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1. DB

1.1. DB

1.1.1. DB

1. DB
DB(Database)= 4o #HEHo] Ql, 74“E770}] Z]ZFEH, main memoryof] HE 2ZFE] 7|0 HHIF A
o]} A% —OL{%(HDD L SSD)& "R & Sk data®] HPHY. DBOJA= &% data #e]E 9I5F o] 2]
e 25

ojm datar= H]ilZ %42”3"53 27O HEE F2A]) o':oz’f —77077’ 437571_ Stmctwed Data?} /“77’#7}
Zx5ta] AL
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2. DBMS
DBMS(DB Management System)S DB} 2] ZFel HHEE] o 4] o] E HE|sl= £ ZEYo]9). DBMSE
DBoj] { ¥ &5l 7& o= A&

ZfY & o2 DBMSE query processorﬁl- storage managerZ 7=, Query Processor= query X]&],
authorization, authentication 55 % 2]5l= —,’:—’——’,:’—O]_ﬂ, Storage Manager+= tlJo]E] X3, A, trans-
action 2] 5& £e5l= A AH O] slof HEO]

DBMSS] A1-go] T2 o] F2 ofefs} 2. ofis B3] file systemS BEY

padye) Ke)
T A5

-~

o) vluste] AYzhe

1) data abstraction.

2) easy accessing data. DB language 55 E-§F AFSXF QlE]Ho] A& A|-&¢El

3) redundancy/inconsistency control.

1) 1C 93], IC(Integrity Constraint, HJo]E] 224 AF27 )= Hlo]e]7} BEaof sH= Z79).
5) atomicity of update.

6) concurrency(-=Al4) control.

7) data security.

8) data backup.

g2, o]Hof §h59F At X (Data Structure)= main memory?h-S &-8-5)= 2F2 1R 9 data A&
s 7149,

2 Aol M AlLH QRO A e DB thsf A thF 4L, o5 Hlo|EfH] o] 22 G A AT R A
HE DB HisiA toh&7. =, o] F=AollME AREAF B4 e] DB AFGHE =

1.1.2. Abstraction And Schema

1. Abstraction

ZIRFsFolA] Abstraction(F4f3H)E o] H ti4FS LYEIE instance 2R E] 58 Y-S Ealols Y.
oJaf o1t level(+-2)°l1A] abstractionsfrFoll Tz} S8 5 9= W7 Gl

DB tjsl abstractionS o2} ZFro] 37FX] level 2 L. ZF levelo] A] o] 20]X] = abstraction& DB
of mep geld 7 Qs

1) Physical Level - 93] Hlo]El7} B8] .02 of @A 4p5h=x] LI 4.

2) Logicl Level  1e1E) 4o15] TS 212122 ERD A

3) View Level : logical level®] HJo]E] & E73 Al-gxlojA] Dot glo]e|ul-g LEIW 7. = F3F
logical level9] abstractiono] Tj5f] K}—Q—Z]-Oﬂ US]-E]' o 2] view level abstractiono] EXeF = QS




AF§-AFE view schemag -§5fo] §-§ L2785 s H.
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2. Schema

Schema(A7]0})= DBO] =24 T 238 728 ERE SAE T 3 4401, Instance(?]

LE2)E DBOJJA] schemao] mpef 213 QA gE (o).

schemai= DB2] 50 nfe} tpe 7 Fo] = 5 8. HelslAlE DBE $-§15] instancei= H7] 57/
HF AT, schema= 3 W YA F v} oS-

DBoj tjjaf] 3 level abstractiono] A= H, o]of ufa} 3TFA] schema 73 (Three Level Schema Archi-
tecture)7F A4 E. =, abstraction FLof o2 A E71 EXfel= 4. ESF schema AFO]2] mapping
o] EAgl.

f f Y
view level | Viewschema, | | View schema, |

\
view/logical mapping™._

.
—_——

logical level Logical schema
logical/physical mapping
(—‘— \

physical level | Physical schema

AF2 DBSE= 7] 2z 02 o]& 3 level®] schemaS X|Yotcld $F.

3. Data Independence

3THA ] schema FXE F-E5IH dataof Hi¢l independence(EHA)E A3 + U= data inde-

pendence= physical independence2} logical independence® FE%. Physical Independence= logi-

cal schema®] ¥7 glo] physical schemaE HF S 4 Q25 9Jn]5l1l, Logical IndependenceS view

schema ¥17 1] logical schema& HZ e
z

AR
g2 E o] A2 DBSLE data independenceE 2 |-l SF.

.1.3. Data Model

1. Data Model

Data Model& tJo]&, do]e] 71 g, dlo]el<] <), tjo]e] Aok 52 HolsHe specification(GA)
@l ko)l 2|3k schema+= data modelo]] g Hd B4 © 2 o]gfleh = QIS

ofefje} o] o] FFOl data modelE°] 55 data modelo] Gt H 22 fo]E of& DBSMo]
ohdla] Dk o

1) Relational Data Model

Relational Data Model(#AE tjo]e] BY)2 713 Tro] A& EE data model2, DBE of 2] fjj4l7}
71 Afolo] A= HEE ek

2) Object Relational Data Model




Object Relational Data Model(ZJA]] BAE d]o]e] 2 )2 relational data modelof] ZIAX]FZ @ 4+F
ZI15F A Q). o] F2 A2 relational data modellr X YsF= F-7F Errlad oF.

3) XML Data Model

XML Data Model:2 XML-S &3] tjo]elE& HEH5F= data modeld]. XMLE 2] gjo]E 4L
LIt HE 7|2 AFEEH, of2] DBSOA] o] F ] eelriil ofF.

4) Entity Relationship Data Model

Entity Relationship Data Model(ER Model)2 HJo|E|-E entity(object, ZYA])L} relationship(HAY)
© 2 HH5F= data modelQ]. H] & Z=AFZ 0] 2119 modeld].

: %
|yr_4ar!

| Shudent Course
| y

siD - — < Tahes >——

name ither

rotalCrodit o dapiName

2. Data Model9] YA}

DB2] AF-g o] A= file systemS -1, 1 0] data model:2 network/AH|5 data model, relational
data model, object data model, object relational data model, XML data model 50 2 Y359

3. DB Design

DB Design(d7])& QA of2 2 Z 2] schemag = I 02, logeial design@ physical de-
sign.© 2 L. Logical Design2 logical/view schemag& HdAol= Z10]11, Physcial Design-2 physical
schemaZS GA5FH= <.

data model:& 2-§5}% DB designg YT = & F=2 ER model:S A3l design gl 3F

1.1.4. DBS

DB} DBMSE &&°] DBS(Database System)o]2fil o YA Z& DB, DBMS, DBS 2} §-917} in-
terchangeabled]A] AF&-EICE GF.

DBS= 059 file system.0.2 FH = 797} AyhHo] 1, o] H9 DBSi 5Hpo] AR} process?.
DBSE 3] ofelo} 22 22E 7l

Liser Usar User
l -
X
o F i
/ 1 / hY Id
}Is pplic &ltH'Jn1 |ap|_:||[ d.Tt[}ﬁ . | application |
F L ,I.l
" / N4 L
4 H““; ,L-_’"‘/'"_ T
| rauety Processor |
-
DBMS | -
servers | Storage Manager]
s
T A

on
lo
al
4
S
et
I
%0,
Ojo

IESH DBSE gjo]E] o] x]%F Q] =]of] ufa} centralized, distributed, client-server
DBSoIA] X ¢oh= dHFA Q] 7]5 W AlH| 252 ofe o 2.
1. DB Language




DBMSE AHgA1Eo] 5 ALHE B8 7 EF SQL, BAHF 52 DB Lnguages 2| A%
Vg FRIA AGEHE AL SQLOE, AFGAHE o] B3] applicationS /e

2. Data Dictionary
Data Dictionary= schema, A|2F, authorization, A% FH 5 DBoj 4ot metadataE =

H H o]
T oo

3. Transaction Management
Transaction(EZH )& DBOJA £ 7|65 Y0l operation®] {3l DBS= o]& & #Fe]sjoF

o1 3
or.

transaction management= concurrency control manger2l recovery mangerof 25 aH=. Con-
currency Contorl Manager— of&] transaction AF0]Q] concurrency(-&AX7) ZA& *2]5Fe] DBO]
consistency(YHY)E FA|ol= FEZ0] 1, Recovery Manager— transactionofA] 2} Aoz} BFAIs}
= G- o5 A e]ofo] consistencyE Aok 2.

4. DB Users
DB user(AFgAL)E oFefs} 2ol B F}XE 2R 4 9l

1) Naive User : DBE &-§3= applications -E3f] DBoJ] o= AFEAF.

2) Application Progrmmer : DBE &-835[-= applicationS 7Eol= A&}

3) DBA(Database Administrator) : DBS9] HE Hels 7} 11 Q= #e]2}. schema Fo] I +7%,
authorization, A|oF 55 2] g}

oo

FHIE meta-t= ¢ A 1zt u19). Z, metadatas data®] 1 S B data, Blo]elo] et dlolel S
SEE

1.2. Relational Data Model

1.2.1. Relational Data Model

1. Relational Data Model
Relational Data Model(BAE djo]E] BH)2 DBE relation?} integrity constraint9] HF-502 FY
ol data modelQ]. 72 02 Thofx] @A AR DBSOA] ZFg Bro] AFgE= data modelo] 2}l

[e1 3
of.

relational data modelo 4] Relation(HA])L tuplel] e} (set. 5E/4 5. )02, ofgfe} Zro] o]
o]glof fier 2 HJE. oJufo] z} WS Tuple(El-E), &5 Attribute(£4)2F1L gF. relation, tuple,
attributes= ©f YHF ol g2 table, record(row), columno]2f1 L gF. ESF relationo] ZF3I attribute
o] A& Arity2fal oF.

Intergrity Constrainti= G| B o] FEG(F=ly, =g, deHg)E et Aok

| siD n.';r;e -gende.ri deptName [ year GPA I toia@r-m..ti-t.:sml
[152| Ericlee | M | ©S | treshman | 354 | 15 |
201 | Sam Kim Mo EE senior 3.89 103 |
| 301 | John Park M | Media | sophomore 413 38 I
157 | Alma Lee F Ccs freshman 2.57 18
154 | Joan Lee F Ccs | sophomore 1.80 58

Student relation

2. Domain

ZF attribute= domainS 7FF. Domain attribute] gto=2 5]-§% 4 L= ko] Farel. oju z}
domaing o] §2S YHEFYE nullE default= ISl Ql1, attribute gHo] QJEEx] gfe HEO
nullS o= 714

ojm] domain®j £5l+= k= atomicdfoF &F. Atomicofrf= A ofg gko] ©f o] 4 Eofgd = ik
A, A& 5], J/H/ERFL /A7 5 atomicdldl, set/bag/list & 2] Ho]E[E Z o}
L atomicslr] o2

= DBSOJA HE domaino] Hieh Fof7} @ 2HsHA] o] Fo]R]i= A oFd. attribute”} 71X =




o

A ZFTF integrity constraint®2 o] -FoHA] E 4+ 1

3. Relational Schema

Relational Schema= ofgf2} ZFo] relation?] o]-EF} siGlol= attributel] o]ES LYol A9, o]=

diagram 2 A EFE 5 Q5.

R = (AlvAZa"‘ ;An)

olgA HoJE schemao] tidll domaino] FE&sl= gl Xgro] EAe = Y0, o|E Relational
Instance2l1l &F. o] & Eof, 99 FEoJA] relational instance= 57 ¢]. relational instance= domain
22 989 BE 2ol e HEYFU, 2oL ofelet FEYTE relationo] 1 H o,

o]o]] mfa} o]g] HFR]o] relational data modelo]2f1l E2]A] E Ikl oF.

IESF relational schema= integrity constraint X 3FoF.

HAE set/bag/lists BT 23 Ho|ElE OISR 7. st Fo] QT A7k EAGHA ers Hlold
F50|1, bage Fo| 7Psoka A7t EAI5HA gkt dlolel Rgol L, lists 8o 7hsati 47t
ZAfet dlole 74,

1.2.2. Relational DB

1. Relational DB

Relational DBSOJA] Relational DB-= relationX} integrity constraintQ] {eFo 2 FYEE= Ao &
O]} relations ofef et Zro] e £~ QIS

relational DBOJAE relations} tuple 2320] sl 241k SS1AT ZA5HA] 2L o] wfet o
oJE] o] Al o]t gt

[ professor |
S — plD ===
department \[ name W
deptName ‘E\‘jl deptName [
chairman ———— | salary ‘
| |

building | [ | IR pID

budget [ T —— — D

teaches |
|
|
[ student | 1
| Ssudent, |
| siD
‘ name

semester

year
classroom

| course

clD i gender |
title

deptName i
GPA
credit | |

deptName ‘
| totalCredit |

2. Key
relational DBA] Key(?]):= 3L} o] attribute®] HeF2, relation W] tuples 4'F5}7]
relation AFo] o] P14 Ho) AHEEE 849,

Super Key(7+3 7] )&= relationo 4] tupleS 7 YolA] A = QUEE 5l attribute] (K
R). E$l Candidiate Key(FH 7])= super keyol A2 LS FXoFHA] minimalityE 2FH SF ke
9. olmf Minimality:= keyE ¥ o= attribute 5 Spetx A AoHH 2GS Y= YHE 29

o = L .
= =, minimaltiy—=

L

N

O
F.v@

£,
=2
RS
A
2,
ku
il
il
8
3
=
U
E.
By
g
<
[‘l(~
2,
ku
I
i
R
3
lo
8
3
f=pl
g
aQ
M
N
~
e,
+
39,

minimal(F29F) 0] ], minimum/(&4)o] olY.

relational DBOJA] AA 2 tuple 2]H o) AFEEE keyE Primary Key(F 7])efxl gF. o]= 9Jo] 78
oA Wz FI|PL. oju of&] attributeE primary keyZ = F-29] key= 4 attribute=2]
s f& (concatenation)o] 2, AZe HA g HE 5 glojk 7N & A= FE 5 U5 DB
A Alo]] primary key= candidtate key 5 ofLFE 1€ o X]F 3.

relational DBOJJA] TFE relation9] primary keyE ZZ58Fo] = relation AFo]o] HAIE HA5F= at-
tributeE Foreign Key(2]2] Z])efxl gk o]of foreign key= A2 CFE relationo] tfjs)] o]H E3J¢l
tuple AFo]o] BAIE Ol E 2 primary keyE FFZo)oF eF. BFOF relation(A)9] attributeZ} CFE re-
lation(B)2] primary key ZFS 7FX] 12 U&= F-%, A= BE FZ5lE= relationo]2l1 F.




