BXHIEEDIEE

= 4 N m By D=

O T—3R—ADETIL

O BB T —AR—XDEE (BRA %, BFRHE)
o IEfR{E

o fBWWEhHhEEE

o bSoHY o3 R

O T—2~N—XDKNEREE

O T—AN—ADFWLEHENE

O 2D (AT ERDB,. 79 T747DBE R)
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B REmE ()

O %rﬁ@ﬂiﬂ%&bf:_ﬁél'_nnnﬁii
s BIREEFELZTNIE VIEW (#ih)
" BIREELLERET—IRN—X (#&ih)

O RSEHIZK-T 2 FEFEIZTH NS
= 47 )LEA{RRE (Tuple Relational Calculus)
2FIVEE (Tuple Variable)Z{#>
= fEEEE{%:RE (Domain Relational Calculus)
fE15Z # (Domain Variable)Z{#>
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BE{RWIE (Relational Calculus)

o EEORBAE:
n S} EFRIR (Extensional Expression )

{4,56,7}%

= NAXRIR (Intensional Expression )

{X|X[EBH . X>3. X<87}

o BEFREERE?

O F?Eﬂ{ \uHﬂ
" BROBREBONIBEFROARIZOVLVTORERIER

EHITRE TR

m vs. AR HREFDIHDEED D
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FERmEOERER(1)

o RFHER (Atomic Formula)

1.

2.

2020/5/11

R #BE®RB .t ZRTINEHLET HER()IEIRFHIE
X (t € R LARK)

L EITIVER A A, R EA. OZEMTLLEBIE
BF (=,%,<,5,>,2) £T5L.
t,[A;] 6 £;5[A;]

[EFRES

tEIATIVEH AEZBEHA. cETEH. 0O EMLLESE
BF 158,

t[A] O c
[FEFHRES
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FERHREOERR(2)

o 47 JLEEZR#RE X (Tuple Relationa Calculus)
1. RFRERII2TILEGRRIES
2. p; pERATIIVERRERET HL,
P: V P2e P1 N P2 TPy
(ZA7IVERRE
3. pEAT7IVEARRERET S,
(YOp BXUV (3t)p

[F57 LB RRER
4. D%J:(DiEEJJ1>J~91~’C°1’|5Bhéﬁﬁfiiﬁliﬁﬁ)l/@ﬁ:?ﬁﬁiﬁ
T,

= $EEEE% X (Domain Relational Calculus)(ZfEZE#H T
gt (<d,, d, ..., d,> € R)
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ERA R FRREDF M (2)

o Projection:
BT w2, xn(R)= { tIXy, X5 oy X,1 | R(E) &
o Selection:
B Oy,(R) = {t | R(t) A t[X] 6 a}
o Restriction:
m Oxgy(R) = {t | R(t) A t[X] 6 t[Y]}
o Join:

= Ry X xaexvRp
={(ta/ tb) | R, (ta) /\Rb(tb) A ta[Xa] 6 tb[Xb]}

2020/5/11 F—HR—Z (OH) 74

B R R RREDF M)

o Union:
"R, UR,=A{t]| R, (1) V Ry(1)}
o Intersection:
"R, NRy=A{t] R, (t) NRyt)}
o Difference:
"R, -Ry={t] Ry () N = Ryt) }
o Cartesian Product:
mR, X Ry =A (ty t,) | R, () A Ry(tp)}
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LELOEBATHEO(E—1)

o BASEIZLSBENEDE
» MEEYET., REMEHA 100, OOOALI T T, EEMN10LUET
HAEHDERBE S ERTEMEEEEEDT—EAMLNES . BiF
METREEL
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BRAHEAFZRHBEOFME(3)
o Division:
= Ro[X]T-Ry[Y]
= {ta [Xc] |Ra(ta) A (vtb)(Rb (tb) =
(ati)(Ra(ti) /\ ti [Xc] = ta [Xc] A
t; (X1 =1t,[Y]) )}
= JEhL
Ra[X]1+-Ry[Y]
= {ta [Xc] |Ra(ta) A (th)(—| Rp (tb) \
(ati)(Ra(ti) /\ ti [Xc] = ta [Xc] A
X1 =t1Y]))}
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L &DEEBATHEO(3—2)

