{
St inference rules2 2t XIS Ml rules2 2HHIA] HAH Armstrong’s

axiomsQ| L}



1. Reflexivity rule
X} attributes©] setQ] 1 Y C X [, X—=YJ} M&SH L

2. Augmentation rule
X—=Y Il Malot ] W attributes©] set Q]2 WX—-WYJ} MelsH}

3. Transitivity rule
X—=YJI ddotdd Y=ZIF 480t X—ZJF dElstlt

4. Complementation rule
X=Y0lH X— R-Y— XD dgstL).

5. Multivalued augmentation rule
X=YJI 8ot WC ROl V CWOIH WX—-VYJF gEetlh

6. Multivalued transitivity rule
X—=Y0l1l Y—=Z0I™ X— Z-YJ} &8stk

7. Replication rule
X—=YJF 4ot X—=Y)I dgstLt

8. Coalescence rule
X=YO0ldZCYOAWCR WNY =¢, W =ZI)} 8&ob= Wt
ZIot™ X—7Z)JF Maist L

M /0] ruleS0l I8 exampleE ®J12 6HAL R = (A, B, C, G, H,
I )9] relation schemeQlZ}t] SHCE. 121 A—BC JF MElstta JFASH
.multivalued dependencies O] definition2 t1[A] = #5[A] OI™ 1SS “H=Xol=
tuples t3 it t4JF =St = A2 Ol0IStLE

complementation rule2 A — BC 0| A — GHI &2
2ol =L 20! subscript2?ta HEZLHH A—GHI O] HOIZ 31t ¢4t 25
AZICH= A2 & 5+ ALE HIxst HEZ rule 5, 60l Hol M= multivalued
dependencies O] definition2 O|Z0l0 LHE 4 L} Rule 7, replication rule®2
functional and multivalued dependenciesES FEgtetl}. JId ROIAl A—BC J}
dgettha JH8oll 2 XL th[A] = to[A], t1[BC] = t2[BC]Ol &HIJF 441 11l
to= 282F XRAOIAL 2HAIDF 242 [ multivalued dependency A—BCO| & Of (|



O|oll tuples t3,t4 )} Q2= [} Rule 8,coalescence rule,2 ({5 JI Xl ruleS Wl A
HOI Jt& &= A0I2 OJIM ol
[139] rulesZ 0lZ20t03 DO closureE 2ol Aldtet &= QL

e Multivalued union rule
X—=Y, X—=7Z J} Mglol™ X—=YZ JF Mgsti).

e Intersection rule
X =Y, X—=ZJF Mol X— Y N ZJ} ML

e Difference rule
X—=Y, X—>Z I Malol™M X— Y-Z , X— Z-YJ} dgst}

PO rule2 ThHE O HII0 HSAIHEXL R=(A,B,C, G, H, 1) 014 01A9
dependencies set D= Ofel @F 2L}

e A—B
e BHI
o CG—H
OteHolli= D+ O] EILX| members W OI 240ILkH

e A—»CGHI: A—BOIJ| 2 0l complementation rule(rule4);= A— R—B—AES
LIEFHLCE GIJIM R—B— A = CGHI 0|22 A—CGHIDJ} &L

e A—HI: A—B,B—HI OlJ] 2 0l multivalued transitivity rule(rule 6)&
A— HI-BE UEHHLE HI-B = HIOID| IHE 0 A—HIDt =Lk

0

e B—H : 0lAE HOIJI 2ol coalescence rule(rule 8)S M &0t 0F StLt
B—HID} Melstt. H C HI,CGrightarrowH,CG N HI = ¢01J| [
20l X= B2 Y= HIZ, W= CG2, Z= HE Ol coalescence rule2

2HSAIZILE I B—HO 2ES HE + ALK

e A—CG:0l0l A—CGHI, A—HID}I Ma&satg 21 QLL difference rule (]
Olol A—CGHI — HIJI §153]1 CGHI — HI = CG 0|82 A—CGJ} Mg
StCL

Hl 6 2 Normal form

Normalization2 StIILIE R2ot™M Jiset et S=5HS HHMIGH0 StIHAl AL

A2 ot 2O E LIEHLIA ol 80| fAMEZ HEOH otl= OI1E0Ict &

2 QUL [MHEAM Normalization©] =X 0l 1
0

= M2 real worldE H[ @8H
Ol A0 JrZ2A Zasdot=0l QULHL



All Relation

_1& 3: NF Hierarchy.