3. Integrity Constraint

relational DBOJA] 9] integrity constraintof= A& 02 ofgfje} Z+e ZEo] <.

1) Domain Intergrz’ty Constraint : ZF attributer= 2% domain 9] ZEFS 7FXoF oF. =, zto]
A2, Bl P4 SOl ek AoFe.

2) Entity Intergrity Constraint : relation WOJA] tupleo] 7oA +HE 5 ¢lofoF gF. =, primary
key= null g2 7F2 £~ gl31, 1-9-5foF g}

3) Referential Intergrity Constraint : relation AFo]o] BA(HAZ)o] G FaFloF oF. =, foreign key
I} A tableo] ZASHE Gz} LA nullo]ofoF F.

4. Data Dictionary

Data Dictionary(t]o]E] AFF) E&= System Catalog= DBSZF metadata-g #e]ol= GO F7F
relation, attribute, integrity constraint, AFEXF FJH, E4], physical information 5= 3 gFgl.

data dictionaryol 4] metadata= of2i2} Z+o] table(view) FEfZ Fe]H.

— —

N
Relation_metadata | Attribute_metadata

relationNam
| relationName ‘——"*—*? N
| numberOtAttribute E mﬁ?ag‘e
storageOrganization oaltion w
location i l’:()en th
owner g
T recrensm |
| Index_metadata l- User_matadata
| indexName userName |
relanonName password !
mdexType group |
| indexAttributes

Al DBS= AFSRFOA] SQL-S &85t data dictionaryZ2 2] HZ(F 2 read-only)S A&

1.2.3. Relational Algebra : 7]& HAt

Relational Algebra(FA] 4 )= relation, constraint 50f tjgF 94K 2 relational data model2]
2

2ol relational algebradfl= 72 Z 02 Q& /AFA] /47 /H A ¢ilo] Ql=t], of 7]of A= HAH oilak
0.

relational algebraoll= ofglo} Zro] 67]77_,,7 7] H odglo] ZaJ3F. ZF ¢dgFe Qg oz shf E = 7o
relationS HFol A 22 relationS &8 o[22, ZF A4Re £ /¢4 (Composite)slo] 3 H = US>

relational algebraolli= F&o] EAJSIR] g2 (of7]oA o] A Fol H|HEZQ]. ). HAZ 4§ DBoJA =
o]Z g o 2uk 2] Ys}al, AFERFE relational algebraZ}F oFd SQL-E Al-&38Fo] DBoJ #+1g}.

1. Select

Select({18]) Atk 2 relationo]] fjof ]3] 2H& 5ol tupletls F&0 7749 relations
=99k

op(r) = {t|t € r and p(t)}

oJufl p&= Propositional Logic(FA] w=2] )& E &5l Selection Predicate( 8] ZH)2, term = term
o] JAR ZHE. Term(F)S '<attribute> op <attribute>" F= '<attribute> op <constant>" &
o, op= =, #, <, >, >, <2 F 7} Y. ZF term< /\(and), V(or), -(not) o2 HAEH -+ O’,S.
12, propositional logicof= "HE0] gl




Relation r A B]C|D
a a iL 5
a a 5 2
B B 12 12
a B 23 10

Oa=g~D > 4l c
a 1 2
B B 12 12

2. Project
Project(F %) 922 /8 relationof] Tjsf X3St attribute TS FE38) T4 8F relations &8¢l

A, 45,4, ()

relations2 tupleof tjl seto] B2, Ak o] & FHE]= tuples A A H.

Relation r A B E

a a il 5

a a 5 2

B B 12 12

a B 23 10
nA.C(r} nA,B(r)
A A B
a J a a
a 2 B B
B 12 a B
a 23

3. Union
Union(gF8F) G4RE = relationd]] thal tupleL g}
FABF relationS 3]

do

142 Aol GHEL +UeH, o] 2 Fol

r

rUs={tlter ortecs}

olmf = relationo] 7FZ attributel] 757} Zrofok 5111, -& &L attribute?] domaino] B 8lE]o]of
gl o] &= intersection, differencedAxE &l

Relation r Relation s rus
A B A 8 A B
a 1 a 1 a 1
a 5 B 12 a 5
a 23 a 23
B | 12

10




4. Difference
Dijj‘erence (A1)

2R F relationd] B3l tuple FE 247 FFoN] AU+, o]F
B35l LA oF relationS =

z9%

ol

r—s={tlterort¢s}

Sl Al gelet 2122, oluj 7 relationo] ZF{l attribute®] F=7} ZofoF 5lal, Hj-§-E= attribute®]
domain©] & 2lE]o]oF BF.

ol

Relation r Relation s r-s
A B A B | A B
a 1 a 1 l a 5
| a 5 B 12 a 23_}
| a 23
sS-r
B
B | 12

5. Cartesian Product
Cartesian Product(ZFEFA]QF &) HAES = relationof] T s} tupleS sFLF4] 7}X19—,1 14 (concatenation)

gfo] BFE £~ Qe HE Jl5ol 9RO 2 tuple2 4ol relationS =8¢

rxs={tqglterorqes}

olu] = relation-2 attribute’} A2 disjoint(RUS = 0)3}JoF
productZF oFL 2 natural joino] .

ol

b =3 attribute”}F ZSHHA cartesian

cartesian product 0] arity= = relation9] arityE T oF Ao] E] 11, tuple9] 7J4E = relation] arity
= &9t Ao H.

Relation r Relation s rxs
A B G D AlB|C]|D
a 1 a il a 1 a i
a 5 B | 12 a 1|12
a 23 a 5 a il
a |5 |p |12
a 23| a1
a 23| B |12

6. Rename
Rename(REHEH) 2RS35 relation(E)oj] T3 relation o]-&(X) E= attribute O] (A1, Az, -+ , Ay)
S A2 ]G3} relations =23

PX (A1, A, A) (E)

)

constant é#‘)r A T2 & AAdstH e, BE of7|oAE EFo] AT AR o] wxtdelH
L-H ﬂ ll||§ _]—1 —c?:][-

BA| ol A1) Retrieve course titles that are offered by both "CS" and "EE" department.

-> O] 7:1"’— SeleCtE Udcptname_"CS"/\deptname_"EE" (course)ﬂ- 71—0] /\]——Q'O]'L /\1A§ iy _/l\‘ 9&)\

Holz|qt o] F FrEoh= tuple o9 attributeZ} 5 7H9] 3h-& 7FAoF stE= tlﬂg & ‘Si%. = El
deparmento]] ot %}C% F23F Hof ngtsfoF g

mlo
d
e
il
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FA] o]l A]2) Retrieve pairs of department names where the budget of the first department is greater thant

that of the second department.

-> cartesian product® RE pairgE AJASH T, select2 H| W lo] AAGH A FE6HH H. o]0 cartesian
producto]| A= attribute} ZX]H <F HEE’E renamesto] AArsfof &t
1.2.4. Relational Algebra : &7} A4t
relational algebra Q] £7F ARFEo]] glg)] QrofH X}, o] HRAFEL B 7] H oilo 2 gix7} 7}5sFE 2
algebra®] expressive powero]] HeFE FX1 ¢k, Hero] Helehs fe A9,
ot ol A A= Join(Z Q1) 5 7 0] 4} relation& 57 2] maf g ARFY. joins 27
inner joind} outer join 2 L. Inner Join(HF £91)2 join 2o W tuple?r g-85}9 relation
S &gol= WA 02 theta/equi/natural join 590] U= outer join< O]-E}]Of]k] sl
1. Assignment
Assignment(8g) HLRE relations eHgofe] B3l querys Y o F7F AE A+ US-
A < relation
EQF rename AL} oHA] AR50l o] 55 2ok AFge = S
2. Interaction
Interaction(ZE) 4R2 = relationof] s tuples e Y42 FHFolo] WS sk, o]
2 o) 243 relations ZF. ol oo 47 go] K W] difference Fiho2 ThAH

Qomiz =7 ey

SrollAl Fajet 21X g,
domaino] S 2FE]o]oF SF,

ol
G2 joing.

Equi-Join(5 £ ¢1)& join £
=2 o]Eo] HR|E attribute=

join®l. o]o u}g} o]F0] HX|+= attribute=
=, of 7] A= relation®] o]

rNs={tlterandtest=r—(r—s)

Relation r Relation s rns
A | B [ A [8] | A | B
a |1 a | 1 [a |1
a | 5 B | 12
a | 23
3. Theta/Equi Join
Theta Join(AEF £91)& = relationo] Tj8f cartesian productE 5=

o) B

2.2 gfo] Bolb Ao & attributeS FLEFL.

rixg s = og(r X s)

27 BEE

12

olof = relation©] 717l attributeQ] 7)5=7F Zrolof 5111, of-& &= attribute2]

Jol &) z]4st X0 2 select
Al relationof Al A2 CIE attributeZ &

CE

ol& ZHg L= ¢l

= ZXA(=)o28F o]20]Z] joinY. theta joinZ] OFZF7LR]
relationofA] A2 CFE attributeZ 573ol7] H 1, o]&
RIS grg 3l o] attributer= L2 ¢FRl Z 0] natural join%.

48] project




myProfessor l>'qmyi’rofessc):.(.:uID>rr|yTead’wes.pID myTeaCheS

myProfessor plD name deptName myProfessor.plD name deptName | myTeaches.pID courselD
10101 Sam Compuner 15151 Mozart Music 10101 CS-101
12121 Wu Fman.ce 15151 Mozart Music 12121 FIN-201
15151 Mozart pusic 12121 Wu Finance 10101 Cs-101

myProfessor DX . professor pip=myTeaches pio MyTeaches

myTeaches pID courselD
10101 -1 e
010 £s101 myProfessor.plD name deptName | myTeaches.plD courselD
ikl il 10101 S Comput 10101 Ccs-101
am omputer -
86868 BIO-101 i
12121 Wu Finance 12121 FIN-201

4. Natural Join

Natural Join(RFH £ 21)& equi joine] AIFoJA] join attributeE SFLFQ] attributeZ &3l join®]. F*
FH o2 E F=Ast o]E9 attributeE join attribute2 ] oF11, = relationo] T join attributeo]]
E Yot ghE THRERE join 2= Bl

« R=(A B C D) S=(B D, E)

* rXs: I_[r.A, r.B, r.C, r.D, s.E(Gr.B =sBarD=sD (r X S))

Relation r Relation s ri<s

A|B D B|IDBD|E A|B|C|DJ|E

a|ll|a]a 1]la|a a|lja|a|a

B|2|vy]|a 3|a|B a|l|a|la]|y

y|4|B|b lla]y lall]y]|a]a

all1fy|a 2|b]|6& l[al1]y|aly

512 |p|b 3[b|é ls]2[p]b]s
0] Ao Al 2F = Qlzo] Bk 9] join £S5 2SR Qal(FolA Uss.), B} relationof A join
attributeZ} SF HAOF L}2.

GASIAI L natural joinol tfdlAl= ofgeF Zro] associative(ZeY )Ll commutative( 2y )o] 4
1

o, o!
Olt

o

(AxB)xC)=(Ax(Bx())

(A B)= (B> A)
natural join& join % 7} E1A AHEEE Aol §. F relatione FAL e o
AFALHA Aol sk

5. Outer Join
Outer Join(2]F £21)& join XS B U= tuple’ -§5}9] relationS &8 o= joing.

.

= 0. =, Joimn
S 95k Apo] join Z710] W] S tuple 5 EFAZH], o]o] wfet Fi £88 oFg 4= 1L,
join E71el G| QH= tuple EFAIZ)= WAe] ufef ofeo} Zo] IAE s 4 AL tupled

AR g gro] EASEA] Y= attributeofli= nullS 5.

1) Natural Left Outer Join : Q&F 2R X o]l {1Z relation] B-E tuple> Zfof] ZEFAIZ].
2) Natural Right Outer Join : 94F ZFA Aol @ EZ relationo] H-E tuples> Zrfof] ZgFX|Z].
3) Natural Full Outer Join : 94&F ZH4 X|oj] = relation®] HE tupleS ZArlof] ZgrA]Z].
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6. Division

Bo] BE tup

Inner Join

myProfessor _IX| myTeaches

plD name deptName courselD
10101 Sam Computer CS-101
12121 Wu Finance FIN-201
15151 Mozart Music null
myProfessor {_ myTeaches
plD name deptName courselD
10101 Sam Computer Cs-101
12121 Wu Finance FIN-201
86868 null null BIO-101
myProfessor _[X[_ myTeaches
piD name deptName courselD
10101 Sam Computer CS-101
12121 Wu Finance FIN-201
15151 Mozart Music null
86868 null null BIO-101

Left Outer Join

Right Outer Join Full Quter Join

A B

Division(U+& )2 &L oF o] &9] attributeE 7} = = relationof] tiefA](==AtHZ A, B), A2 tuple =

=
lev}o] Zgfo] Aol tupleRls =Eol=, o H |+ attributes= A 2ol &2/

r+s=1Ig_gs(r) —Hr_s((Hr—s(r) x s) —Mr_g5(r))

1 i 7
5 ol
A|B|C|D|E E A @
a 1 a a 1 a 1 a
a 1 Y a 1 b 1__ Y i N
gl LIyl ]a
AEARALER S r+s
Bl]l]ly|Db]|3
yil1|y|a]l
¥ 1 y b 1
Y 1 B a i
r

BS] BE tupleto] Zgto] EAaoF sto 2, MG AE ¢oafd B attribute g A9 at-
tribute FJgHo] -2 gko]ofoF .
dlE Eof, division HXRS r(sID,cID) + s(cID) 502 EX =S n= 2716k 514
ol Rl ALEE

A A1)

14




+ Retrieve professor names who teach in the Fall
semester of 2020 together with the course titles that
the professors teach

* myCourse « pmyCourse(tID‘ title, newDeptName, cred\t)(course)

= “name titie(Gsemesterz‘Fail’ A year = ‘2020.(pr0fessor N teaches N
myCourse))

* nname ntle((csemestpr*'FaH‘ A year = ‘2020‘(teaChes)) M professor
myCourse)

A]
G O] A &2 o] 59 attributeZ joind 4 95 7]l M E deptNameg 23] HHH—;FZ] o
22y Ayt EE % (deptName professorﬂ} courseQJ 42452 Yety = Zol 28 A dX|5hA] 9

). join Alofl= o] Fo] HA= attributed] ou|E & Au 1, join%H QHHE= 73‘—?— rename3dj] o
o]-