o BREEICKDIBLEDE
n EmAFEMComputerlZET 5GELLOBE &M T, FER
X ENBAEXIETRSEMEA 100, OOOHLTT
FonTWSEmDEREEERBEBSEMYIZL,
BETHEZR(EREE. BEaG. 2iErT)
oo EER(ERTE. BRR)
MERXEBR(BRES. RETME. £E)
BAEXERE®R (ERES. REME. EE)

o 27 LERRERTRREE &
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B R AR RRED FMEE(3)

o Division:

= RIX]FR,[Y] = {¢1X.] | Ry(t) A Ry[Y] Slset(R,,
Xeor tIXC] )

ZIT.Iset(R, X, x) = {t[X] | R(t) AN t[X] =x}

= DFEY, Iset(R,, X, t[X.]) = {tTX] | Ry(t) A t[X.] =
txc]

" R(DIZEENZFTIL t DR T, BEEDE t{X ]LRLEERED
R, FDATILORNEBIEDES Iset IZHLT R, NERSES LR
BEGATINDHBEMEEEDHI-LD

R (ARFERMERE R [FRFTR] ~R(FREEER)[RFTE] D5E:
= t AS(E, DeskTop) DL, Iset(BrFEE#E. B4 . DeskTop)
A {A EE)} LHBDOTR, DFY {HP, Sk, £ LZD
BHESIESEVA, ¢ A (B, LapTop) 45 Iset(BR5=sHE.
4. LapTop) (& {EH. #HK. £ } TR, OBAKSLDT,
lLapTopll3#ERIz&END L&D,
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IE’R1E (Normalization)

o $—IE#R# (First Normal Form: 1NF)
m I2EFE E. F. Codd [1972]
» BROBEOEHLNE TRFH(Atomic)
ZHLLEHALIEBAL
BmRR . BRAEEERTA-ODEN
m vs. JEE—IE#RA (Non-First Normal Form: NF2)
BHEOENRFHTEL . EAZEEDBEELTED
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JEE—IEFRRZ DB

BRstihis |BREE EE |2Ex |B&Rb BmES

XE |GELL Desktop GDC10

FHRER |[H4 Fepson | Laptop FLC33
BAR

Hanon |Laser Pt. HLPO5

FEX EiZN *E |GELL Laptop GLC20

BAX |Tenao |LCDisplay TLCD70

EARX 1% BZAX |Hanon |Laser Pt. HLPO5
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IERR1E D ENt
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o BFEEE (Update Anomaly)

B —DDEHEEZEETLHDIC, BEHROMIDEEEEK

EKS)
—BHICT—AR—ZDRED—F A<D,
m BIRRICEH>TREULDIFHRAHEK
» BFRESETHEICEOTHIG

EDESZH R D Diadt: FE2ERM UKD IER R

O {FEREE K S (Information Lossless
Decomposition)

= BRESHFICIOTHHER. BAKSICI>TR DMK

18Tl RE
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IE %E, ﬂ'/ ( - 3 .

IRFTihiE |BRSEE EFE |(HEx |[ERd AmES
FHRER |H$ *E | GELL Desktop GDC10
FHRERX B+ B& |Fepson |Laptop FLC33
FHRERX |H+ HA |Hanon |Laser Pt. HLPO5
FEX |[#K [XE |GELL Laptop GLC20
FERX |[&HK BZA |Tenao |LCDisplay TLCD70
EARX &%  |BAX  |Hanon |Laser Pt. HLPO5

2020/5/11

F—aR—Z (OEH)

Fﬁé&ﬁﬁﬁ'lét (Functional Dependency: FD)

81

o Bk R ANEALNIEE, R FOEEDITILIZDONT,

R MEM X OEBMEED.

R DD EME YDI=-Z1DD

BHEELIEREICHIET HHEEIZ. R OREMK Y [XREE X I

BEBIERTHS.

