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Two relation schemas and their funcrional dependencies. Both suffer from
update anomalics. (@) The eme_perT relation schema. (b)) The ove_rrod rela-
rvion schema.
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1715 14 1 ik

Functional Dependencies (FDs)

0 T?EE%H%%EMEF

— BERAEE KRR

RTE

0 BAECILURER—

PRYINEEMEARMK X > Y - RRERF

SENr - 97F7F :

- BEXEA - RIYEDR - tiEYERX

HIBfE - RI#EBIIAE B KIRA

(functionally dependent) - &t/ A > B

=K = RV IRERE

2022/10/11

- BIFE K-> R
& REABTRIE
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I ge £ (cont.)

0 FABERNRPEBMEMHEK(FD) - SHER R4
ABHNERKDM
1 X EBEMEN A SFEBEERRRIERSI(
primary key) 81 :
1. BB ERNRRPFAABUIIDIEEEHEIKITA

2. ABERUMNESNES AR FEIEE1(RIE U R w18
&RRE D R5IHWM) (ER5IRERSIN&E/IHUES)
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171 5 fx B9 7 B 14

0 FEIZFABIIEEMEN - AP ERFERSEINIIEE
MR ZES - HAINBEMEMRKBIEEAM - 524

-+

o0 F ={Ssn = {Ename, Bdate, Address,

Dnumber},  Dnumber = {Dname,

Dmgr_ssn} }

OJfEE D

Ssn = {Dname, Dmqgr_ssn}

Ssn =» Ssn

Dnumber = Dname

2022/10/11 05Ch 5 Normalization 13/53



Tony Yu

Tony Yu

Tony Yu


O O 0O O

O

11 e T4 1H ik A9 1t 3E 75 Rl

Inference Rules for FDs
; % BEPEB

A2 Bl reflexive rule): If X2 Y then X T Y Rmaazez
R Allaugmentation rule): {X — Y} & XZ > YZ
3R Blltransitive rule):{X = Y,Y - Z} B X — Z
RA(73 :.J_JZTx%ﬁEEUdecomposmon or projective rule ):

X —=YZ} EX =Y Ex >z tifel

IRS (Bt £ AR BJunion or additive rule):

X =Y, X—> 2} X— Y

IR6(E #HER R Hlpseudotransitive rule):

X—= YWY —-Z}EWX—=Z

F%\‘ﬁ?ﬁm
@GPM\E

R1(
R2(1=
R3(E

H+}
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EEEF 2

Review some terms

n H—EABEEREKA—EL ENERES|(key)
—,%ﬁIi’ﬁﬁﬁjﬂiﬁfﬁ(candldate key) - F& 1¢
ey Jaw 1@*1’E__,%§I(prlmarykey) H

'mziﬁ_ﬁﬁﬂiﬁfﬂmﬁ RE5|(secondary
keys)

0 ERERPHNRUAERIEERZEN—S 7D - AlfE
LSRN %5 E 2B AI(prime attribute) - EEUM
H?F__;d‘l% (nonprime)

0 EREEUAZRERSIN—ZoBEARIERSI(FR)
@i (non-key attribute)
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N\

IEFRAE

STEPS : i JpAK (57 T8)

et S EALRELS

e s piR B ) N
- 2 v INT e : ;r‘:]'%chF)

;. 3,&131 k@é— )0 nasr—K

Q. ¥} s ron- ey % Bl BT 1% (3N F)
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| Eminine ]

ARIEFR{CEIBRIB
} ---------------- -+ [ KR ZEIER T (Non-atomic)EENRH ]

B—IEM{L INF Fhascsd PR EE R S E
""""""""" -+ [ R ZER R TIREHI X1 )

B IEBL 2NF W INFHE— IR e SN
"""""""""" -~ [RRZEBBHEKE]

B=I1FML 3NF MM 2NFH S —EFF R 11 ER S H a0 8
§oommm e > [[RZHEDMEHKMEHEENRER ]

Boyce-CoddiEﬁf L BCNF | F—{HRERNR (Determinant) 2 %S

S —— - [ RE ST ]