-> o] A= joing &-85to] 7| AT 4 UAITE, natural joing ARE-SF] o] relationg A=
= o

F O

1w =

ﬂ

2. SQL
2.1. SQL

2.1.1. DB Language

-rr'"b’ I o),

DB Languagel= DB} 1 A-§2F AFo] 9] SJAMLES 91T ¢lo]e). o] 753 Pn £ W] BES
ARG 27 5 42

1. 753 B~ £

7] =2 ZFF oAl DB language’—,:— DDL, DML, DCLZ 7E¢g &+ Ql2.
1) DDL
DDL(Data Definition Language)-= DB schema2] ZZFS o
tegrity constraint)of] et A /AA /478 & el SE Y& data
DDL-& o]E XAl 7] 5L gf
2) DML
DML (Data Manipulation Language)E instancel] X215 Gysls FH Y. instanced] tfer A4/
A/ 23]/ 55 TR ARSI o] 8835 DB queryE HYSFERE o]F query language
a,’l- S o’—
3) DCL
DCL(Data Control Language)= DBS9] schema®} instanceE A|&JeF C}E AFE XZlol= FH Y.

|

transaction, session, recovery, authorization, user H2] 5 39}

2. glojg] HEH B4 B A £

o] ol G4 DA DB guagels B33 c1o]g AT ol HFE + U5 B
o1o](Procedure Language)i= Hlo]e] Xelo] tfet 7A=el Huisp G2HE Galsla, H]HZ}3 olo]
(Non-procedure/Declarative Language)+= BFEoJLf Fz} glo] T QoF GJo]E]aRS HAJE

H[G2p=] Qlol& %*E’J HAg oAl Hesfo] xj2fse]of sfEz 1+ o] of G[uk, oA
AFGRE el A= GApE Qo ot Halgl SQLS HIEAE ¢1o] 9.

schema(relationZ} in-
ictionaryoj] AZFE[B 2,

o 12

2.1.2. SQL

1. SQL
SQL(Structur@d Query Language )& relational data modelS 9J¢F DB language®]. ©]+= DDL, DML,

DCLE BF Egtopv], 1500] 23 0] AHG-H 2. o] BAoAHE IS0 Fel SQLEE 7]yko 2
/(‘71-1707-.

of7]ellA] Queryi= DBe] gt Aol 3 5 +93h7] $la) Ashs HE R,




relational data model:S 2]t Ofofi
ShAlut, 4§ ALHA T o
7|20 2 SQLOJA= A2 AF F420]

relational algebra2l Z+2 pure relational DB language EXf|
T 71 Bl AHEEIE 2ol SQLY.

_Z_XHO]—Z] 07'_7 1:1:]—_‘?_.11 O]-o]] XI-/HO =

T

BRG] Al 7

2o AT WLEE SR o7 HLNIEE Lrh T
of7]ofl A ke SQLY 7} BFL 7 B
SQLAA (= Ak 24128 214, AH query ], T4 55 Soji} 5 B BH 02 AGH.
DBSe] upe} 2] 4 2G4 hE o] EAISHE .

52 57

SQLOJA] table2 relational algebraQ] relation¥l= E2], tupled]] et multiset(SE-S 5]-85]= set)
%7 =, SQLOJ A= relational algebra®] select/project/cartensian productZ} HE tupleo] tfal] H4HS
Woto] 5ol Eiglo] Zpol HEHA

F]EF SQLoOJJ Al = unz’on(°7'z7°") intersect( e}, ea:cept(X]-WoL)J/]- 22 tupleo] O]l set operation

ﬁ%

0]!

= AFol=t, oJAES set= Z7FFer Hito| B2 FE-S A A mroF multzset_‘?_i 2 e]sl AlchH
&l union all, intersect all, except all-S AF-E3JoF &F. é]?’j‘ AL ZF g-g5]%].
groF of® &t tuple©] rofl Al mH¥l, sOA] n¥l L20F1 5P all HilS RS w A4l ofgfjel T
g 12, 2, 03] 2} tupleo] A TFE A FHeElo] Aol F g
1) r union all s -> m + n
2) rintersect all s -> min(m, n)
3) r except all s -> max(0, m - n)
2.1.3. Schema$} Catalog
SQL2 EZFJA] schema= table, A2, constraint, view, doamin 55 ZHsl= 7y .

Catalog= SQL 217 of] EXJol= schemal] FeFQ]. catalog= 5L o]3F9] schema g E&Fol=1], meta-

data Z3]-E 9JoF view?l information schema= &

Qapg A|AHOJA] catalog= DBMSZF #Fe]of=
2 tgxjo] ZA5tv] o AF§A-] ide} o] &

—7-/(7- Iz 07-07-,

A DBE 9Ju]slil, schema= A&} AlFg o] 11
o] 5.

.1.4. Oracle DBMS

1. Oracle DBMS
Oracle DBMSE OracleojJA] 7)8FeF RDBMS 9. Oracleo 4] A|-&6F= DB, DBMS,
oIE B8 + U

oI E =2

Nt = oNA= F&E DBMSQ! Oracle XE version DBMS2l, GUI 7]8Fe] & DB 7fdH(Z2fo] 9 E)
=291 Oracle SQL DeveloperZ 2-£3F.
Orcale DBMSE= 07'}] process=0f 9]l =ZF5LA] E. E3], server process= AW Z2A] FEFO]AEE

[e: oy KX

122

A alof=
2. DBA

I:1°l

OracleoA] g]H#Z] Q] DBAO 2= systemI} sys7]- ‘2,!% DBMS 4z] A]o]] o]2] DBAo]] tjjol ¢}5 &
= XG5 H. systemS QIEE ] DBA 7|55 7FF A s ys— dynamic performace table, data
dictionaryE 2YoF=t] AL EE tabled} view E—EO— 295k 11, o]oj] ol AL Qurzio] HQ

Sol5lz] ofo O &2 sys A FPS A-gSF AL 2 glL.

Oracle A|2B& AFgope]d DBAE AJ~H]of] ARgRRE AJ-dolal dols FofgjjoF g o= of2j<}
Zo] =gk = Q5. ©] F¢ hodoritH= O], tooshytotello]al= ks & 717l AFEAIE A48k,

=2 O o H
%.]_‘I'IDET

connect/resource ?;7 23

16




Create user C##hodori identified by tooshytotell
default TABLESPACE users
temporary TABLESPACE temp;

Grant connect, resource to C##hodori;

3. g4
Zelo]¢lE Z278o] Oracle ABjo FE w&, ofgf 2 Zo] x]< gF oLt % ol goJuto] mraf
S ofo] A E o A %‘W SfoF of= YH7F th&. 2|9 (local) HEC] -7 idel f 20t GAJopH H i, ¢4

(remote) HEO] 72 ido] ¢fo, $AE o]E, XE HoE HA|GoF oF 214 i/‘EOi] AL Oracle
Net Listener7} 0]-]':7' HEO] gj5f listens] ¢ O™, Qo] 91 o]F Oracle A/ o] HdEg}.
Connect sys/mypassword // local
Connect sys/mypassword@dbserver.ssu.ac.kr:1522 // remote

4. Data Dictionary
Oracle A|AHOJAIE user(user view), all(extended user view), dba(dba view)E FHFALZ oFi, 1
Elof] table2 HA|5}] data dictionaryl] tableo]] H2e 4 9=

Select * from user_tables;

Select * from all_tables;

5. Dynamic Performace Table
Dynamic Performace Tablex> DBMS9] & HaS 7]E5]= 714 table(view)2, sys7F A7l

o] o
AR A

6. Sequence

Sequencet T+ Y2t glE Aol ol AFgE= AA Y. 53] primary key®] g5 A5k Hlof AF

£ % 9L of2] A444o] <faf HEE F g F2, Ol immsactions] 45 o5} H2°]
o

sequence—= OFei2} Zro] Create/Alter/Drop 0 2 Y /=7 /AIAISFAL, nextvalueZ 7-2F HS =
Create sequence seqname
[start with n]
[increment by n]
[maxvalue n | nomaxvalue]
[minvalue n | nominvalue]
[cycel | nocycle]
[cache | nocache]

Create sequence seql start with 100 increment by 10;
Alter sequence seql maxvalue 100000;

Insert into deptl values(seql.nextvalue, ’hello’);
Drop sequence seql;

7. A2g

varchar(n)o] FEZF0]X]GF, Oracle A|AHOJAl= o]2F Zro] ZFASI % varchar2()2 *7eFctal o},
Al Aol 4000byte .

Oracle A|2GoJAl= "2F Zro] Bl £2FEE null2 Q14]%}.

2.2. DDL SQL

SQL DDL 9 ¢ 9] 7]& 7] =+= Create/Drop/Altery.
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2.2.1. Create

1. Create
Createz2 oo} ZFo] tableS A = Q2. table O], attribute@} domain, integrity constraint
A2 2Fg el
Create table R (

A1 D1,

An Dn,

(integrity-constraintl),

(integrity-constraintl)

)

EG} 7] &9 tableo] FE5} Ho]EE A9} table s P 7 U2,
Create table myTable as
select *
from professor;

AISF tables> Describe2 1 £Z(schema)& 2Foleh = QIS

Describe R;

2. Domain 29
domaino] 7 4 Gl AZF(Data Type)e ozl H7F EA5h, REHe) AFE ofefeh 2ol
=2 el

1) char(n) : n3F2lo] 5 22,
2) varchar(n) : F|5} Zo]7} n9l 7h Zo] B,
3) int : jaFol= 7719] 4.

4) smallint : 2HFO] E 37]_/] A

5) mumeric(p.d) : §R%3 47} pol L, A4F ol 23 AT d9l AL
6) float(n) : precision®] nQl B-E4H.

7) double precision E+ real : H];’X‘V’:”E A

=5
el

L

3. Integrity Constraint

Create A]o] ofg|2} ZFo] integrity constraintE X]F e 4=
o
=

1) not null:& 35 attribute’}F null ZFS 5]- &% &=
2) unique= fig gko] tupleEof E,l]o]] o © 2 5)oF S LIEFY.

3) primary/foreign keyE X|Fe 7 U5 o|mf foreign key= o]l G tableo] priamry keyE FF
FolE =, foreign keyE 2] gk mj+= table Hlof] ZASH= attributeS FAJSFR] SFoFE H.

4) checkZ |Gt attribute”} 718 + Q= gzoi] st constraintE % 2JsF == 9J2.

o O x9
T 9

Ly
.

18




Create table professor (

pID char(5),

cID char(5),

deptName varchar (20),

salary numeric(8,2) not null,
gender char (1),

primary key (pID, cID),
unique (pID, cID, deptName),
foreign key (cID) references course,
foreign key (deptName) references department(pID),
check (gender in (°F’, ’M’))
)3

primary keyZ} 5]Lt9] attributez T+ EE F-7 ofgfjet go] A2d Fo FAIE £ Y5 ETF
uniquels & YoHA FAE 7 Q5.

pID char(5) primary key,

cID char(5) unique,

o

okzls} ol miz 38 u] consirintel 15 el AA/7H GolHER o £+ U oIF
0[] grow DBMS7} JEOZ 0]2S Ho]
constraint myForeignKey foreign key (deptName) references department

2.2.2. Drop/Alter

Dropd} AlterZ tableZ A4 /e = U=

1. Drop

Drop-2 o} a9} ZFo] th=3] tableF-S 24 slo] A4t
Drop table r;

2. Alter

Alter= ofgJ2}F Zro] statemento] sEoF= -8 HFY Sl addof attribute2l domains ] sFo] at-
tributeE F71eF & Ql1, integrity constraintE X|ZsFe] F7Fe 4~ Q1. ESF dropdf attributes
)75t attributeZ A A 5= 1. o]a] F7FSF attribute] Frofl= nullo] Zolz

constraint= o[5S X451 disable/enabledr 5= U=

Alter table statement;

Alter table r add A D;
Alter table r add constraint myConst

foreign key (deptName) references DEPARTMENT;
Alter table r drop A;

Alter table r disable constraint myConst;

Delete 7] ¥E+= Dropit= =] tupleo] gt AHA1E 4886122 DMLo| &5 12, Truncate= tupleS
A58 DDLolek 1L

olt
.'r‘

2.3. DML SQL

SQL DML ¢ ¥ 9] 7|2 7]9E = Insert/Select/Delete/Update .

19



2.3.1. Select

Select= relations Z-Jo}31 2]7gor 2o Fglof= HloJE]& Ao} relations +gd}o] Hrerol=t,
ofef e} Zol F 6712 A ¢l (= *7’7} Sropof oF.) clause(F) 2 & 5 QU5 ol selectf from=
Aelet clause= GeFo] 7150} AT, having= group by?} g 2loF AF8-0] 7152k

select A1, A2, ..., An

from R1, R2, ..., Rm

where P

group by <grouping attributes>

having <conditions>

order by <ordering attributes>

oj ofef} 2o U Y 7}H(BE DB wek oh2A FHHLE 7 91S.). W claused]
A FAE YA S

1) fromof 22k tableg oAl ZF2F
Al FEF B tuple 2] Hisl
2) tuple 29} 5 where9] XHS Fo E ot 2R 7] = AU 2E5k7, ARl ASL A A
3) group byof] HA|SF attributeo] TIEF tuple XS group O 2 =2
4) aggregate function HJRF.
5) group] havingo FAIer 2 21§
6) tuple ZgFoflA] selectof] 2]l ZE attribute A1E].
T7I2 ol H2, SQL selectz oA A2 2|F ¥z T et
SYNE 57} opfeke A9
1. select
select clauseofli= AFEREZF H11 AL attriubte5 9] o] 52 ZHJ el =, relational algebraof A1 9] project
of &&= ALk
e BE attriubtes oa]gl EF Z} attributeo] ol e AR+, -, / &)
o,% aggregate function 555 A ZFo1o] ollg attribute] gS dFH 0=
select *
from professor;

1)

; frome]] o5 BT gto]

s
0l|

~—~
Ol
=~
L
Qi

F(log, sqrt
7_0.
pre=]

select pID, salary / 12
from professor;

Z7} relationofl A tuples 7Ho] T55 o §01X] gheafd distincts 2§ + Y31, $HE &L
WA H allS 24 el 5+ QS select= 7] EX 02 FE tupleS &]-88F(allo] defaultd].).

select distinct deptName

from professor;

2. from
from clause9ll= G queryL} B E table52] o]ES 2 el =, relational algebraofA] 2] cartesian
producto] Of- &&= ¢4FS.

select *

from professor, teaches;

3. where

where clauseol= A3} tupleo] BFES|oF Sl= _%Zj(—}_ﬂﬂ,’/i])éo— 2ZEgel. =, relational algebraof4]2]
selecto]] gJ- &&= A4FQ). 2 AL v 0:7/177]-(7 :, <> <= >= oF #A H{E=F(and, or, not)E
8 jol YT - 908, ok, 1o Bt g GHe <> HUE A8l
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select name
from professor
where deptName = ’CS’ and salary > 1000;

T SQLS o2 £AFE 2] Ak
2 falsed]. o]@A likeE AFgSl= F-2
wAds, & X“’gfoi ol 19] O’J
YEzlEs}) op]ef B FEXFE AajH
oo, = ok B2 % oFof] ZAJsto]

oju] = RG] Mol likeE AHET 5 YS(EE oA
eI, F Bapedo] YA|aRE F-2 true, Y51 o
£ o] %5 yofel 9lo] ojo] 99| £AE 714
A2 = EAGL e 9l2. ojn) Y} 5
escapes 211 71 Fof Yot FAIE escape A2 Agel
%E Hio AR ARG R escaped 7 U5

select name

from professor

where deptName like ’C_’ or deptName like ’100\%’ escape ’\’;

7re] 918 2ol mh betweenS A4 = 1S o] F¢ FAZE Hekeh
select name
from professor
where salary between 5000 and 6000;

F

Ol

whered A= tupleZ]2] 9] Bl = 7}t ofefjel Zo] ()& AF&dte] YA] tuples - ste] H]iL

o] o
AR

i

select name
from professor, teaches
where (professor.pID, deptName) = (teaches.pID, ’CS’);

query?] L7 7Hg ‘o whereoi]HL aggregate functwnO] z]]x}gz] preronz, o)F A}ﬁofoj g
havmgoi]/li 2 g5l /lloi 2358} :[x_ olo.