Real world= A& Holal Q4 [MH2hM real worldE Helole HMEIE2 S
gt = QUOLL S Ml MAIDE =t E = Normal formE 6 JHXIOILE 0I1=9l
SET eUAHN OIF O X101 OFA 23 0fl =HoH2 oM 24O 52 Normal form 9]
QXNO| O ZATIgle MASIXIeE A1 S0l sl Cloll 45 A2
HOI MU XIAI 22 SEOILE

Normal form©| ZtHst SEA0 [Holl O0F Xt

e [I3 UM 2 &+ AX0I NormalizeSIO Jb= 2F B2l = hiararchy Jt

OI[t. = MASIE TE relation2 INF| 40611, 2NF= INFf] 242t
EetEl= ARAE 2 5 Al

e [HEF9| data base;= BCNFJIAIEF OE=EgQHH WHR I Q10| AIE & +
OICL. = 4ANFQI 5NF= real world(fl &%= T AS 5+ AUXI°t

OlE280l HXOs Olool™ = A0ILH

QHIAM Adet ORI OI=2 I 4, XISRHE AdlAo g B
SATH LA &St 6 JEX] normal formE AW ot L
OlON CHol 2HHol AH S ot SNEJIXI HEZE &+ Qe Ao W2g B3O Lt
X LALE D0 ANFX] Jisst Ao oL EQ4 11, ANFUIA S5NF £

b= A2 2 U0 HE s

z

|-0|| ron



1 1 Normal Form

Ml 1848
Relation9] 1= domain(Q] H XIS EetolH H18 7010

HSO| table(lIA =1 2 tupleE attribute(ll [HoH otLICl 2t S0{JHH
INFgt e = QL domain valueJt =& ZB20l= 1 B2 CHll S01D1
OF otH, M0l = et null 25 Jisotlh

S 22 0l 2 st table FIRSTE (il HMA Adob)|= okl =25 &
Qet HE TF attribute PHSX1= UL

I8 s &M M 6tAE MG (B#)J FOXIH, s 8 SHADL IS
otLt ttet Ist, 2nds HEO!l JtsobXIEH THEHALMI XHSSO0ILE &L SEADL

3 QULE 71 ' o] attribute2= =&AL} Q)= Building 1} city QI L}

o2 2 INF2h et = QULE Lt & 2 M, O] relation2
o = QAL AMME AS3HKO0] & A

582 Z010F StLE. Z12HOF2t operation A (fl

ra

data integrity2S &St 4 QI[}.

OIMIRH Xtdlli=Z NFE 2= 0 JIE 5 oL

2 2 Normal Form

[6]

H 2844

RelationQ] INFOI 11, I1J} Ol = £ M0] JI= |0l 2 &t4& S4019 H)
2H A0 F,priamry )} composite key®l AL (] primary key©] subset(]
nonkey (Il functional dependentob Al TI8 HI2NFO] M &S BH=g}X| 2ot Al =

-

Q10| relation2 fully functional dependentegtX] X OB 2 2NF O projection
st 4= QOI[}. Q9] INF functional diagram S Y™ fully functional independent et
attributeES &N O 5 ALL INFWIA primary keyi= (Name, Year, Au-
thor, Publisher)Q|C}. "1 [{] Building(Q| primary key©] subset ! Publisher (§f
functional dependentot= =2 2NF HO|(f] (I HLE M2t OIXE Zlof &
Oz 2NF HO|= &l 2v=s5gt += ALt

INFIF XL Q= 2HIEEZS A& o2 =M Addison0] B30I B4=2 OIAIS
It Addisonyl} 2t E = tuple2 B240HO0F obi= &Ml £= 0101 OIF O
KXl 20t D& Z2E Sl & ZH0l 2 2MstLL

Ol Ml first = projection AIH Al scecond(B+#, Name, Year, Author, Publisher) Q}
tbl_publi(Publisher, Building, City)E BFsHM 013 S2H&A 2 ALK H L



3 3 Normal Form

Ml 3& 43
Relation Q] 2NF Q] 11 2171 OtHd 2= M4 0] J12 10l nontransitively dependent o}
oMM 38 AS0ILH

tbl_publiE ©HM™ Publisher —Building
Building —City

Publisher —Building
Building —City

D5 dEot0l, 01X S549] =& HZAO!I Publisher —City ot A
Lh Ol Ol M SKH2 HA0l14d= elietlh JAHE01 A4 B1 AH
HAISO0l 25 G50 Boz2 RS B2 thlpublifil A BuildingQ] B192!
= tuple2 ZMoH OF StlH= 2 HIA 01 ALE et 0120 5 HMEIX 22
&2 building oL M2 [HE TAI0 =M &5 Q= D&01 I
=L

tbl_publiS tbl_buil(Publisher, Building), tb 'ty(Building, City) & projection
AlA OIEHNZE ol Zetlt. Projection S| 2421 tbl_buil?} tbl citye= SNFS&
DEESHLE secondT™ @A| 3NFO| HO|E Q=S

-

S
—

e Hd fHH\ X

4 Boyce-codd Normal Form

BCNF
Relation (| A determinat )} 25 candidate key(Q]®™ BCNFQ|L[}.