SPUIE Bk ANF M2 BCNF Hff§Multivalued DependencyBi®R

> [RES kT
X #§EProjection-Join Normal Form; PJ/NF

BVBSAZ SilEHER BRERGHE PELE) 27
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" EERE—RIEERILRE (5 5k [=a]7m57 [2ars |22
HENBMREZHEHEKRRR S 0 |24 Ip1 300
o - P2 200

P3 400

P4 200

\ l PS5 100
CEE 8B P6 100
S2 10 |=5E P1 300

P2 400

S3 10 |= P2 200

S4 20 |&dk P2 200

P4 300

P5 400

BN BSA2 EEH2R BEFRERGSRE FLRD) 29
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— P& LIEARIE(INF)

0 —Bg _fEﬂ:(Flrst Normal Form, 1INF) BYESR : —F
“"’fr-l?f? 2.5.";1NF BIE A BRI i'JZM\ HiE

S A B2 EINEERE 4 (atomic ~ simple -

indivisible)

— INF FRFEHEMUA—4HIE(a set of values)

- R ARAF—LERE(a tuple of values) (% {EH I AR E)

— B INFAREF "ERIRPIEBERNFE (relations within
relations) ; 3¢ " R {URYE S —(EEIEEE R 3R (relations as

attributes of tuples) .
- S 2Z - INF BAE AT EEFEA( repeating groups) gk
ZEERF L multi-valued attribute)

g. SOFTWARE(PACK-ID,PACK_NAME, TAG-NO,INS-DATE,SOFT-COST)
SOFTTAG(PACK ID, TAG-NO INTD?XTE‘SO‘FT'CU‘ST)_
SOFTWARE(PACK-ID,PACK_NAME)
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(@)

(b)

©

DEPARTMENT

—
L DNAME DNUMBE DMGRSSN DLOCATIONS
—
{ | .
4
2 E{HMulti-value
DEPARTMENT
L DNAME DNUMBER DMGRSSN DLOCATIONS
Research 5 333445555 {Bellaire, Sugarland, Houston}
Administration 4 987654321 {Stafford}
Headquarters 1 888665555 {Houston}
DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATION
Research 5 333445555 Bellaire
Research 5 333445555 Sugarland
Research 5 333445555 Houston
Administration 4 987654321 Stafford
Headquarters 1 888665555 Houston
fiqure 14.8  Normalization into INF. (a) Relation schema that is not in INF.

(b) Example relation instance. (¢) INF relation with redundaney.
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@) EMP_PROJ

PROJS
SSN ENAME
PNUMBER |HOURS
S é
(b) EMP_PROJ / ]_NF;F f' :":’é @ § [
SSN ENAME PNIMBER i‘/ mm (Xfﬁ
123456789 Smith,John B. 1 -

453453453 English, .Joyce A.

333445555  Wong.Frankin T T T 6 ? """" re eating group)

Q99887777 Zelaya,Alicia J.

987987987 Jabbar,Ahmad V.

a987654321 Wallace, Jennifer S.

888665555 Borg,James E.
)~ 2
© ) %J EMP_PROJ1

= Teer ] [aupssi
EMP_PROJ2 V —7}%3 Y5

SSN PNUMBER HOURS

Fiqure 14.9 Normalizing nested relations into INF. (a) Schema of the EMP_PRO2
relation with a “nested relation” prois. (b) Example extension of the
EMP_PROJ relation showing nested relations within each tuple.
(c) Decomposing eMpP_PR0OJ into 1NF relations emp_pPr0oJ1 and
EMP_PRO12 by propagating the primary key. 19/53
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i IEINFEFIR A% INF

0 EZEENEM

— FHBIRINFRYE A DLOCATIONS B - MAMEZNEBER R
DEPT_LOCATIONSD - EiG81ZDEPARTMENTHEIEZS| DNUMBER(5MK
i - foreign key) - FABERRIZRDEPT_LOCATIONSHEYEFRRS1%4 {DNUMBER,

DLOCATION}.
Best way

- RUZEEFEUERENRZERSIGES - WA EERS
Not so good

- HUZEERMUERSESHRECEH - 5253 - BIZEIIEERY3E B 4R
DLOCATION1, DLOCATIONZ2, DLOCATION3
o BEZHIPVLBIBESHEL - BT HIRFZZE(null)
0 EEEETH(repeating group) IESR . IR EZRS| - LIFIEINFEERY
1NF (primary key+repeating group KeY)