I oF whereof]A] null o] Bof ot 2 AL =7 Eo] olY, is nullT} is not nullZ <] g}
select name
from professor
where salary is null;

4. group by
group by clauseoi]/(i,_ attributeS ZFJsFe] G attribute i =Y ol S 7IRE tuple XYES
groupC 2 =2,

oluf nulle o= 5—73?5707, nullo] EASHFH nullof] dist group A4 H.

group byE AFESF F-2 selecto] = group byof] HAISF attribute = E7 attributeo] TSl aggregate
functiongFo] ——X}Q ¢ IS (&2 & oF BFEA] 535loF 5f= 212 oFY.). o] aggregate function2
2 groupej His Al

select deptName, avg(salary) // pID S& 2479

from professor

group by deptName;

o o=

—_

5. having
having clause Al group byoflAl 7= groupol T XS 28l &, group 5 XS
ZA| 7= ATE FEoFEE @F oJuff 271 aggregate functiong AFESF] 2Fgol= o] YEFA Q]
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select deptName, avg(salary)
from professor

group by deptName

having avg(salary) > 1000

ofof mpa} tuple 919 ZH-2 whereA], group B8] 27: havingoll A 2]7g5}7] H.

6. order by
order by attributeE X]7g5Fo] tuple _%?Jg g attributel] S 7]Eo2 el © EX}+(asc)
o] defaulto] 12, FAFHO] F-2 Fol dmpul Aoz YHH. YRz YL descE Fof
2143},
ofe] 79 attributes ZFYol= -2 W G attribute R E] ARgolo] FHolwl, St gHS 7fX/L A
=78l 11 o] %o ZFJel attributes ARg-olo] FEel o] F-> YEHA S /%4 ol A Z} attribute
vEZ2 Fof desc ZF-5 %}

select deptName

from professor

order by deptName desc, name;

2.3.2. Insert/Delete/Update

SQL DML < 9] Insert/Delete/Update 7] Y=o tfsf] eropH Xz},

1. Insert

Insert tableO]] tuple% o] glol= oire]. ofgllof Zro] A5, values2 AT E] T attribute™

T T i = 0—512_!'
Insert into r values (’437°, ’abc’, null, 4);

Insert into r (cID, title, deptName, credit) values (°437’, ’abc’, null, 4);

S} select-from-whereZ-S A-gall Y tuplegS e + U= o]uf select-from-whereZo] 24
T, 7 AT} inserto]] AFgE. =, offo] Of/’]/(]—,'_: professor tableo] 287} H.

Insert into professor

select * from professor;

Y gfole]= tupled] foreign key’} EAol= F-> Y&o] Z7IpE2& 5 Q15 o] ujef table A

forcign heyE 7RI table B tuple YIS A obde] 971X W02 23t = 2.

1) Aof tupleS ¢/ g5}17, 71 Fof B tuples =2l

2) B XA Aloj foreign keyol] Tl constraintE Z-Yol= 4], tuple Y8 o] & AlterZ constraints

7—7]"#-

3) Alter2 B2] foreign keyol] tfgl constraintE YA]Z 02 disableT}7} CFA] enablegl.

2. Delete

Delete= tableofA] tupleS AFASF= A4FS. O]-FJ]E,L Zro] table HEFS 2] ZYSIH fof tablel] H-E tuple
o] AAE] 11, where2 ZXHS XA gt ZHO] true?l tupleE5-S AFAgl.

ojoj] tuple®] EF attribute FF-S A4 E= B FG5IEH UpdateS AFE-5JoF &
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Delete
from professor;

Delete
from professor
where deptName = ’EE’;

Delete
from professor
where deptName In (select deptName
from department
where building = ’Vision Hall’);

of 7]of A In& E7g attributel] glo] Fo]3 gk EEof ZIEH true, EFEX] YO H falseE HIelol=
o14Fe).

Select name

From employees

Where department In (’HR’, ’IT’); // department Zf0| ’HR’ L= ’IT’O|H true.
ofefjo} Zrol aggregate functionS E-§-519] tupleS AFAol= - ol #l A 22 A BIlE Hz==rtH

S tteol 151 210] B S, SOLAAL A 4 A At T iy Z o
o ¥l AL S AS FEIER Fo] Qlrk B

Delete

from professor

where salary < (Select avg(salary) from professor) ;

O]
Nl

A tupleS AFAeF i = TruncateS AF&sFH O W2rCl g
Truncate table myTable;

3. Update
Update= table9] E% attributeE 7 /A FAol=
where 2. tuple E2]0] k2 4 /A A g 5= 9
Update professor
set salary = salary * 2
where salary < 2000;

o 2FQ]. ofgflo] ZFo] attributeR} 1 FE ]3] 511,
o

9
4
X0,
mjo

IEQF SQLOJA &= o2 2] casedz& ZgoFe] 270 ufet ghs Hrehore =
Update professor
set salary = case
when salary <= 5000 then salary * 2
else salary * 1.5
end;

2.3.3. Rename

Selecto Al = as2 attribute2} tabled] TjoF renameS el 4~ Q2.

olgf| o} ZFo] attributeo]] oA renamed 5= 31, asE AJeFel == Ql2.

23




select name as profName, cID
from professor natural join teaches;

select name profName, cID
from professor natural join teaches;

ofeflo} ZFo] tableo]] oAl renamedr = Q2. o]uj] =St tableS A2 CFE 0] E° 2 renamed|of
SFLFL] tableofA] o] B tupleS 7}AS 5= Sl
select name
from professor as T, professor as K;

o

2.3.4. null and Three-valued Logic

1. null

attribute LA null Zko] ZAGH] AL ZHS oF 5 §eS Lhehd

SQLOA] nulio] EFHE 4+ e1ake] Ak T4 nullz FolEo] 9.

2. Three-valued Logic

nullo] 3L vl ARe] FAif= Y unknown Q2 FOJE o] Ql5. o]of ulef SQLOJAIE =2l glo]
true, false, unknown © 2 37[2]9ltj], o]& Three-valued Logico]2}F1 &F. whered A= o] 37FX] = true
o mjgt ofg tuples F=¢

=2]gto] 37Fx]o] B &, unknowno] Hiet OR, AND, NOTo] ofgjje} Zro] F712 JoJk]o] QI true
> unknown > false9lt], ORE= & S, ANDE 22 AL = Z5l= A o2 9F7|51R]

1) OR

(unknown or true) = true

(unknown or false) = unknown
(unknown or unknown) = unknown

2) AND

(unknown and true) = unknown
(unknown and false) = false
(unknown and unknown) = unknown

3) NOT
(not unknown) = unknown

2.4. Advanced SQL

2.4.1. Aggregate Function

Aggregate Function(Z]A] €)= attributel] oj2] gk5of of
aggregate functions5o] <.

avg() : Hatgl Hrel.

min() : Z5gt Wt

maz() : FHZL 9r2k

sum() : =¢F dre}.

count() - 319] A+~ S

aggregate functions2 nullgts FAlgh dl& 5o, BE Zlo] nullo]H count() FF2 nullo] o 2F 0.

12, primary keyZF oFH F-2 nulld] = YO8 2 count()Z tuple 7]+E & ool primary key
2 A gorE Aol 8.

rol

I YHEE fhelol=

ook
>
oe,

o
~—
&
o
iy
Mo

distinet LA50] A5E A 50| 24 obehet 2ol queryS 24T 4 98-
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select count(distinct pID)
from teaches
where sememster = ’Spring’ and year = 2010;

2.4.2. Join

1. Inner Join

Inner Join(Theta Join)2 oFefeF 2] fromo]l inner joinT} onS AFgoFe] ~aeh 4= QIS o]uj inner
o

L Ajeksl T joinTF A = Q1. FA0Z 55 (=) ZslH Equi Joingl.

oju] =5t o] 59 attribute’} ZAJ5FH 077111 tableo] HoIx] &F £~ gl o B 2 select2} where S-oJJA]
attribute oFof tableF 1} .-& R 5}o] B SRS HiAsoF GF.

select name, d.cID, s.cID

from d inner join s on d.cID = s.cID;

theta/epui joinS ofgfe} Zro] T3] whered] XAS ZHJslo] ~dler =% QIX|Tl inner joins
ARG Alo] THEY o] ZHlofA] £2.

select name, cID

from professor, teaches

where professor.pID = teaches.plD;

2. Natural Join

natural joing oFgfloF ZHo] fromof] el 4~ QL. natural joino] =2 QL tableEof gig)A] join
o] -85,

ojoj] usingo] attm’bute‘: S x| Zslo] gk attributeoz’] s A1k natural joino] T~PEH=E oF 4~ Q]
. olm] attributer= S 2 FO]FOF SF usingS AFESF= F-S naturalE AEFSI X natural joino]
Y= z]Z5]=] A 07’0 attribute O]EO] e #o] Qo 2-,-,—7} Y = Qo a g renamedl= Z0]
=9 E3] natural join AloJ= =gl O]E_J attributeo] sl = E 04*}0] srjog Fol7}
T 2 3H], usingS AFE-SF] oA Aers WA 5 Us-

select name, cID

from professor natural join teaches;

b+ oo

e, o

select name, cID
from professor natural join teaches, course // course= Ltt&d| fromO| AE%!.
where teaches.cID = course.cID;

select name, cID
from (professor natural join teaches) join course using(cID, deptName) ;

3. Outer Join
Outer Join2 inner joint S sl 4skd], 7 70 net ofdie} o] Z|Y et i &

left/right/full outer join -> outer join 5~%. onS AF&s] A BFHAJGoF gF.
natural left/right/full outer join -> natural outer join 3. XA HA|5IX] LS.
select name, d.cID, s.cID

from d, s

where d left outer join s on d.cID = s.cID;

2.4.3. Nested Subquery

1. Nested Subquery
SQLOJAIE ofajoF Zro] (select-from-where) 2 7 E+= Nested SubqueryE XJeeF. o= o] 2402
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tableo] Eofz = Q= YR AFE-E = oW, T2 where, fromof ARl YoF zeE 2
259

select name

from professor

where salary = (select salary from professor where pID=’10’) and pID <> ’10’;

fTOmO]] SubqeuryE ZJ’/{'?oH ha,fuzngé— EHX_-]]OI- E /%ZEO_ ]Z-:}_ﬂi fromoz’] subquery—a‘?— Z]—/}jg]. Z{]
£.9] DBMSO|A] =] ¢ep=]gt, 2ER] g2 Aw ZA 3

o7

rr
Mo

2. Correlated Subquery
Correlated Subquery(3F A/ HZ9))E QB query?] tables FR o= subquerys 2Fer.

=
o] -7 o' table] 2} tupleo] ool subqueryE oA HE 2 2}elS Ho] AF§-SHA H.
SELECT employee_id, first_name, salary, department_id
FROM employees e
WHERE salary > (
SELECT AVG(salary)
FROM employees e2

WHERE e2.department_id = e.department_id
)3

3. Scalar Subquery
SILLO] tupleBlS 7FR] = single-row tableS HFelsl= subqueryE Scalar Subquery2fil $F. =, scalar
subqueryi S}LFO] Z1HE VRSB R, o= Shpe] g wHEleHe oW Folk 28 <~ 9le.
select deptName, (select count (*)
from professor P1

where dl1.deptName = P1.deptName)
from department di;

subqueryﬂ ] ZHe uhglels A2 olefjo} o] =2 H|WS 4= Q1S selecto] A8 T AL 20|
tuple 2 $P= 17, FAHA T Whereoﬂ/ﬂE Shte] tupleo] AREH. o] ¢ bubqueryi o H| T2
43 o]—Ei?j subquery = single rowo]of gt o & 79] rowE 7} A= tabled H| ol AF&SHH runtime error
7} @AISE I8 A subqueryol A AA| R row”} 3FU7F ElEE primary key 522 selectdl AU, aggregate
function© 2 3}}9] gke ALsAY = Aoz AFESH E8| whereo] A aggregate function®] Y& 4=
Ron= o] ALtsl= Hlof subquerys & 4 22

select name

from professor

where salary = (select salary from professor where pID=’10’) and pID <> ’10’

2.4.4. Nested Subquery : & AAXA}E

1 IN HRERF
= ofeljop Zo] £ gho] Fkel SoleAlE HHols AR, gl £01H true, oFH false
= Hh’ld ol 53] subqueryif oA AEE 5 QLS
select name, salary
from professor
where pID in (10, 21, 22);

offj2f &l tuples Fgofl HlLEY T 5.
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select count(distinct cID)

from takes

where (cID, semester, year) in (select cID, semester, year
from teaches
where pID = 10);

2. All/Some/Any
ATl/Some/Any= 5] g5} ofe] o] g2 HlsHe Hlofl AFESH= GsHRY. o] ofefe} o] ZF
GO, b L G0 301 Aololof A7, some e i1 G Wt ol 4]
ojoj] somed} any= TS}