(X—>Y) e (Yt t' €R, t[X] = t'[X] = t[Y] =

t'TyY])

= BT OB OERAEREYE
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%2IE *ﬁ, i (Second Normal Form: 2NF)

o RREE

= E. F. Codd [1972]

0EEH:

= INF OB R [CEWT, EOF—ZRMICLRSELE
AL LWAGEF—I&ME K DESRSERSICHER

REBTHLN,

o ATHO INF OEROAFIZ 2NF (S
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FE2IE R

F—ER—R (OEH)

84

E2IE R

o FlIZHETHEHMEREAE

I CCTRA{RERE.BRES) LU {RTiE. ARES)
(FF—IxHET B,
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BEEOEEZBATHEO(3—3)

R IEHRER2 AR IRSER R 2

Ef |®Ex |E&RB AmRES | | R | RTEE |ERES

*XE |GELL Desktop GDC10 FHAHERE |Ae | GDC10

BA& |Fepson |Laptop FLC33 FREER | @t FLC33

BA |Hanon |Laser Pt. HLPO5 FREX |@d HLPO5

XE |GELL Laptop GLC20 FER &k | GLC20

BA |Tenao |LCDisplay TLCD70 $EX | #A | TLCD70
EAR £k HLPO5

2020/5/11

F—ER—R (OEH)

86

OB OE1ERENSE2IERMICT HETHRIR
ShI-BHBREELRTLELD
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BE3IEFIRS (Third Normal Form: 3NF)

OIREE
= E. F. Codd [1972]
O0EEH:
= 2NF QB8R R IZBWWT, EDF—ZMICLESLELE
4 A X, BERT—ICHLTIHEHEBNICRET S

o RIH® 2NF OB & D FIZ 3NF [
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FEIER

B IR ERER3 & fR R SERE{R 3
HExT ERE ERES BRetithis | BR5EE | ERES
GELL | Desktop GDC10 FHERX |BF GDC10
Fepson | Laptop FLC33 FHEARX |AFH FLC33
Hanon | Laser Pt. HLPO5 FHERX |BH HLPO5
GELL | Laptop GLC20 HER | #K | GLC20
Tenao |LCDisplay TLCD70 FEX |#K |TLCD70
NN

B BT BERX 1k HLPO5

*XkE |GELL

BR Fepson

BA |Hanon | HETER3
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EIERT

0 BlICH T HEEREREE

. N
L Sk
 [mams A mex |
\ o mmmmmmmoo o /
4 D
EE H EE |
\\ R — / /
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Boyce/Codd IEfR 2
(Boyce Codd Normal Form: BCNE)

o RES
m Boyce and Codd [1974]
0 EEHk:
= INF OBE& R IZEVLWT, LWHVEEHEMES X ITxLT
L. X ITEFNGLEEDILEAND X ICEARKE
THAEZE. R DETORMEF. X [CEAKKERELLGS,

o BT 5Z BCNF (25 #%
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Boyce/CoddIE 71 1%
o FlICH T HERERE

“ D
» mRE
ERES it |
_______________________ /
\

[wEx | =4 |  [mra —{mmwe]
\ ______________________ / N e
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L &DEEBATHEO(3—4)

Eas |FEY | GRBEEE | HUKE8 | REEREL | B

0 ERO&SBEAF—IOERBEIN DL B, &
. ThENOEEORICIE, (HES, IR &
FSEE. (AE4. FEN) R LNE ALHE
HEMSE, BEA MR SHREREN DS
= 1'?%%?%9&53\@[:4:0’& 2NFTE&H S A, SNFTIEAEL KD

BREAGRDESITEEN, BRBZEHITDOTT, ENODH
{%®Z$_7€ﬁtﬁo

B CORBICKYEDISHBEANRESNE=NIRAR &K,
» BCNFIZEBIZX. EDKILBEBRDESITTNILELD, B
BRBEFFEHICTOFT. ENLOBRDOAF—IEFTHE,
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Boyce/CoddIE)tﬁ.ﬁz