— SOFTWARE(PACK-ID,PACK_NAME,TAG-NO,INS-DATE,SOFT-COST)
— SOFTTAG(PACK-ID,TAG-NO,INS-DATE,SOFT-COST)

SOFTWARE(PACK-ID,PACK_NAME)
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in A~ 151 -

Students

sid | name c_no title eid instructor | office room
{CS101, { Gt &%, {EO00L, | {FREHT, |{CS-102,| {180-M,
s001 | BEez CS203, EXES, EQ03, ZBE, | M-100, | 221-S,
= CS222, ERNEEEAR, EQ02, mEis, | CIS-101, | 100-M,
CS213) | MEEmiB=(%:t, )| E003,} | ZRE)} | M-100} | 500-K}
. {CS222, | {EREEEZ4%, | {E002, | {&m=EH&, [{CIS-101,|{100-M,

S002 | YL/h& o
CS203} ENES ) E003} | =BE} | M-100} | 221-S}
s003 | === {CS121, { BERLELE, {E002, | {&mEH&, [{CIS-101,| {221-S,
T CS213} WfFLI‘ﬁz‘C.ﬂu } | EO01l} | FRE#} | CS-102}| 622-G}
S004 | &7 | CS222 ENEEEAZM E002 BEE | CS-101 | 100-M
2022/10/11 05Ch 5 Normalization 21/53
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B35 (1ERE - IEEEEN D IER)

Students Classes

sid | name sid | ¢_no title eid |instructor| office | room
S001 | REZ S001|CS101| =r=tfiz |E001| MREH | CS-102 | 180-M
S002 | I/ S001 | CS203 BIES E003| ZFEE | M-100 | 221-S

S003 | ®=* S001|CS222| EmEE®EZ4 |E002| H=E% | CIS-101 | 100-M
S004 | =7 S001 |CS213| M E@iEaEr | E003| ZJBE | M-100 | 500-K
S002 |CS222| EmEEEZ4 |E002| H=E% | CIS-101 | 100-M
5003 [CS203 e E003| FBE | M-100 | 221-S
5003 [CS121 BE AN BN E002| =M% | CIS-101| 221-S
S003 |CS213| M Emizakst | E00L| BER | CS-102 | 622-G
S004 |CS222| EmEEEZ4 |E002| HE% | CIS-101 | 100-M

2022/10/11 05Ch 5 Normalization 22/53
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Tony Yu


S — N
AR (AMx - 5 = A
L5 282\

\gzﬁfﬂ)

Students

sid | name | ¢ no title eid |instructor| office | room
Eﬂé#ﬁ%’fﬁ%%ﬁ PREEFT | CS-102
BEINES FBE | M-100
BREEEAMR mEk |CIS-101
NHEECIE RS FBEE [ M-100

S002 [ JI/h& | CS222 | ERlEEE A4 | E002| #H=E#& |CIS-101| 100-M

S002 | JI/h& | CS203 BEES EO03| ZFJEE | M-100 | 221-S

S003 | sf==F | CS121 Bt A B2 E002| #ZEf& |[CIS-101| 221-S

S003 | s_R=F | CS213 | MH-E@EHEEET | E001 | [REH | CS-102| 622-G

S004 | U7 | CS222 | EREEE Z4 |E002| HB=EME |CIS-101| 100-M

2022/10/11

05Ch 5 Normalization

23/53
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4:@
TSN

= (ANE - fatims - 2
2 1[E 18 1)

\//

Students

S001 | k&% | CS101 | GiEMER | CS203 RIS
S002 | JI/V& | (S222 | EREER A | CS203 RIES
003 | ®”=F | CS121| BEHE |CS213| MHEpizlast
S004 | M7 | CS222 | EREERZA | NULL NULL

2022/10/11 05Ch 5 Normalization 24/53
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INF (Contd.)