1> 2) // false

(3 >all {2, 3}) // false

(3 >some {2, 3}) // true

O;P/f—J w7)e]e] Bl 7] A/IRIER e 7 UR[EE of 2] O] gy} vl ol 7F-P= o] A4F
=& g-gofofF of. ofefof 2 TF-o ALET SIS

select name

from professor

where salary >all (select salary from professor where deptName=’CS’);
oju] =somed} inS EASFA ERSFR]EF I=some} not inS TEHX] gFo a2 somedf inQ o] & o
2 5Yolx] S alle FAFSF O] 72 not ind} -F YR Y=
3. Exists
Erists= subqueryl] ZIf7} EX5FH trues, £AJ512] &0 H falseE HIslgl.
existsi= AFESFH= subquery”} correlated subqueryZ} ofY2FH gFF ZF = AXlo]B 2 oJn]rl gl
ofof ajef correlated subqueryoll AF§-5F0] 20 ZF tupleo]] oo H{Fol= A2 F&2 AFEH. &8

off tupleo]] tfof ¢IXFE]ofof Sf= 7g-> AFglS o] AFg-5lA H.
select S.cID

from teaches as S
where S.semester = ’Fall’ and S.year = 2009 and

exists( select *
from teaches as T
where T.semester = ’Fall’ and T.year = 2010 and S.cID = T.cID);

Sqloz’WL for alls FAIH o= ?O*’Oh ALRFE A &R gF5. existsi= OFF2F €] 01—5— T Hof

= gloj] F2 g-g%F E5] existsE F-§5FH relational algebra2] divisionS sqlof 4] Fdg 5~ <.
Ofab’J A A= E(for all) =5 —?7 ol ol Zh= queryo]al, A ek (except)E 283}
select S.sID, S.name
from student as S
where not exists(
(select cID from course where deptName = ’CS’)
except
(select T.cID from takes as T where S.sID = T.sID)
)¢
4. Unique
Uniques= subquery2] ZF tupleo] 2 Y5 trueg, - YoFx] YO H falseE Hlelsl oJuf ZF null:& A=

o2 gre 2 Fg51, FFES true2 = 2]H.
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unique( <1, 2>, <1, 2> ) -> false
unique( <1, 2>, <1, 3> ) -> true
unique( <1, 2>, <1, null> ) -> true
unique( <1, null>, <1, null> ) -> true

ofef|2f 2o subquery®] F¥fo] F& o] EASI=A]E e 7 AT
select c.cID
from course as C
where unique(select T.cID
from teaches as T
where C.cID = T.cID and T.year = 2009);

5. Lateral

Lateral2 from doJJA] correlated subqueryE AFEEr = QL= gF =, fromof] A-gE o] gFojJA] Z e

tableS 7} LA subquery ] fromoj] LA .
select P1.name
from professor P1, lateral (select avg(P2.salary)
from professor P2
where P1.deptName = P2.deptName) ;

6. With
With:2 ol queryoll A2E AFS-2F = Qs YA viewE HH e =, sl £ E115 YAE
B queryg B3 > U
ot 2 Zro] view o] &7} tuple o]&& Aol Hgofal, o W] o2 A Gy Qs E
viewo Al OHE 72 B§E +E U2,
with deptTotal (deptName, value) as
(select deptName, sum(salary)
from professor
group by deptName)
deptTotalAvg(value) as
(select avg(valuue)
from deptTotal)
select deptName
from deptTotal, deptTotalAvg
where deptTotal.value = deptTotalAvg.value;

*17graro]

g el

2.4.5. Ranking

sqlof A= o] 2] 712 ranking 7]5S A-53F.
1. Top/Limit/Rownum Clause

¥ L EA}
S

QL Server : Top

SQL Serverol]/('] top clause= A9 tupleES FZ8F persent= HAIEZ FG5}
£ 9o T tuplest ST 42 T tuple BT FEH= 49,
Select top(3) * from professor order by salary;

Select top(10) persent with ties * from professor order by salary;

g4

-

e

2) MySQL : Limit

28
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MySQLOJ A= limitd} offsets E-&of 9 tuples& FE 5 QIS limit:2 o'd 7|+0ha FE9=
Aol offset:>- el'd 7HTrE2] &9 tuplesS AU FH= A

select * from professor order by salary desc limit 3;

select * from professor order by salary desc limit 3 offset 1;

3) Oracle : Rownum

OracleofAl= Rownum= A8l A9 tuple5sS 28 = 912, rownum-2 oracleofA] ZF tupleo] of
ol —1—070}5 ZHaFo] Mo 2 wheres FIFeF tuple%oz’] g 12 £zl oz Hojsh = ywhereo]
rownumg GG 2718 A1) §9] tupleSE FEE < 912,

select * from professor where rownum <= 3 order by salary desc;

2. rank()

HF sqlof[A= ranking JHE A== 517] Llo] Tank()g A&l ofElel go] AFgot] ranking YH
298 % 9l BE mnk(JBF AFEIHE F9 AAR Feo] H grong, AR YsleH order
by F7H2 ALG o} 3

select ID, rank() over (order by GPA desc) as sRANK
from studentGrades;

=2 ofefel Zro] rank() Hi{l sqls X F 2P & et o] correlated subqueryo] B2 H| & &
).
select ID, (1 + (select count(*)
from studentGrades B
where B.GPA < A.GPA)) as sRank
from studentGrades A
order by sRank;

olmf nulle] F-¢ 713 2 o2 AalEE A defaultd]. EoF SQL:1999 2 E]= oo} ZFo] order by
of nulls last, nulls firstE X gol ZF2F null:S @ Fof ”Eﬁ = o Yr s o 5 95
select ID, rank() over (order by GPA desc nulls last) as sRANK
from studentGrades;

rank() ol partition by clauseE €A A-E-5F] E7 attributed] tfdl] partitions =12, ZF partition
of it ranking JHE FE 7 U
select ID, rank() over (partition by deptName order by GPA desc) as sRANK
from studentGrades;

rank()+<= selecto]] oj 2] H

3. rank()e} FAFer ¢
rank() el Ao oFES ofgloF 22 FE0] )5 Z]E A 02 AR S rank() e} & Lot EYF7F
QJH }2,
1) dense__rank()
rank() o A= #ho] E=& tuple:> &= 2]l ol exPubg 55 FHold A H=H, dense_rank()E
AbgobE HolHE 547k gl H2gh

- rank(): <10, 1> < 10, 1> <30, 3>, <30, 3>, <50, 5> ...

- dense_rank(): <10, 1> < 10, 1> <30, 2>, <30, 2>, <50, 3> ..

2) row__number()
rank()o A= & dol g2l tuplesE S92 X e]oh=0], mw_number()oz’]/(i{: E tupleo] A2 rf
= P& 7R EE Ak ojnf At gho] tupleo] F-¢ olH A =97 o = AFEHEAE
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deterministic|x] 12

3) percent__rank()

ranking g H2E A2 e, nl7L YT rankZF ro]apH L=L 0 2 AR &, rank7] 2 FH2E 0
oNA 171219 gl w313 ez 71y

IESF no] 10]2FH nullo] HFalE.

4) cume__dist()

ranking JHE 2 LEFY. nIll7] QI3 rankZF pePd B o2 AKgE =, rank 7} 52 FHE] Loji
DI G o8 g, Nl p T ol o] D5 A e ]

percent__rank()2} 2] 02 R|ZF5}R] oh=rh= zFo]Fo] S,

RS

4. ntile() ranking

ntile()2 rank()2} et FEIZ A = =G, order byol] X|FSF attributeE 7] L2 nif 9]
bucket(LFH 2 ©9]) 0 2 LFE A 7S Holgh o] 7]oflA] Z}F bucketo] ZFX] = tuplel] 7= A2 Zjf
177} 2po]7F = QIS

ofm} ek 919 tupleo] A2 THE bucketo] Soj7}A] H 4= QL=d], oW tupleo] ofr]e] Soiz

ZJE deterministicSFX] -5
g £0f, ok} & EHE TH.
o33 22 Hlol 2 7 skAL

D) GPA

s1 2.8

S2 3.5

S3 4.0

s4 3.5

S5 4.2

NTILE(2):

1D NTILE /* GPA */
S5 d1 /¥ 4.2 %/
s3 il /* 4.0 */
s2 al /* 3.5 %/
sS4 2 7P 3.5 Y
s1 2 /* 2.8 %/

2.4.6. 7€} 715

SQLoJA] A&dl= e 7655 &HEAF.

1. Schema/data A&

oo} Z+o] createo] like 7] Y EES AFESFo] EF tabled} =2 oF schema?] table2 A4S 4~ ¢S
o H= integrity constraintZ} & YA E,xf];] L‘ 21 ol ], 53] primary/foreign key &= =4
517] g2,

Create table tl1 like professor;

olefg} 2ol as 7)Y EE A§5F 5 tableo] schema U HlOJEIE BA table AT 5 U2,
$ql:2005°1= with datas 2 oF Hlo[E]7kX] BAolE=E Eo] QAT He 4§ DBSMOA] 07 5
Zpgopx] gfof Ho]ElE JAot== gl ).
Create table tl as (select * from professor where deptName=’SW’) with data;
Create table tl as (select * from professor where deptName=’SW’);

2. &7 47 F=2F
sqlofl Ali= AFRl, HIE @ 53F Zo] g7Fo] & AA(51Le] columno] &0]7}= HloE )& A3 +
Q=2 blob, clobS 2]t
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blob(Binary Large Object)2 2 -g&3F2] o]Zl GJo]E]E #Z6l= 2 o]1l, clob(Character Large
Object) 2 §39] £} HloJE|S X FoHe FRFY. -GS Hergl A2 G ST
2 Ak 2L, SILFQ] columnof] Eo17F= Hlo]El-E& Bet}. blob< transactional semantics(ACID
properties)E &S] =t
3. yg g4 g9
sqlolA] AFSHE dlF A ERefls ofells} 22 AE] 2.
1) date : 5 AJFo] A, &, d& UEY= AFEY. (ex. 2015-7-27)
2) time : £ AJHO] A, B, 28 YENE A2 E. (ex. '09:30:21°)
3) timestamp : 7 A 9] data, timeS HF YEIY = EE. (ex. '2015-7-27 09:30:21°)
4) interval : AJ7F ZFHS YERE X2 . date, time, timestamp XFE G 2] glofl interval ZFS C5FH
ol ZFAerFo] A 22 date, time, timestamp TJOJE]7} APAT =,
timeObject + interval ’1’ day

4. A18A o) A2y

oFZf2F 2] create type o2 AFGZ} O] ARG S g+ L. o]FA el ARF L o2 I
ARG FI P02 FET UL

ojuf final ot a5 FREFOR TR A2 Y (subtype)S FJoFA] ROFESE SLT, not finalS
Fojg + Q== 3.

create type Dollars as numeric (12, 2) final;

5. domain
ofgfloF ZFo] create domain 2 domainS gOJslo] f2 g} T YUer HHA] o2 BFE e
2L integrity constraintE 7} £ Qe HMH, domainS 71 4 S, SEX]EF A2 type2
A} domaino] B Aol LEHT, 1 o] 5] typeo] S-S
create domain degreeLevel

varchar (20)
constraint degreeLevelTest check (value in (’Master’, ’Doctorate’));

<

6. Transaction
Transaction2 ACID(Atomic, Consistent, Isolated, Durable) property(’J 2 )& 7FX]~= DB ¢I4F9] se-
quenced].
transactionse DML Z72] AFS-3F b7 QA1 & 0 2 AJZFE. o] QFA] ] © & EF E] AL} commit/roll-
back workol] Qo] WA|ZF o2 FRE £ QIS YAIFH o Z FREE -2 commit/rollback JRE= A]
~elo] o]a] 27 H.
f 22 o] A8 AJAHL quto__commito] on O 2 G E]o] Qg o] -2 sql Z%F ZFZ}o] transaction
o7 zalH.
7. Index
Indez= tableof] thet HA 765 FAI7|= Hlof] AFEEE HloJE] 722 Y. sql EFE A& indexo]
ot Y-85 3 oJoiR]= IR, HE 4§ DBMSO|A] indexs X]%}.
index= ofgfle} Zro] Zo]sl. =, tableo] EF attributeo] sl ] & el

create index myIndex on course(cID);

transaction®]] T3t A< JLL DB2ojA] t}=.
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3. DBMS %8 7|%E

722 DBMSE off9] 7[sE5< AT ol F& SQLEA 244,

3.1. View

3.1.1. View

1. View

B AF8R= DBO] BE B 71 glE 4 QLo B2, RDBMSOA= viewE AF-5Fo] off'sh AFERF7F
relationo] YHHDFS HI =2 oF

oltf] views CFE E% tableS FZRFEZ, AUFA Q] tabledl= 2] tupleS physicaldlA] A2 7FX]
2] oS o]of mia} A tuples 7FR]E tableS Base Relation(Table), viewE Virtual Relation(Table)
ojefalk oF. 3 view?} TF-E tableS FFFE 2, GAGHAL ol tableo] #78 =]H viewo A1) FI&=
Ao P, Z viewk 34 A4 Hojel S Hp

view= e FFRO]BE 2| index®} integrity constraintE X|F e 7 H=.

2. View A4
viewi= oFo}F Zo] create viewS} 9J9]9] SHTH queryE ZAsto] HAT 7 9w, oA A=
viewk 35 o] §.02 At tabler} S oA S8 + UL

create view myProfessor as

select pID, name, degree

from professor;

3l views= U view2 = Ager 7 Q5. o] A /7H R 0 2 7] RIS FE ol viewks Al
=g, o] Recursive View(s2l-F )2l &) recursive view— non-recursive view2l+— CF= =] 2]
& R = st=g, o= FoA o=
View Expansion
View Expansion(H 24)& viewE &&= queryE oG viewd] tfsl & o]& A-&519] base tabled]
st querys X|2Fol= TP Q. o] x]e YL view} EXSFR] Il base tableTro] Exfel wj7l]

.

S o)A

- Create view myFaculty as
select pID, name, deptName
from professor
where salary > 50000;

« Create view myFacultyCS as
select pID, name
from myFaculty
where deptName = CS;

« The above view can be expanded:
Create view myFacultyCS as
select pID, name
from professor
where deptName = 'CS' and salary>50000;

3.1.2. View Modification

1. View Modification
viewo]] thSlA]= selectBFo] oft] 2} Modification(insert/delete /update) = 7|58 GHslAE 1 A1}
= base tableo] PFYHE.

ofello} Zro] T tablee]] T 27} F U

Aot FH = modifications T 7 5. o]m glo] X%
E]2] oFL attribute= base tabled] null2 PFYH.
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insert into myProfessor values (’12345’, ’Lee’, ’CS’);

2. Updatable View

views= CFE tableS FFXE Bo]B & modificationof] T-E F2ZFo] ambiguouser 5~ =4, o] F-%
AR o 2 AalEz] ok, olu modification©] 7F5oF viewE Updatable Viewsld & HFF 0=
updatable views Aol AF§SF= queryZF ofeflo] XHEEL B WEA]Z= A Y.