&R RBC AR SERE{RBC
RExT |ERE EmES REE ERES
GELL Desktop GDC10 H GDC10
Fepson | Laptop FLC33 He FLC33
Hanon | Laser Pt. HLPO5 Hd HLPO5
GELL Laptop GLC20 #K | GLC20
Tenao | LCDisplay TLCD70 #%AK |TLCD70
ek HLPO5
Ef |[#HEx
SETHERBC [kE | GELL T — ?ﬁﬁfmﬁﬁ fRiES
B=X Fepson FHRHERX | B
BA |Hanon MER | 8K
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IRt E DR

o 51
o [HERIORFTEEFMEKRIEIFHIT. FHERIOE
mEEfMlElLaptopl&lInkjet Pt. 1, AR IOIRFEE
(X, MEBIT. EAXR IOESABEMIE. MLaptopl.
lLaser Pt.]. I'LCDisplayl.

BRocthiy | BRSES ERE
FEX [#6A.FH] |[Laptop. Inkjet Pt.]
EAK ik [Laptop. Laser Pt.. LCDisplay]

FE—IERM TR
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FE—EHRBIZETE

fRcithis | PRSEE | ENE& o F—{E#. {IR5THhiE. BR5E

HER EL PN Laptop B.EqMm)

HERX #;AR Inkjet Pt. r-moto'cEf)Baﬁ:rli BCIj\JlFb
= o NEARXR IOBY(MFREIMDHS

#ER |5H | Laptop L 3T INERBIZANBHE

FEX =H Inkjet Pt. AELD, (BHFEE)

HEEX L Laptop

EARR 1533 Laser Pt.

BRR 1k LCDisplay
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ZIENEREIE

o BE#REEZLY—RIELI=ED
» MVD: [ENSCEE~DREHE
£&NERN—DHS FD
o BT OH:
s BEATHVSERXRM:
BRFSHt >—BREE | EAES
BRI > EAES | REE
n REENRENIL. RTEOEENRFELIL. EEH
DEELRED,
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% 1IE 'TiE E 'l‘ﬂi (Multivalued Dependency: MVD)

o IREHE R. Fagin [1977]

O BHA. B. CEEARROEHEEDEEDBNEE LT S,
RD&®HD (A-fE. C-E) DRIZXIET S BOEDEENN A
DEIZOMAMEKEFLT. C DELHMILTHLEE. HhDTD
EZITIRY B [ AIZZERBLTLDELL, RO ESITR
_;—

s A>—>B | C ((B)H (A) IZ2ERBLTLBELNS)

o CCT | CIT&EBEATEe, F-REFICHFEELMYID
m A—>—C|B

OB S AFEkIEC= o O, BICA >—BARYIDDT.
HEADZEHREEELD
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B4 FARZ Forth Normal Form: 4NT)

o IREH: R. Fagin [1977]
O ZEREMEFE->T. EREEER
O E&E
" HATLGWVEEDZEREM A >—B #ilf=9 &54
R R DEMDENES ALBILHDHEERDE
TORMEMN A ICEBBEKETHD
o BTHOFIE . AREF—I S DBEHREE THLZIE
HEEEL DT, 4NF THLY,
s (BR5EHhE ——BRFEE) & (BRFEHE > —FERfEm)
DELLN—ADBEBERE (DFYRENESTHELN I
SEAERT
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BEAIEFARS Forth Normal Form: 4NT)

O E&E

= Bf% R 1250\ C. H2EATHEVSERBIE X ——Y
MY DEZFENDOTHER R DETOEME AN X
[CEABREETHS(FIOFIL)

= (a) BHEXEED INFOBMRERMINFCH DL, BER
HOEEH TRV S ERIRE U ——V [CHLT. BR
REBPTXIZUIZEA#EETHS

 (b) INFOBERD: —EEIEDKAEALL L2, B
ZRPDBLZEMEM 0 [IANSEAINS, THDHE,
ETDZERBEIFTFT—DOHERELS,

" (0) Bt X ZHOINCOBEREO% S EikE ol
ST, KX AN S EANS & 57 % — R EK—X
HMEFZERFBIZFEET S
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n- 2 0] g8 (h—decomosable)

o RE%E: Aho, Beeri, Ullman [1977]