SID Course No Course Teacher Room  Grade
38214 1S350 DATA BASE CODD  F101 A
38214 1S465 SYS ANAL KEMP  F103 C
69173 1S465 SYS ANAL KEMP  F103 A
69173 PM300 PROD MGT LEWIS  HI101 B
69173 OM440 OP RES KEMP  F103 C

k INFEVEE ¥ & & (Update anomalies)
1. 5587 - FEE5EHT Course 15465 FY{H » DMRETTBIEZREVE ST
2. BRI A—3 © AT 1S465 HAERE
3.5 EEHTH—ERTERRE( course) - HAMRHRLERE > AR
7B (SID="?)
4. THER : ZEMER SID 38214V 4L 6] » Al RFERE Course IS350HY

ERHERHNBR S &R SID38214 EILERE )
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223 D

2
32 c
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D
| v) A
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— Igl';hIE ﬁ,f b (REERRS TP
Second Normal Form(2NF)

0 B —(ERHERRECKREINF - HFrEIEFEMfr
(nonprime attribute) A 522 THREMEAEH (fully functionally
dependent) fMEfTHYERG [(any key of R) (REEFES| - fRESR) - HI
fE RN R E A 2NF

— PR ETHREMEIRX->Y TR - ERXRILRALRSER - RILEThREM:AE
IR - KZ - BERE » B OERRERS (X

0 2NF —f¥M:ESR (include candidate key) : —{EBEEEE K
INF » HRETRFEEZEM{L(nonprime attribute) A JHEMAFEITIRE
HEAEHR (fully functionally dependent)FMEfRIEYERE [(any key of R) (£l
BEEKS)) > AIfBHLRBERRE R 2NF
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, ~ — N
H INF#RR 2NFRY 574
s
I !
( pack-id ,tag-no ,pack-name , comp-id , ins-date, soft-cost)
I 2r5 1B
I I

1. IRBFERFERS WS GOEE » TR EERS] - SE—HERR
(PACK-ID,
(TAG-NO,
(PACK-ID,TAG-NO

2. LA AR 2 2R (R R M A i 2 = BRR
(PACK-ID,PACK-NAME)

(TAG-NO,COMP-ID)
(PACK-ID,TAG-NO,INS-DATE,SOFT-COST)

CEELINFRBEZ £3R5 R HE—MALAERK - RIBIBERIR2NF)
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=)

EP1

2NF gaf

EMP_PROJ

S

PNUMBER

HOURS

ENAME

PNAME

PLOCATION

FD1

FD2

FD3

T

l

A

L

)

| = g

\U/ 2NF NORMAL!ZATKJD
2

EP3

SSN

PNUMBER

HOURS

PNUMBER

PNAME

PLOCATION

FD1T

1

3NF g5l

L

FD3

[ 3

A

®) EMP_DEPT
ENAME SSN BDATE ADDRESS | DNUMBER DNAME | DMGRSSN
@ NORMAL!ZAT#CD
\U/ Return to 3NF
ED1 ED2
ENAME | SSN | BDATE | ADDRESS | DNUMBER DNUMBER DNAME DMGRSSN

A

|

+

F

+

Figure 14£.10

k)

.

The normalization process. (a) Normalizing EMP_PRGQ1 into Zlﬂg/ggzla—
tions. (b) Normalizing eMp_pePT into 3NF relations.
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5-3-2 AR &I

nVENITEFERERNBEBMERNE—ISIERIEE - BRI
B8 B 35 O A0 E g Students M Classes i E g Bt 3k - 13
= 4GB M 1TClassesFa s RS PEIERR L

Classes
sid c_no title eid |instructor| office room
S001 | CS101 ST E L EOO1 FeR =T CS-102 | 180-M
S001 | CS203 BEXES EOO3 =] M-100 | 221-S

SO001 | CS222| ERlEEIEZR4 | E002 15 = 15 CIS-101 | 100-M

SO01 | CS213| MHEmiEZ=a2sT | EOO3 FIRE M-100 | 500-K

S002 | CS222| ERlEEEZH=4 | EO02 15 = 1% CIS-101 | 100-M

S003 [ CS203 2HXES EOO3 FIRE M-100 | 221-S
S003 [ CS121 B AL B EE EOO2 15 1 CIS-101 | 221-S

S003 | CS213| MHEm@miZ=0a25t | EOO01 FER = T CS-102 | 622-G

S004 | CS222| ERlEEIEZR4 | E002 15 <= 15 CIS-101 | 100-M
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5-3-2 5% _&L