1) fromo]] SILFQ] relation@ro] EXfgl. 2) selecto] attributeTFo] E2HSEIL, expression, aggregation,
distinctZ7F ZA6IR] @S 3) selectol] XY ER] U2 attribute5o] BF null Zo] 7Fs&F 4) query?}
group by, having, order by, set operationS EgF5}X] Y2

FEoF view Z2]of joino] AFEEl -2 ol Blof SFLLQ] base tableTHS modification®F 5= 1S

3. With Check Option
E4 queryof] 28] A4 E viewof insertsl= 529] modificationS Z-§ 2ol = view2] FOJof] 2
A7 ARERFOA] ol R] gFS 4 e, o] F-9 ARERE FFA ¢ ARIxE HHd gl
F-E view F2o] ofx]aro]l with check pointE X3 8f s modificatione] BilE AF-ERF7F &9]
A& mollTF modifications 3]-§3l=5 o + QS

create view myProfessor as

select pID, name, degree

from professor

where deptName=’CS’

with check option;

vl

==

Ulo Qli

W
2N

3.2. Integrity Constraint

3.2.1. Integrity Constraint

1. Integrity Constraint
orollA] et A @ relational DBOJA]2] IC(Integrity Constraint)ofl= FH|& o2 ofajel 2+ A
Eo] 9317, o]= accuracy®} consistencyE YeF A Q.

1) Domain Intergrity Constraint : Z} attribute== 7 2oJ¥ domain O] ZFIRS 7}AoF gF. = ZF9]
423, Bl 94 5ol e Aol

2) Entity Intergrity Constraint : relation YJoJA] tupleo] S Ys}A] FEHE 5 QloJoF
beye null g2 7H2 g1, 1R} B

3) Referential Intergrity Constraint : relation AFo]o] #A(HH)o] gF3l FadloF €. =, foreign
keyZ} FZ25l= tableo] EAfol= Fa} LX|5}AL nullo]o]oF 3f. Y& o= gl& 7|F o2 HAE
LFER] 7] w2 o] EASHE constraint2, EQEE AL&FFH ZA512] S AY.

2. 7B IC
createof A 2| 7gok= 522 T tableo] A& 715t 722l IC2& ofdfjef & AE0] Q=

1) not null : 3G attribute”} null FFS 5]-§F%] Y55 LFEFY.
2) wnique : A5 o] tupleSell Ak T LIEHE. nullghiz 7H 4 22

3) primary key : primary key X%, S5 ZFS nulld = <.

4) foreign key : forcign key X]. o]} FE5H tiio] Y2 EA5HA L, Ei nullE gHOE A
oF . ot foreign key:= ©JRFT] priamry keyE FZXolBE, foreign keyE X]F e wf= tabley Fof
ZIA = attributeS FAJE}R] YoFE H.

4) check() : a5 tableo] g4} TFEafof sl= RS 2|43l

ol

F. =, primary
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Create table professor (

pID char(5),

cID char(5),

deptName varchar (20),

salary numeric(8,2) not null,
gender char (1),

primary key (pID, cID),
unique (pID, cID, deptName),
foreign key (cID) references course,
foreign key (deptName) references department(pID),
check (gender in (°F’, ’M’))
)3

primary key?F SFLFO] attribute 2 Y H= F- oo} Zo] ARG Fo] A & QS ELF
uniquelr E=ASFA] FHAISF = Q2. 2, primary key2 X]HEH null g2 7F8 ‘H),QX]E'}, unique
2 A8 ol nligrs 71 + 212,

pID char(5) primary key,

cID char(5) unique,

ofaf o} gro] ulZ ZFAE mf constrainto]] 0] Eol A/ o] LoSIEE T £ L. o]EL
Ho|z] okon] DBMS7} A}Fo 2 o] 22 £9).
constraint myForeignKey foreign key (deptName) references department

3. on delete/update

foreign key 2] Al delete/updateo] ©]3]] referential integrity constraintZ} YJHFE F-2of et &
2} ZoJsl 4~ ol 0 TZlo] Zolx]z] okoirtH delete/update7} £ r]z] ok Z=ZFo] Zolx] Qi H
g =2t EE}E]' delete/updateZ} =Y E. A& F2HO 2 cascade, set null, set defaultE =]k

A o]O
= 9IS

ofzfjo} Zro] refemntzal integrity constrainto]] fjet HE.L2 ZZ5IE= tableofA] Aol , R EE
tableofJAl= A dsl= HEo] g8 TGl on delete/update= 2= tableof] tgF delete/update A]o
e F2Y

create table teaches(

foreign key(pID) references professor,
on delete cascade,
on update cascade);

HZREE tableofJA] tuple©] delete/update =™ referential integrity constraintZ} QJHE. cascade’} X]
HEATHH delete/update GLFo] F2ol= tabled]] T =o] tf-85& & tupleo] ZI= delete/update
. set nullo] X P EQrH FFREE tuplesS delete/updatedstil H-SE= foreign key gHs nullZ .

== ol foreign keyZ} primary keyol ZeFEo] QIotH null2 2Jge + 8l

.2.2. Initially Deferred

10 7|22 o2 SA| AAPER]EE, foreign key 5& X gok= -7 ©] }_?:707 HiARE 5 glons,
sqlofl A= ofgllel gro] IC HAFE n]gth7}(deferred) transactiono] B wful HASIEZ 2|5 ek

o] o
AR
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CREATE TABLE employees (
emp_id INT PRIMARY KEY,
emp_name VARCHAR(50),
dept_id INT,
CONSTRAINT fk_dept FOREIGN KEY (dept_id)
REFERENCES departments(dept_id)
DEFERRABLE INITIALLY DEFERRED

3.2.3. Assertion

check®l assertionS AFgole] EZFol ICE FoJe 4~ Q2. B2 SQL HEFEJALE checkof] subquery
= EIeh 9lo]o] RS 5]&01al, SQL29= assertiono] FoJE|o] QUG HFA o 2 4§ DBMS
ofJAl= checko 4] 9] subquery®}, assertions H]-§1F 45 59 o]F2 XYz gk=rlil &}
assertions< ofefloF Zro] gojek = 9131, DB AA o] tjs] o Z1o] gro]ojof ok& LY. XA DB
of dis &5+ £HAo|EE P tableo] +FE minfr) HARE Yol oF of= overhead”} EAf9}.
o]&] zl-¢] yH]oj] 95 HRL= assertion Oi4l triggerS A-E%F.

CREATE ASSERTION limit_total_salary

CHECK ((SELECT SUM(salary) FROM employees) <= 10000000) ;

3.3. Trigger

3.3.1. Trigger
Trigger= /8 DBMSOJA IC al& fIof AFgdle 7]5 Y. 7oA HEE sqlo4 9] triggerE
o}o}li
= =1

trigger= ECA(event, condition, action) rule© 2, o] 37[X]& R ZgsI-= 2%, = DBY
event(insert/delete/update) 7} BHHSIH conditions F7F61Y] actions Wl eE ¢l trigger—= OF
o} Zro] create triggerZ FLOJl=1], before/afterE Xl event B F FElE Tof X2]gz]E
|8}, insert/delete/update 2 eventE |71, of} onO &2 attmbuteﬁ]- tableS ]38}, when
© & conditions X7}, beginT} end AFO]of actions XY EHZZo] sfLFQl -2 begindf end A EF
7hs).
for each rows HSE7F BRATSF ZF tupleof] o) tmgger— Ao 2 ASFE 2 2] 5f= A Q)
row A for each statementE X]G5IH it 2% (table Z2F)o] tisf trigger& oF HulF Aol =
2| ok= A Y.
begin®] atomic= X]Y5}FH begintE] endZ7FX] 9] ZFY-S S[Lt9] transaction © 2 ] 2] G}

create trigger myCred after update of grade on takes

referencing old row as orow

referencing new row as nrow

for each row
when nrow.grade <> ’F’ and nrow.grade is not null

begin atomic
Update student

end;

oja) W3k} BT tuple 3|3 BHG of2s} 2o triggera] Hgotel 27 S &+ 9
2, row 4] tableS ]33] table THY] XJE]E ZH5sr o]of GHSIAI L deleteo] A= HEF & tupleS
AFgel = Qi1 insertof]Al= HSE Z tupleS AFEE & 2.
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referencing old row as oRow
referencing new row as nRow

Hef trigger= A FHE FAISHAL tableo] HARE ¥ A 25 & o AME-F=dl, @A = materialized
view2} replication 5 © 2]t built-in 7] 55| Attty g ES obejct relation DBMS 5-& tjjo]E o]
o QULE HAER TANDE 2ol triggerS AE017) gobE .

3.4. Authorization

3.4.1. Authorization

1. Authorization
AFERE7) queryE Al&5H DBMSE gt AFEA19] Authorization(@eH S 24 HAFeE. DBAE= HE
authorizationS 7FX] 1 31, CFE AFgXFoA] authorizations F o]},

instance®]] tfgF authorization © 2= read/insert/update/delete authorizationo] <.

schema©]] TjeF authorization 2= ofefo} Z+e ZEo] Q=

1) Index Authorization : indexo] tjjeF AAJT} AP

2) Resources Authorization : relation A4

3) Alteration Authorization : relationo] tfel attribute £7F B AFA]
4) Drop Authorization : relation A}A]]

sqlof Al A5k Privilege(H %) 2+ oo} 2+ ZE0] U

1) select/insert/update/delete

2) references : |G tableof thgF foreign key AJ4. grant A]Of G attribute H = ]
3) usage : E% domain AF§

4) all privileges : & Aok

2. Grant

Grant= authorizationS Hojsle BEZho 2 olgfof Zhe & 4]
ojet ol ® Heks 2]t ALGAFOAl Fof gl user listo]= H
54 wled AF e+ 9T, public( ZE AHEADE A

grantE Zol= AFGRH allY privileges o]n] 7} 11 Qo] oF g ESF with grant options ZHgFH
NS privilege?} 0] AFEAPZF T2 AFEAFOA] Z1 privileges FoIe 5 Q== 2] oF

Grant <privilege list> on <relation or view name> to <user list>

[with grant option];

FESF update, referencesol] oAl ()2 E7 attributeE X3} authorizationS FAE 4 Q5. o]
oF Zro] EX attributeo] tjel A2l EXJ5FX]0t, sql DBMSojAlE= £ tupleo] tfeF authorization
A al= 2] o] gFob o] application >7F0)4] 9] 7+¥o] a8l

Grant select on professor to Ul, U2 with grant option;

Grant references(deptName) on professor to U3;

3. Revoke
Revoke= authorizationS &3] (revoke)ol= E3F 02, ofgfjof 22 G215 714, user listol= H
AFERFO] Wy EE 2pge & Qi B roles AFE £ 1, public(HE AFERE)E AFE T

o] o
=N

0]
A

cascades= g7 & 2] E]0]oF SF= privilegeZF §1.CH oHA F o]0l & X o] 50|11, restrict= g7
F 3] E]o]oF SF= privilegeZ} QI H H3]o1R] & X[ Yo}= 5. cascade”} defaultQ]. o]uf o] H
ARFE2FO] privilegeZF E 3] E]H g AFEXEZF H G privilege = & 3] E]o]oF 111, o]&= authorization
graphz 27 TJo}Et % 218,
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ojuf of & ALEXE7F ZF2F authorizations P YT, oF AFSA[7F A 2]ol i tf = AFE-AEO] authoriza-
tion®] GOl privilege listo] alls Z-gope] BE privilegeo] Wier Fol5 28 + s

Revoke <privilege list> on <relation or view name> from <user list>

[restrict | cascade];

ofef e} g grant optiont F2]ol= Ak 7159F.
Revoke grant option for select on professor from U5;

3.4.2. Authorization Graph

Authorization Graph+ DBAZF root, ZF authorization©] edge(53 AFEXL7} CIE AFgXFojl 7] Lo oF
A.), ZF A&7} nodeSl graph®]. DBMS2] HE authorization:& DBARRE] Hoj7} A XpE| B2 2}
nodew= rootZ2E] o] 7lsgk

P %
P /

oBA d

/’/
. /
~Su2 L__._, ua

- A graph for select authorization on “professor”

g

- If DBA revokes grant from U2
- Grant must be revoked from U4 since U2 no longer has authorization

- Grant must not be revoked from U3 since U3 has another authorization
path from DBA through Ul

3.4.3. View Authorization

views= YEFH QI tableZ} & USHA authorizations #ejer 5= UR|gH ehHs] F Yo A A2 = 2=
oF2  ol#l = view authorizationofA]o] EZ]¢].

1) view®} base tableQ] authorizationS HE 2 Fe]E. o]of] u}z} base tableo] teF authorizationS
ZFz] oFol - viewof] TSt authorizations 7F& 4~ Y=

2) view base tabled] gt authorizationS s7FoF= authorizationS 7} 4 gl<-

3) view read HeFIF QIO H A o] 758} views relation®] oFL B2 A4 X9 resources autho-
rizationo] Q2 S

4) table M= 55 tableo] HieF authorizationS HF 7} Z]8F, view2] M= TZ ] &F37 base
tableo]] Oj5]] Z7FX]21 QIE authorizationBFHEERS viewof] el authorization TS 714,

£ AFERFE] o] viewE AYoFal HASE authorizations Foolo] Y& Aojet = 5. o]
o viewS}F base tableQ] authorizationS WX Z F|E D2 viewol eF authorization HAR= view
expansion©] T E]7] Fof] z]2]H.