o n BEOHEICHERBIEINBTELHIILERET,

O HAEFZREZDODOHFHEICITFRBERSBTESLELDL, =
DOHRELLIRBBERNEAIRETHIEENH D,

o Bl

R5TE GSELES HR5E %
FaPN Laptop BHIKX
= Laptop BHIKX
= Inkjet Pt. BIX
HH Laptop BHEHE
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BEAIE IR (f =)

oA —-— B | CThaEE, {A B} £{A, C}IZIEHRERE
KNRETED
= PMESNF-BRIT, BAERK

BRcE Rk EnmmERae
HR5Eiis | BR5EE BRociis | ERES
FEX E P N FEX Laptop
HEX =H FEX Inkjet Pt.
AR fEiE EAX Laptop

HEAR Laser Pt.
AR LCDisplay
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VAN L (4E
n-73 ﬁfFE.r AE (ﬁ‘)fé)
H5 w2 LIk
BR5E8 [EETES Em BR5EE BR5EE BR5E
N Laptop Laptop HIXK ELN HIK
= Laptop Inkjet Pt. HIK =H BHTK
& H Inkjet Pt. Laptop BHEH & H BfEH
MR | &S BEE | gig1 Loi80% ARBETS
K Laptop HIX
AR Laptop =k ORI >z T LD
=H Laptop BIK Bns
&H Inkjet Pt. RIK COMERICEFIEHEET S
=H Laptop BiEH & TDERIZES
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'%EI: a 'TI-»E E 'li (Join Dependency: JD)

o I8=E#:R. Fagin [1979]

oR ZMFREL.AB. ....Z% R DEHREEDEE
DEREELETH, ZDEE, RNAB.....Z L
DHEEDIEELFLNEE, ZORFICIRY. RITHE
BREEME*(A.B. ....2) Fiat=7,

o0 FEEREHLZEREEDOER

s BR RO ZEREE A ->— B | CEEmf=3&=m
DEDEIZRY * (AB. AO) %=,

o FEEREEIL. SEREEZ—RIELELD
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EREDHEDE &

o EEIED—#kE
= BRI E—RIELI-L O S EREMS
» ZERBRIEE—RIELIZLONES KRR
0 ERFOEZRDIEEE
= BCNF., 4NF, 5NF OFEEDE L\

BCNF: Bk R DETHOREMERMEN R DIER#HF—IZE>T
BEZoNBHEENDZTDEICERY R L BCNF THS.

ANF: Bz R DETHOEEREMD R DIFEHF—IZL>T
BEZoNBEENDFDEIZERY R (& 4NF THB,

SNF:BifR R OETOREREMEN R DEMHF—IZEOT
BEZonBEENDEDEIZIRY R (X 5NF THS,
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BE5IEF 2 (Fifth Normal Form: 5NF)

o RE# :R. Fagin [1979]
O E&
" BR R DETOREHREMED R DIRMEF—ITLST
Ezond
O ST E S ERAB(PINF) ELFEIEN S,
o AT O EmERFEEBfRIE S5NF T
n 3NFERIEET., T D3N MR ATREMEIL {RFEE. BmA.
Eﬁ%ﬁ%@%ﬂﬁﬁbﬁﬁfili*ﬁ#—’éﬁé-:tI:E\ﬂfﬁéz‘n
ARV

o fEEHRIEE. SEREREEZ—RILLEEDOTH
51, 27T®H 5NF & 4NF TH 5,
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IE R EDRE &R

o 1INF, 2NF. 3NF. BCNF, 4NF. 5NF (Z@& &%

ZHd

m f5:
3NF %53 2NF

m EHR:
2NF DEZ (L. INF ZA1E
3NF OEEIE. 2NF %/
BCNF %5, F—RHEO RN EEHILDRBMEE /L. HFEM
THIEL
ANFD ZEGEEM T BCNF OBEBREEEE —#REL=ED
SNFO#EEHRBMEIL ANF O ZERBHEE—RIELIZED
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AEDBZEDRRIC

OO TDFUFAVEBRETIGNTOERE AL, I A
VBB EZTRAATTEN(F T atiL)
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