(ThEEFE 1K)

n Classesé Bt =AY 3

= S A INE

cE MK -

- RRACEE

FD3 : eid—{ instructor, office }

-2 =(sid, c_no, eid) -
NN

D1 : {sid, c_no, eid }—=room
D2 : c_no—title

U7 — 2NF

Bt

sid | c ho title eid |instructor| office | room
FD1 f
FD2 *
D3 | 4 4
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5-3-2 55 _f§

O

// Hr-

4

Classes

MR YT Y,
HEHE - A0 NE

(J_" R CAE R

EINEEtEkc_no—titleFeid—{ instructor, office }Aw
iR TERTHWE

FR7R

IEAR{E 2

z:FR s 711

| sid

cC_Nno

\

eid

room

SO01

CS101

EOO1

180-M

SO001

CS203

EOO3

221-S

SO001

CS222

EOO2

100-M

SO001

CS213

EOO3

500-K

S002

CS222

EOO2

100-M

S003

CS203

EOO3

221-S

S003

CS121

EOO2

221-S

z( — 2NF

1E 72 5 B B

S003

CS213

EOO1

622-G

S004

CS222

EOO2

100-M

Courses

I c_no title

CS101 s EtEtElam
CS203 ZEHXEBS
CS222| EREEERA
CS213| MH-E@ZENEEE
CS121 BE BN B2
Instructors

I@ instructor| office
EOO1 PREFA CS-102
EOO2 B CIS-101
EOO3 FIBE M-100
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2NF HY[ERE

PC(TAG-NO,COMP-ID,EMP-NO,EMP-NAME,LOCATION)
TAG-NO --> COMP-ID,EMP-NO,EMP-NAME,LOCATION
EMP-NO --> EMP-NAME

1. 558 © ¥ emp-namel{H » MHZE/DIRR(HEEHEHE)

2. EFRA—2 : E— BRI EEREH T2 HERESF

3. ¥ - DVRSESE— S PCH e B TEN

4. fHES : EER PC 32808HYEF} @ [EIREEjSemployee 611HYEEl

R ¢ W DUREHARRALE R B AL TR RIREEMAL( determinant)
ERS| - BEEH R EEWAL(REREES [BRE)
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3NF

0 EF: | & BPFERIRER2NF » BEFEERE AT
%‘ ﬂ'ﬁ" R RER B R 3NF
B E—BERERERE2NF » HI9FIETXEMALER 14
ﬁﬁ(tl‘anSIthely dependent) PMEMERS (B2 EEK5 AT
RIS ERIRE A 3NF
- BRI RS ZARERRS NEMGES) » FAX->Z B Z2->Y
Rl X->Y T8RRI HK.
0 3INFEY—REMEESR (include candidate key)
H B EFIR R & 3NF » HIRTFEESEREY X>A » HIEE
X->A F71E » HIRARE -
— (a) X & R WYEET [(superkey) B X E &5 VR ES) 2
— (b) A BRIVFEEEMMAL( prime attribute)
nen F”M kR 71"1% Return BCNF
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TR 2NFEEHA By 3NF

1. IR REBERIAES » B—HBEEER - & SHIK
TRILR TE - HIRRAL
2. BCEERE S WAL R BB SR R E 5 |

e.g. PC(TAG-NO,COMP-ID,EMIP-NO,EMP-NAME,LOCATION)

: e GREMP No 7 emp, Nome B9
Replaced by: f ronprine 62 Sﬁé)%ﬁgwﬁ

PC(TAG-NO,COMP-ID,EMP-NO, LOCATIO
EMPLOYEE(EMP-NO,EMP-NAME)

See example
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5-3-3 FRAEE I

o BN ; FBAEEES-3-28nIREEEZ - 1T
InstructorsiEd B =5 — P& IEFR G

Instructors

eid |instructor| o no office

EOO1l | [REFh CS-102 A RS T ST =
EOO02 | m=Ei& CIS-101 = E /O

EOO3 | =FIR=: M-100 |EEHR=ElLTF /O
EOO4 | LPB%HH M-100 [B(EZ=ZTHGTH /O
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5-3-3 £ =P IERR{EE T - 3NF
(¥ L AETZ AHUK)