3.4.4. Role

Role2 AF§RFS] ekl roled] tjs] authorizationg oo o ARERI&

5 Q2. roledfl= AFERIES 37, 7, role FE3F roleof] F7Fek 4~ glof
&+ g,

ofelioF Zro] roles A oFal, AFERF = roleof[A] Foofal, grant/revoked = Y& T HSIAE o] H

roles HoJslH 4 roleo] B-E authorizationo] o &,

ygH oz Aoz

2 :
AgAE AFH 0

e
&
N
X9,

37




create role teller;
create role manager;

grant select on branch to teller;
grant update(balance) on account to manager;

grant teller to manager;
grant teller to Ul, U2;

3.5. Recursive View

3.5.1. Recursive View

Recursive Views= recursive querys AFEoA] O = view. viewE recursived] 7] 7§ oJsFo] ¢l o]o]
dolo] glo[EE Z]z]sl=5 g 4 5. o] recursive queryZ} monotonicfoF =t o= 2Fg
Aol 2 Aapr} dFE]T ambigioussFR] SFofoF sl= 1S o]n) g},

recursive views OFS] 2 248 A, 71NN prevat, y)i= v S17l v EAHAE T 1}
Eldl. oJ& Eof, & 25 —,—] St Hal 2 y B Azkel 4+ 912, o] 5 &-g5] recursive view?l recPrereq
2 HoJs} 2~ olo

(Wx)(Vy) (recPrereq(x,y)«<prereq(xy))
(Vx)(Vy)(Vz) (recPrereq(xy)«recPrereq(x,z) Aprereq(z,y))

recursive view= T3] recursivest HAIE BFAHSIR] 2SF nj7lx] HRESE HEE R 0 2 o]sfer 4~ 9]
L. olgfo} Zro] tableL AFgsf vHEsln] AuFE AJASH o]H L Tmnsitz’ve Closure2}1 8},
HHZo] 25 % gE|lE Fized Point2f1l &} recursive mew7} ] E] 2] QH=CIH transitive closureE
ERECE b

- Create view myFaculty as
select pID, name, deptName
from professor
where salary > 50000;

« Create view myFacultyCS as
select pID, name
from myFaculty
where deptName = CS;

« The above view can be expanded:
Create view myFacultyCS as
select pID, name
from professor
where deptName = 'CS' and salary>50000;

sqlofl Al-= oFg| o} Zro] recursive viewE E-geF 5~ Q2. o]} Zo] transitive closureE EH§

)
+
9,
mo
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With recursive rePrereq(courseID, prereqID) as (

(
select courselD, prereqlD
from prereq
)
union
(
select recPrereq.courselD, prereq.prereqlD
from recPrereq, prereq
where recPrereq.prereqlD = prereq.courselD
)
)
select *

from recPrereq;

3.6. Oracle SQL

3.6.1. 93t A4S

AR-S-2t.

1. 249 2 g4

select sID from student where lower(name) = ’kim’; -- lower case
select length(’hello~~’) from dual; —- 2AIE Z0|

select concat(’hell’, ’o~~’) from dual; -- =Al<¥ concat

/*

e ZAIEOIAM 2AF 27|, 18R AR|FE ZASHY 282 S5t #
22l 128 AlZetl, 252 L™ o et

x/

select instr(’MILLAR’, ’L’, 1, 2) from dual;

10
E
rt
i

select replace(’jack and jue’, ’j’, ’bl’) from dual; —- £ Z2AtE z|&
/*
EETAE 2. s Az|RE 2749 2t 2.

o

=2
olAl= 126 AlZ3
*/
select substr(’202048-1291239°, 8, 2) from dual;

2. A A9 g
5214 2a] gF~2= ROUND, TRUNC, MOD, CEIL, FLOOR, SIGN, ABS o] ¢l2.

39

oracled A= ofef 2 go] tiefel grss A egl. 7N e HE LY AR EHE A= e
gl U2 dual2 attribute2} tupleo] HE 17091 sys 2472 table2, of7]olAl= Th5] AJAIE 5]




Y =ZE A4 & BHY 222 HiEal
-22 Z|YslH 4 F A 2|2 BHE2Est, 022 Z|YotH vtSTsto] F4oh ghet

ook

00| defaultQ!.
x/
select round(456.789, 2) from dual;

/*
round O 2t SLSHE|, BtS3 Ciil HAlG.
*/

select trunc(456.789, 2) from dual;

select sign(-102) from dual - £% Yist

5. ¥f A2q J2 g

oS} 2ol sysdater} S H2] G 52 BEY + A2
/*
sysdateS AF2SHE B AIHOIMO| UH7} >yv/um/pD HAIOR HistE.
sysdate-1, sysdate+l1 S22 g 1 COF 20| Ofst 2= 22 & US.
x/
select sysdate, sysdate+l, sysdate-1 from dual;
/*
Of2iet Z0| roundOE AtEStH 2Ol CHSHA BrEZSH 27t BtetE
x/
select round(hiredate, ’month’) from emp;
/*
5 R AO|e| E £E et Y Yers ArECZ LIEHE.
x/

select months_between(sysdate, hiredate) from emp;

/- U B

to_char()& AF&o] YAt HlolE Fi= Y-S EXLRE Hele = a7, to_number()E ARl &
AdE ;/GXF%J 2 dae 3 Qs
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/*
sysdate S9| Y# G|O|E{E Z|ASH HAO| BAHZ UtEtEt.
YYYY &= EE 42}2|2, YY= 2Z[2|2 LIEfH.

MON, DAY((:&= DV 2 E, 2YS A2 LEd & US.

*/

select to_char(sysdate, ’YYYY-MM-DD’), to_char(sysdate, ’YY-MM-DD DAY’)
from dual;

/*

RAAE ZAEZ Hets

ol st 2AHOIM oof SHEE= 2|0 x7~f P gle® 022 A

Fol A st ZAHOM 90 SiTEl= R0l RAVE QI0E Y BIYE

ol 2|dst 2AHE0] ,7F ZA5HH SHE o|2|01| , & 20| Hatat.

*/

select to_char(1234), to_char(1234, ’000000’), to_char (1234, ’999,999,999°)
from dual;

select to_number(’1234’) from dual; -- oY 2AIEE Aoz Hst
3.6.2. View
1. View

oracled = obe} Zo] viewS 48 5= L.
create [or replace] [force | noforce] view <view_name>
as <subquery>
[with check option]
[with read only];

or replaceE X|7golH o] o] H]= view’l EAer F-2 o5t @ FoF tp= iRl viewE thAe}. force
= XVHO]”I’ base tableo] EAJ] o H ol AFrl glo] views AJASF=H], noforece”} default®]. with check
poth SrojlAl o2 AAE 1 BIFE AFSAPF 81 = S wfol vt modification& o]-§-51 =5 3.
with read onlyE X|7JoFH et viewo] HifAl+= readTt 715 %F.

2. Materialized View
Materialized View= viewo]] XA tupleo] EASLEZ sl= 7|59,

view ezpansion Ot SA] 2|7} 7lsol 22 U] WRE 2|7} 7|50 2] gk, ofg tupleo] G 22 Y1
E HFY5IR]E B = Sl materialized views base tableo] Y E= 757—,0—1/,’- =% Z7]1/,"- AFERLO]

24 Sof o5 H s,

HF sqlo] A= materialized viewo]] el O] E 517 QIR &S oracleoA]= ofgo} & Ao 2
materialized views o] = 912
create materialized view <view_name>
build [immediate | deferred]
refresh [fast | complete | force]
on [commit | demand]
[ [enable | disable] query write ]
[on prebuilt table]
as <subquery>;

buildofl= a5 viewo]] gl instanceS 5= A]FS XSl immediateo] H ZA] instanceE 6},
deferred= X H1#] refresh A& o] F+&F.

refresh HFA]Ol= fast, complete, forceZ| Q1. fasti= n]2] 2= materialized view logE F-§3f H
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FE HEORS refreshsfil, complete= tableS Z7]3}FoF & instanceE CFA] G811, force= fastE
A|ESlT BI7F=51H completeS AL gF.

refresh AJHE commit £ demand 2 X SF. commit2 G tableo] tjgt commito] EX|SFH refresh
5L, demand= F7]F o2 E= AFERF Q Fof 95 refreshgl.

3.6.3. 7|t

1. LOB A&2%
LOB At 2 @& Oj-&% tlo]E 23S Het ArF o=, BLOB, CLOB, NCLOB, BFILEO] Rl

ofolA] AHgk ZI%] & blob(Binary Large Object):2 2 -§3F2] o]Z flo]ElE g ol= AR g o],
clob(Character Large Object)2 & -£8F2] ZX} fJo]E]& 2] %}6f= R g o]1l, NCLOB-E= unicode &
2 glo] & 2ol A2 G Y. o] AFEF S0l ol Al= DBMS] ]3] transaction propertyZF X]-&H.
AFEHS Thol AR Y & ek

BFILES FZ3}E] 2] 912 binary datag& *ZoF7] Y8 DBMS B os file system= E-§ol= A&
&/ 0 2, transaction property’} ] QE]X] o read H4HAF Z-&8F 5~ 912

2. Set Operation

oracle9 Al= union/intersect/minus”F X] J% IESF multiset(SE 5]-§ set) H4FQI union all:2 X]-@
E] 8} intersect/minus all2 XY= X] &

3. Recursive Query

oracleJAl= recursive queryE “goJel ofj ofgo} ZFo| recursive 7] Y=
union all-S AFESF
With rePrereq(courseID, prereqID) as (

M
JN
>~
0[1
~
2,
58,
R

FA union Tf4I

(
select courselD, prereqlD
from prereq
)
union all
(
select recPrereq.courselD, prereq.prereqlD
from recPrereq, prereq
where recPrereq.prereqlID = prereq.courselD
)
)
select *

from recPrereq;

F712, prereqgID&} courseIDE H| W dl= 7F-2 lower() 5= &8 + U=
4. Privilege
oracle9| A19] privilege= schema]| tj$F privilegeQl System Privilege2l, A2 1 object(table, view
5)ofl tigt privilege?] Object Privilege/} -2
system privilege 2+ oFglo} Z-2 AE0] = system privilegeE granteF mf with admin option<
goio] a5 privilegeE HE AHANA HoIT 5 ER G+ U

admin, alter any index, alter any procedure, alter any table,

create any table, create any view, create any synonym,

create any sequence, drop any table, drop any view, ex-

ecute any procedure, insert any table, select any table, se-

lect any sequence, update any table, etc.

object privilege 2= oo} Z-& AE0] QL. obejct privileges X]F e W= S EE= object7F HAE]
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o]oF S}, object privilegeE granteF of with grant optionS ZFJ5lo] 5 privilegeE CFE AFEXFollA]
poig 5 UEF Y + IS

Hgk A Bl
Delete Table
Execute PL/SQL package, procedure, function
Index Table or materialized view
Insert Table or synonym
References | Table or materialized view
Table, sequence, \1e\;7nalerialized view,

Select \
| synonym

Update Table

22 cluster, index, trigger 52 objecto] X2 system privilegeZ X] 2] SF.

5. Synonym
Synonym(-&2]o1 )= schema.object PR O 2 HAISF= th}l alias?]E HE]o}A] AFSS = L=
Zl& Y.

&

7|2 Z] 0 2 C]E AR RFO] objectof] FHL6F2 H schema. object & X] 0 2 HAIG)oF 5], schemasS X7
of2] Qf o™ 2p21°] schemaoll Al objectE Z-5. synonymS FOJopo] HelolH A= HOF & ¢FdsEA
2 RG] objectE EHEoLEE o 4 A& gE 59, dualk sys £-5-9 tableo] 22 sys.dualZ
A SlloF SER]TE, public synonym C &2 YOJE]o] Qlo] dualZ T AFEo] 7F5g).
oracled Al oo} Zro] FoJgk. publics X|7JoFH HE ARG} o synonymS AFEE 5 9l
default= 2] 5 AMEARIO] GG 4= L= A9,
create [public] synonym <synonym_name> for <schema>.<object>

To

6. Trigger
oracleofA] trigger= ot 2F go] Z-g k. PL/SQL g4 o2 Zspn], npx]gfo] /5 ZFgojloF trigger
7F HYH.
create [or replace] trigger <trigger_name>
[before | after | instead of]
[insert | update | delete] on <object_name>
[for each row]
[when <comdition>]
[declare <declaration>]
begin
<execuation part>
[exception <exception handling part>]
end;

/

o 7] ofl A= referencing old row as orowE ZYoFR] Yol T3] old, newE HEZ AFEE & Q2.
EZ referencing old row as orowsS A ZA 6] o]ES T - <.
or replaceE |G SFH o] F0] HR|= trigger7F EAer -7 oliig 2771 th= Hl{l triggerE A2k

begind}l end AFo]ofl execution partoll= ZF Z3F Eof ;& 2FJdloF gk

4. Application Development

DBMSo]| HZ5t= AL sql2 2 DBMSef| 23 J8lst= Direct SQL ¥ & 7F535}AHE, database
application& —_Tlo‘j?:.} HH PLo| A 5q1£ a5} 4 l:ﬂ-/ﬂ Ao ofefjo} e 277 HHA & sh= 23 AFRSH

1) Static Approach : application codeo] sql-2 ZAJSh= B4l embedded SQL 50] 2. HAA 2] 1A 0]
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952 0]u], o]of] T2 syntax/authorization A4} 50| 7] AA] A4to] W,

A
T

2) Dynamic Approach : sql apiE &-&s}+= ®4]. ODBC/JDBC 59| %2 flexible} A7 AL8-5}7] o] 1L
2]

— -

Ao+ static approachZ} F2 AREEZ|TH ODBC/JDBC7} S546E 0|32 = dynamic approach’}
F2 AT ¢

r

4.1. Embedded SQL

4.1.1. Embedded SQL
Embedded SQL(WE SQL): application®] PL F7toll sqls 2% & eoh= &4
c/c++, java & o] PLOJ tfer embeddingS “J<]&F.
embedded sql-& AFE-2?F L= THE compile o] o) X2 (pre-processing) 7} Z-& X oJoF 3. 2] 2]7]
= syntaz/authorization HAF & FA3}E Y511, d5 sql ZZS api(els) &2 2]2lg)
=+ embedded sql-& "1 F-70l olef syntax7} TFYFerH], oF A2 offlof ZRE o Alo] EAe = S
ojuff embeded sql oA TS AF&ol= ¢ v oFof & EofoF g (ex. :fname).