SNEXI= CoddJtF HIotet ACI|, SNF= & *é*g._* AEZS JHAIL UL
KMol 2ot XHH, relationO] LSt 22 [ll=E M EotAl &

e Multiple candidate key=S J}& A
e 021 candidate keyS0l SEI5EE A 82
e candidate keyS (| overrappedet AP

o1t A=201 THEo)1 2loll Aciol 3NF & O] Jf BoyceQt Coddfl Clo S &
stolll= HAIELCE Ol M=2 89l= Aol SNFHLH det 8423 E Olllol
=, 3NF2l 1l 2=2&= 4! BCNF(Boyce/Codd Normal Form) 51 Ol X1

=
AA



second 9] candidate key= (B#, Author, Publisher) @} ( Name, Year, Author,
Publisher)QICE. “1MLEF B#Qt (Name, Year)= &6 SEHAMEQIEZ 0|52 M
== AHAGlE= determinantQ| L}

0121 B 29k Parallel 1989 #0O] R (] Book number N2(f| Al N452 HHH U2
A Q| Name(] Parallel(Q] 11 YearJ} 198921 P= tupleE2 Z245H0F o= 2 It
21

QI0]0] attribute )} alternative keyO| element(Q]™ primary key(il fully func-
tional dependent o} X| CHOM: = L= A ¢l O SNF O] M O| (il [T}2} relation second =
SNFOIXIEZE OlHet 2 XD ot =L

[[F2EM secondE SFIZ LIS SO = ol Aet &+~ ALL

SN 9] projection

B(B#, Name, Year) @} BP(Name, Year, Author, Publisher)

L= B(B#, Name, Year) Q} BP(B#, Author, Publisher)

Jb & 5 ALk OIIME "HIE M8ok= 01 4 RLCE G100l CHoH M
=l &2 2 AHE HIAIE 5= X2 LHEHANFO 2 modifyet [l [ 20l data

s=2 Wat 4 N =20l

5 4 Normal Form

Ml 48 48
Relation(flM XIS S E A—BJF EMHE (I, relation®] 2= £82 Al
TH SAH01M ANFOILE Olll=E 1 A% dEotk=l, = reltion9 7

E4M2 K-X HE0IL

]

BPE HM MA0|&0 P2I0] Tl 542 XU AS2 S HWotLH
DE £ M0| Astol (Name, Author, Publisher)2 HMIQIot = st4X S48M

0l ¢©2= BP= BCNFQ|LL

BCONF(I%= 2N Xt s IE =0 NameQl ParallelO] 11 Author Jt
DAVIS(IAM DAVITO 52 HHY S Sl Publisher il LHol 242t OHLHA A2 2 tu-
ple 5 JHJF MAMTIOF 8t Ol= Author, Publisher)} M2 S&X 0™ A
Name(fl [Hol M= CH S 4 A (mulivalues dependency) O 01 IIE0ICH LM
MVD (mulivalues dependency)9] M9O|= HM

INEET

Relation ROl &AM A, B9} C2 RMEI0 210 A—-BIF MEGHM, FOX (A,
C)M ZAGI= 2AR0] BZASO0| AZHID S26HM C2LHll= SEA0[010t
SHC}



0Ol =} Relation BPI=
1. Name — Year
2. Name — Author

3. Name — Publisher

Ol Ml JEXI CHXI 5801 A

719l relation BPHIM &)= Hlp 2+ A S540I 0lH OXssd2 e
obJI IIZOILE [MHEhM relation BPE LIXISEE 01 =5 MIJHKI @l relation @
= projectionA| | Oldist 2HIF A X[CE BA(Name, Year), BB(Name,
Author), BC(Name, Publisher)

180 0171 BA(Name, Year) relation2 Ol0] table BLHOI ZXHot)| [ 0l
T £dQJt QI

6 5 Normal Form

M 5&8AS
Candidate key )ff &t EIXl 2= S5 EE NG| 216HK 4NF reltion 9] projection=
Fet A0l M 58 AS0ILE

2 9] projection© 5 nonloss-decomposition T X| 231 Ml JHLE 1 O|&O=F
decomposition £li= BLIt EMot= B2 Ml 48 A&C=2= ol 20l TIAI &
=L

Ol A NSME S IH 9] relation © 2 projectionA| 2! 220 (5, NSQ SM F=
SMilt MN = MN i} NS) O] Q& joinA|H HHM AJIZ = datalll 1= tupleQl
I SHEE &L LHH KT 0HLEO] relation 1} joinoh Al EI® e O] NSME2
oas 4+ ALt

OIZ Al 370 Ol & 9] relationBHO 2 projection (] s &t 0] 5= join dependency J}
Metxr21os XZob)| IHZ0ILE (1M join dependencyS & 9|60 & XL

join dependency
XY,..,Z= RQ,I £ MO B2 XISH0ILE relation RO| join dependency (X,

Y, ..., Z)% oM, X, Y, ..., Z0l §et projection= 9] joind} RO| 2L Ol
ol ML

SNFOIl CHoll A &'BolH SAXAMAIN 0121 M2t 222101 =TSt
o C++ M Objectch= FHMIE A

e Objectch= HEO0I Z&HQF 2H3TI0 ALE



o C++ MO MEhF 23 MAOIC L] JFEolH C++ M2 Object(l 2tet
MEhp 23 MAOILE

Ol M= 201 Dl st real world (il A

(C++, Object, Math)
(C++, Class, CS)

ch= datadl ZIH0HM (Parallel, Object, CS) fh= MY} insert= [ (C++,
Object,CS) 2h= tupleOl &M 3=Jt ©101 HOF etlh= 2010

0l 2 HIA Ol relation NSME MIJH O] relation© £ projectionA|F|H XAA
i o2 =L
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