0 InstructorsEa Bt = S MBITNEER MK - 80 M7

eid—office ¢ ¢
eld—o no eid |instructor| o_no office I
o_no—office f

N 1 A4 =

ffice B4 INE 7|‘E1ZE SeidF i - BE21E
B8 o _NowE BETH KR eid %Dofflceiﬁf
M INEEE kR0 nof=""f \ A
eid—office2EXMEM - W0 FNEFA/R

mh| 4.
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5-3-3 B =PFE1EFREEIT, — 3NF
(J__ ;:E)'ftll\m N
0 EATHE=FEIERER - MEREERERK

A—BIIBE R kM 2RV B 1E 18\ ARl - &
12 1Y B 1L 2 e B R Y 5B

Instructors Offices
eid |instructor| o _no ‘ o_no office \
EO01| MRE#r | CS-102 CS-102 ARSI E
E002| B | CIS-101 CIS-101 | ERESPDL
EO03| FE=E M-100 M-100 (EEZZHEBfLE D
E0C04 | LI5BH M-100
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TRV B — (== BERYINEE 1SR
FD on candidate key
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@) LOTS

PROFERTY _WDe

sor |

LOTw TA _RATE

» *
S /£~m S s
Q@k&?"'é&w’% N~ s

F

h 3
1
o o /55 @ﬁﬁ%\%
Fmp'wrﬁw s w.mf% LO;.
o= 4 | I
L LZ;&TNW_NAME TAX RATE
cos | t
— L O COUNTY ;“E LO; -
L l l

Fiqure 1411

I

Normalizarson o 2NF and 3NF (a) The wors relarion schema and s

funcrional dependencies FiOl chrough F4. (b)) Decomposing Lors into

the ZNF relarions tors1 and Lors2. () Decomposing LoTsl into the
LOTS.

INF relations 1oTsia and worsis. (d) Summary of nortn.alt.aggm of
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IERAERTT

HKGRADE_REPORT=FEIEML » WrEREHEH -
GRADE REPORT

BYE | H% T FHE RS FIE 278 BEES | B

38214 | BRIGHT] IS [IS350 [DATABASE| CODD | F101
IS465 |SYS ANAL | KEMP | F103

PM300 PROD MGT| LEWIS HI101
QM44(J( OPRES | KEMP | F103

B
A
C
69173 | SMITH | PM|IS465 |SYS ANAL | KEMP | F103 A
B
C

H P a4
EBOR ilﬁfi% FE BFEATE B %ﬁ%ﬁﬁi AT TS =E X 45
| 4 | 4

| | S Y

SSRRIME B ISR -1, TRSEATR R 1M
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IERA BT (&)

0 55— 1IE#R1E: BFRrepeating group

25 #xn EE

STUDENT

STUDENT COURSE

2y BIEMRS FIHAHE

38214  IS350
38214  1S465
69173  1S465
69173  PM300
69173  OM440

2022/10/11

FHEAR
B % T
38214  BRIGHT IS
69173 SMITH PM

DATA BASE  CODD
SYS ANAL KEMP
SYS ANAL KEMP
PROD MGT LEWIS

OP RES

KEMP

05Ch 5 Normalization

FHEME  BEEY BETTET

EMES ZEN I

F101
F103
F103
H101
F103

Bl

k4R

QW > 0O

41/53

k4R
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IERAEBTT(&)

A 1INF, WABERER 0 1E ¢k

0 EB_1ERE XG5

STUDENT COURSE
29 BHEMH FEAHE

REGISTRATION
29 BHEMRSE
38214 18350 A
38214 1S465 C
69173 18465 A

B

C

69173  PM300
69173  OM440

2022/10/11

PEME BEIEE

COURSE INSTRUCTION

FHEMAS FH A0
1S350 DATA BASE
1465 SYS ANAL

PM300 PROD MGT
OM440 OP RES

05Ch 5 Normalization

fkéR

BEmE
CODD

KEMP
LEWIS
KEMP

AR T

F101
F103
H101
F103

42/53

Yl
£
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IERA BT (&)

0 E=1ERR{E: "B EE2NFE ERIER 418 A

COURSE INSTRUCTION
REEMRSE 71 H HeEf  HERE

COURSE £\> INSTRUCTOR

BHEAEE FFH A5 BEMYEA FEES  HEsTE
18350 DATA BASE  CODD CODD F101
1S465 SYSANAL  KEMP KEMP F103
PM300  PRODMGT  LEWIS LEWIS H101

OM440 OP RES KEMP
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IERUEBIT- (84845

STUDENT 2 Ef¥ STUDENT(ESE, #+%, £E)

38214  BRIGHT IS
69173 SMITH PM

COURSE INSTRUCTOR
BHEfASR FLH1H ElEipde BEIHEY BT =E
1S350 DATA BASE CODD CODD F101

1S465 SYS ANAL  KEMP KEMP F103
PM300 PROD MGT  LEWIS LEWIS H101
OM440  OP RES KEMP

COURSERIEASE . R H 8, ZiAhgt+ ) INSTRUCTORGEHEI#ESL , ZAFT=E)
REGISTRATION

gk PEASR e

38214 1S350 A

38214  IS465 C

69173 18465 A

69173 PM300 B

69173 OM440 C REGISTRATION(ZS: . RIEREE, )
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Boyce-Codd 1IEFR{E (BCNF)

0 Boyce-Coddl

F #21E(normal form > BCNF) kb 3NFff

B{HEEINFEREE » Bl » 351
TEjE 3NF » 3NFB'JEﬁﬂ?ﬁfﬂi%5EM\% BCNF.

0 B :

B =R Ay BCNF —

—{E BB EORERR - -

ERIEZ BRTIREAEMR X-

>AFIN » XIMRIBE S [ (superkey) (FIXREEFE5(HY

VA

‘)

— BCNFEZ 3NF W& » /BCNFARE INFEYO)ME : n3FA
& EEMA GNFRET » EBCNFAR L)

— BCNFAREFAMEIKINIEE ZMAL(non-prime)BIFHHKBR S

3

2022/10/11

05Ch 5 Normaliz

ation 45/53
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— L 4 * 4
Foz A - [ | 4
!
FDS * 3
\LJ/BC!\JF Norrmalizateon
| LOTS1AX - LOTS1AY
[ PROPERTY 10w I AREA I— LOT* j [ AREA I COUNT Y _NAME J

g
3

_ {BEELOTSIASEIR {LOTS1AX, LOTS1AY} »

l Al el c
ror [FeRFD2
o h R

fFigure 1412 Bovee-Codd normal form. () BONF normalization with the depen-
dency of #1132 being “lost™ in the decompasition. (b)) A relation R in
3NF bur mor any BONF.

TEACH

| sTUDENT | couRss | INSTRUCTOR |
MNarayan Database Aark
Srritn Omtabasoe Narvasthe
Semith Operatng Systems Asreriar
Serith Theooy Scihwilimsan
Walksoo Dacssbase ANoark
Walkace Operabng Systems Anhsenad
wWong Danabase Ormsacinssa
Zlsrya Denaborse Nervathe

Figure 16.13 A rclation veacw thar is in 3NF but not in BONF. 46/53
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ZE{EMHA S 4NF

e.g. FACULTY(FAC-NO,FAC-NAME,STU-NO,STU-NAME, COMM-
CODE,COMM-DESC)

FACULTY(FAC-NO,FAC-NAME,STU-NO,STU-NAME, COMM-
CODE,COMM-DESC)

1L.EHAYE  FEHZR Y fac-no 123EF} » DRE#H2ELL L&
2HEE : Friaculty 666, F5EE L stu. 57384 » HERIMAE—ZRE » Al
A& COMM-CODEAREEMAAIA LS}

3JHERERE © : TER fac-no 4448924 57384 > AI[EIHEFMIER 444°s HSG BYEER

TE ° AL AR € BIE [FR HER (E WA A CERER - RIS &BS
E{EMHEMXA( multivalued dependence ) » ECft A -->->B

B - —BBFERIEREE&RINY - A RIS EEM KRR LRBERR
T EANF
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BRIARY 4NF

RESERER —HBERR - WESFERZERSIGIKR) - &GESEHHE
ZF5 BRI ERS])

FACULTY(FAC-NO,FAC-NAME,STU-NO,STU-NAME, COMM-
CODE,COMM-DESC)

FACULTY(FAC-NO,FAC-NAME)
FACSTU(FAC-NO,STU-NO,STU-NAME)
FACCOMM(FAC-NO,COMM-CODE,COMM-DESC)

* AIRAREINFE - EEERSEEEEE » RIBNFELELRANF

Skip S5NF
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= HHE MK
Join Dependencies

0 —AETABLEZD ZI B 2B TABLEEE & - oJDIE[R
TABLEME[E], BBELEMNAEDEI>2{ETABLE, B& 67 0]
P [RTABLE4E[E]

0 &HHMEMK(join dependency - JD), &4 JD(Ry, R,, ...,
R, FEBERRR  RBERr 288 R, Ry, ..., R,
B

*(g1(r), I gp(r), ..., IT gn(r)) =T
BIR;, Ry, ..., RiBBRZprojection, BIRZEMRR,, R,, ..., R,
ZBREH, n>2 MAESHENK
- HIEEERRE D EIREEERTR - WAED EERERGH

TEWEKRRERERAS - HAESHMHEAK
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£ 50 1ERb
Fifth Normal form(5NF)

1 —EEAEEMZE (45 1E) REBANFE R B a1
ikBIEE % (JD)BIE S5NF £

1 —EREBAZE(%518) R 2 S5NF (8kproject-join
normal form (PJNF)) RIES—& M {(oin
dependency)iEss ERIEERE
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(@) EMP

ENAME PNAME DNAME
Smith X John
Smith Y Anna
Smith X Anna
Smith Y John

(b) EMP_PROJECTS

EMP_DEPENDENTS

JD(R1, R2, R3)
AT R BB BORR A

ERBERED

=y

il

NATURAL JOIN )&¢&r

ENAME PNAME ENAME DNAME
Smith x Srmith o EEEZSHINER HRFE
Smith Y Smith Anna
3ﬁﬁﬂi%~ﬁﬁ S
(c) SUPPLY [ é
SNAME PARTNAME PROJNAME l:l Y, EJ I @E _g%m
=X\

Smith Boft ProjX g;[el»

Smith Nut ProjY

Adamsky Bolt ProiyY

Walton Nut ProjZ

_Adamsky = Nail | Proix  _ _
Adamsky Bolt ProjX
Smith Bolt ProiY
() R1 R2 } R3
SNAME PARTNAME SNAME PROJNAME PARTNAME PROJNAME
Smith Boit Smith ProjXx Bolt ProjX
Smith Nut Smith ProjY Nut ProjyY
Adamsky Bolt Adamsky ProjY Bolt ProjY
Walton Nut Walton ProjZ Nut ProjZ
Adamsky Nait Adamsky ProjXx Nail ProjX
Figure 15.4 Fourth and fifth normal form. (a) The emp relation with two MVDs:

ENAME —>> PNAME and ENAME —>> bDNAME. (b) Decomposing EMP into two
relations in 4NF. (¢) The relation suppLYy with no MV Ds satisfies 4NF but

does not satisfy S5NF if the JD(R1,

R2, R3) holds. (d) Decornpﬂiggg

SUPPLY INto three SNFE relations.



Tony Yu


join dependency iy

N

R2 R3
sname partname sname projname partname projname
Smith Bolt Smith ProjX Bolt ProjX
Smith Nut Smith ProjY Nut ProjY
Adamsky Bolt Adamsky ProjY Bolt ProjY
Walton Nut Walton ProjZ Nut ProjZ
Adamsky Nail Adamsky ProjX Nail ProjX
\/ ‘

SEFfREER &, FroAURMEIESNE,
sname partname | projname 2 B DADE SUPPLY 53-8k R1,R2,R3
Smith Bolt ProjX
Smith Bolt ProjY I sname partname | projname
Smith Nut ProjX Smith Bolt ProjX
Smith Nut ProjY Smith Bolt ProjY
Adamsky Bolt ProjY Smith Nut ProjY
Adamsky Bolt ProjX Adamsky Bolt ProjY
Walton Nut ProjZ Adamsky Bolt ProjX
Adamsky Nail ProjY Walton Nut ProjZ
Adamsky Nail ProjX Adamsky Nail ProjX
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EARS SNF

0 B LEREEEMEKIRIEEIR - FILL - B
FRD=RE5NF
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