EXEC SQL CONNECT ...; // DBMS HZ

e,
»

2,
=5
HN
=2,
X,
e

EXEC SQL BEGIN DECLARE SECTION ... // B MAA
char fname[FNAME LEN + 1];
EXEC SQL END DECLARE SECTION;

EXEC SQL <statement>; // sql =& Aldl

4.1.2. Cursor

Cursori= embedded sql2] AF-g-o]] TH-E impedence mismatchS sJEsF7] Yot 7JH Y. cursors sql 2
ol cfaf Z} tuples 7}A<F 7HE Z 0 2 X a]et 5~ Q= F. o] 7]l A] Impedence Mismatch= H]o] €
Ae] gh Al EUAXE o]nlgl. dF &9], gl-§%= A5 FE27F EAGHR] =t selecto] YRS ol
PLOA] 22 Wob g4l 4 g1,

cursor+ declare/open/fetch/close 2S5 7/ E-8E. declarefAlE sql B3-S EgFolE cursorE
HOJ5h11, openol A HOIH cursorS Astel 7 FIE 914 tableo] AFSL, fetchoI A= 91A]
tableollA] tupleS STFE F A3ho] A5} EEHER ShL, closeo A= 914] tabled] HTHE A

22 o] g olo] Fof upe} 7 GAjo] Pard 4 9w, ofel celofel o] o e,

#include <stdio.h>
EXEC SQL define FNAME_LEN 15;
EXEC SQL define LNAME_LEN 15;

in()

EXEC S%L BEGIN DECLARE SECTION;
char fname[ FNAME_LEN + 1 );
char Inameé LNAMELEN + 1 |;

EXEC SQL END DECLARE SECTION;

EXEC SQL connect to ‘myServer’;

EXEC SQL DECLARE demoCursor cursor for
select firstName, lastName
from customer
where :Iname < 'C’;

EXEC SQL open demoCursor;

for () {
EXEC SQL fetch demoCursor into :fname, :Iname;
if (strncmp(S LSTATE, "00000", 5) != 0) break:
printf("%s %sWn", fname, Iname);

)
if ( stmcmp(S LSTATE, "02", 2) != 0) // 02000 means "“no more tuples”
rintf(" QLSTATE after fetch is %sWn", SQLSTATE); // shouldn't be printed
EXEC SQL close demoCursor;
EXEC SQL disconnect current;

cursor®] sql B3-S APHE SQLSTATEH Wisol] gho] XY=t Ueo] FZHLH 00000
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ol. & o] AMFE tupleo] §LOW 02000°0] 2] FE.

cursorg 2§l updateE oF2H cursor A1 vEX]GFo] for updateE ZF-g51o] updateE ot A YUE
w 2] SO 3}
e} =

4.1.3. Dynamic SQL

sql 23S BEFQ] o] o] A == Dynamic SQLI}, HEFY] o] o] #7o] g H = Static SQLO]
A dynamic sqlof| A= &322 sql FZ5 HFFAL, compilestal, A ek
static sqlof] QIsfA] &= sytaz/authorization HAF 50| 758} 2k, dynamic sqlof] Hiafl A= o] & ZF¢jo]
&7Fs ok, Eot H5o] Bolg. tiil dynamic sql& AFE-SFYH flexibilityE 2FE e 4+ U5
dynamic sqlo] F& offlel Zro] prepare DAL} execute TFAZ UH. queryE UEI = EXFES
prepare®]] YO H compileo] = E=t], o]uf placeholder(H5)E 72 AFEEY 4= 5. O] execute
=2 ol queryE HY5l=1, usingol] X|7gek H-9] gro] 2o ol

stcopy("select name from professor where salary > ?", myText);

mySalary = 1000;

EXEC SQL prepare myl from :myText;
EXEC SQL execute myl using :mySalary;

L oo} Zro] execute immediateZ ZFJSIH prepare2} executeS oF Bof] ~a0gl. o] -2 v~
5 .

stcopy("select name from professor where salary > 1000", myText) ;

e

EXEC SQL execute immediate from :myText;

dynamic sql2 AF85H= 742 SQL injection?] YA o] &G

4.2. ODBC

4.2.1. ODBC

1. ODBC
ODBC(Open Database Connectivity )~ applicationofX] DB server2} 9&35117, servero] queryg&
&otal, 11 ZIE tuple B2 fetchT = YE 5 o= apil.

a2, ISO EEo 2 A H CLI(Call Level Interface)s= ODBCE 7]HFOo 2 BFEO]H

o

2. Connect
ODBC 2.00]]419] connection A4S ofg|2} Zro] environment handleS eFgsfil, o] & E-&3) con-
nection handleS &56F11, connection handleZ} server F4, AR} passwordE A3 DB server

o} A

int ODBCexample() {

RETCODE error;

HENV env, /* environment handle */

HDBC conn; /* connection handle */
SQLAllocEnv(&env);

SQLAllocConnect(env, 8conn);

SQLConnect(conn, “db.ssu.ackr”, SQL_NTS, “myUserID", SQL_NTS
“myPassword”, SQL_NTS);

.. Do actual work ...

SQLDisconnect(conn);
SQLFreeConnect(conn);
SQLFreeEnv(env);

}
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ODBC 3.000141 9] connection A7 Aol environment/connection/statement handle 2 & 37} B
ojo] O SlClok
o 12 =2 O -

SQLHENV env;
SQLHDBC dbg;
SQLHSTMT stmt;
SQLAllocHandle(SQL_HANDLE_ENV, SQL_NULL_HANDLE,
&env); /* allocate environment handle first */
SQLAllocHandle(SQL_HANDLE_DBC, env, &dbc);

/* connect to the data source */
SQLAllocHandle(SQL_HANDLE_ENV, dbc, &stmt);

/* do something with the statement handle e.g. issue sgl */

SQLFreeHandle(SQL_HANDLE_STMT, stmt); /* disconnect */
SQLFreeHandle(SQL_HANDLE_DBC, dbc);
SQLFreeHandle(SQL_HANDLE_ENV, env);

3. Data Access

ODBCoJAlE 7122 0 2 dynamicstA] dataof FHLEr ofgjeF Zro] SQLExecDirect()2 sql 23S
@5t SQLBindCol()2 5 ATFE local W49} AHF H, SQLFetch ()5 AFEH tuple ]2
Zil-E Hols.

A
R
1

char deptName[80];

float salary;

int lenOutl, lenQut2;

HSTMT stmt;

char * sglquery = "select deptName, sum(salary)
from professor
group by deptName";

SQLAllocStmt(conn, &stmt);

error = SQLExecDirect(stmt, sqlquery, SQL_NTS); // dynamic SQL
if (error == SQL_SUCCESS) {
SQLBindCol(stmt, 1, SQL_C_CHAR, deptName, 80, &lenOutl);
SQLBindCol(stmt, 2, SQL_C_FLOAT, &salary, 0, &lenOut2);
while (SQLFetch(stmt) == SQL_SUCCESS) {
printf (" %s %gwWn", deptName, salary);
}

}
SQLFreeStmt(stmt, SQL_DROP);

4. Metadata
ODBCoJA& olafoF gro] DBMSO] tfgF metadata s QIS = Q= SFrE5 Al3¢.

SQLTables(), SQLColumns(), SQLTablePrivileges(),
SQLStatistics(), SQLSpecialColumns(), SQLProcedures(),
SQLProcedureColumns(), SQLPrimaryKeys(),
SQLForeignKeys(), SQLColumnPrivileges(), et. al

5. Transaction
ODBCYJAE default2 ZF sql E3-S transaction FGol=g], o]2 HFHA]S AutoCommito]2l1 gF.

AutoCommitS offsFH of 2] B2 02 transactions 74 & Q2. o] -2 ofgjel Zro] commiit
T rollbacks 27 |G sfFoF &
- SQLSetConnectOption(conn, SQL_AUTOCOMMIT, 0)

- Transactions must then be committed or rolled back explicitly
by

- SQLTransact(conn, SQL_COMMIT) or
- SQLTransact(conn, SQL_ROLLBACK)

6. Conformance Level
COnformance Level:2 H& &5 JE & HEFE level2, ODBCoj= ofg|oF Z+2 37FZ] conformance
levelo] ZXjjgf.

1) Core Level
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3) Level 2 : catalogo]] gt o] A FH 52 =]-Hgt.

a2, o2 7119 schemaZ} 2o catalogE A4St

4.2.2. 7|€

1. JDBC
JDBC(Java Database Connectivity )~ javaol4X] DBMS2}F -EXI517] LJ3F apig].

connectionS opendFil, statement objectE AASF1l, S statement objectE ARGl queryE Bl
o] AI}E fetchl.

2. SQLJ
SQLJ(The Java Embedding of SQL)E javao]A2] embedded sql-S R|-QeF o] Z-> PLOJ sql-< i
AlZ]E Zo] B2 compile o] Fof HA] 27} "2 el

JDBCE dynamic sqlaFS X]QSFE 2 embedded sqlo] 2-oJujer &~ QIx]al, dx= 2 AFEER] ¢l
AFEE 7.

3. ADO.NET

ADO.NETS .NET 59| tfjsl ODBC/IDBCS} A1k DBo| t3h -8 2| elehs apisl.

o]E relational DBMS9] daAE H2L 2] ¢sl, OLE-DB, XML, entity 5 Z&Fs}= non-
relational DBMSO] thsfAl . FHLL =] ¢lel.

=

4.3. Application Architecture

DBo|| HZ35l= AH4A= DBE A A o2 57| Hrte applicationg &-835lo] A3 DBE
applicationo] 7}A]= L Z & 2olH A},

oo
e

i

4.3.1. Application Architecture

DBE &-43}= application architecturer= 7|22 0 2 AF-gX} QlE]Hjo] A5 YtslE= frontend, H]X]
YA 228 2651 middle layer, DBMS2FE] Y-8 GHdl= backendZ T4 H.

297]9] architecture= 5LF] S AM2] mainframeo] BE $4kg Hzjo Ho] En]dS AL§
o] of 2] ARgRR] HEES Pejol= FHSIS. 0% client-server F22F web 7271 55

1. Client-Server

client-server =2 two-tier X8} three-tier 2X 2 UE 4 =

two-tier R A= application©] clientof IF E2H5IH, serveroflAl= DB #a] el cliento Al= ODBC/JDBC
&= &80l DB 2% o] F- applicationof] HIp7F BAISHH 2} client2] applications X7
Fofok ¢

three-tier =X O A= application©] client2} serverd]] H2]x]o] ExgF. o]uf serverQ] application2 H]
A 221G gopsto], ZF client9] application D41 server?] applicationTr Z2Fell =388 = Qe =
& dlient= e DB T2 2947 22,
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e'

client '
applications | [appllcatlon cllents]
network network
: :  ppplicatign serverd}
| database systems|i  server
‘ i |database systemsJ
Two-tier architecture Three-tier architecture

2. Web Server

web serverg &-gol= FXR AL client?} script language2} HTML 58 X]{5FH= web browserE
AFgsFo] ARGAF QlE|H|o] AT} AR T, web serveri= JSP, PHP, Python & 883 DB 2%
Falg

F 2 olgj9} Zro] 2= U ZX7F SR8 E. = web server”} H]ZL]/‘ 235 Eﬂ;}— application 7|5
I SHA] ~3lSF web server®t application serverF 2] E 3% @ X EXJSIX]EH o] @ HF| =T}
7 B A T

Internet

browser

server

web2] 7]Hel HTTP protocolS connectionless©] 22, client?} server?] H24-2 95} &S textQl cookies
A8

5. SQL Extension

5.1. Procedural Extension

5.1.1. Procedural Extension

1. Procedural Extension
DB AFgRF= SQL/PSM E= 2]F PLS ARg-ofo] /T2 X215 7hdg)

HEFE sql:2 Fz1Z &g (Procedural Extension)S X[-Qsl=t], o]& SQL/PSMo|af1l
DBMSk v520] HRPA gpg-S 2] flolal, £35] oracle®] -2 PL/SQLO] U

2. Stored Procedure

3
5
%
%
o

Stored Procedure= DBOJ] A]3FeE] T2 78] BEZ sql B3-S E5)] H] XA 2 2] ARFS Zest 7]
Ik A1gA= o) FE0H0] LY 7 92 O DB object 2]

stored procedure2] A}ﬁ o H[ZUA 2L W&SIeF 5= 911, network trafficS 29 5 YT, SQL
injections HFX|5l= 59 ofz] o]F o] Zxfg}.

stored procedureS 7JEFeF 4~ Ql= HFAS DBMSHFCE 4fo]g]
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5.1.2. 9|7 PLE A-8% /2R

Sql199990AE 95 PLE A1-85H 4/ 2AX ] %S GOl N 5o, ¢ 9lo]E AH§oH=
59 obef} ,7;0] FYG + UL

o]gA] 9] PLE Algol= G- e3¢l SHoJA9] o] Exe = QIX|gF, og L2 7 o] DB
o &2fe} é’oé’EJWf Q7 DB} & EA7F Bsks & Bk 4 BA} BRS. o] upet FEE
sandboroflA] =& ¢FHSIAl PLS AFgolAL, ofd TFE processZ *]2]olxl IPCE &of HJoJElE
FUERE Ao g2 FHsh]E B3

- Create procedure deptCountProc
(in deptName varchar(20), out count integer)
language C
external name ‘/usr/shlee/bin/deptCountProc’;

- Create function deptCountProc2(deptName varchar(20))
returns integer
language C
external name ‘/usr/shlee/bin/deptCount’;

5.1.3. SQL:19999] 4 9] g4/ T2 XA

sql:199994] HOJsH= S/ Aol e oLzt BGASAE o]d HOlF oracle & ]9
DBMSeA] S8h5i= 7S of .

1. SQL:199994 2] k4 /Z = A2
ofef o} Zro] g5 Fogt = Y& ojuf Brelgho] AP FAIg)

Create function profC(deptName varchar(20)) returns intege

begin
Declare pCount integer;
Select count(*) into pCount
from professor
where professor.deptName = profC.deptName;
Return pCount;
end;

olefol Z+o| tableS YF2lo}l= Table Functions goJeh = Q5. YFelgto] A2 FS tableZ HA]E,

Create function myProf(deptName varchar(20))

returns table( pID char(5),
name varchar(20),
deptName varchar(20),
salary numeric(10,2))

return table(  select pID, name, deptName, salary
from professor
where professor.deptName =
myProf.deptName);

ofelig} Zo] EEANE HOJG 4 Y. sl EEAE HFH ghe vhalehs fidl 927} 29 BRE
QURFo T4l 2 2]k,
C.reate procedure profC2 (in deptName var.char{20]‘ out pCount integer)
begin
Select count(*) into pCount from professor

where professor.deptName = profC2 deptName;
end

2. PSM
PSM(Persistent Storage Module)2 sqlof 4] AxZ ko] ol &S g olol= HEQ].
PSMOJAE beginZ} endE AFgolo] BoFE-S 2HYol= AS el begindl end Alo 0]] declare2 2]

]
HHPF L1, whiled?, repeatys, for, ifie, 9] A2 & A-gek 4+ s 53] g /ZE2AF]
WJOiW ojF &g+ s

L i'
rlr

T = -
=E°ld He 9 2

fle
o

2. BRT A gohur.

=
s

N
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5.1.4. PL/SQL
PL/SQL-2 oracled] 4] ] OJol-E 2z} 2] gFzfFo]
PL/SQL Z2 732 ofefjof Zhe PAIS 7. 2} 38 ;2 B Wy Y, ifE, loopsz, whilest,
foriz, ] 2], ALE}F 7] 07/97 ZZ2R]7], ol 55 &8 7 A
[Declare
declaration _ statements]
Begin
executable _ statements
[Exception
exception _ handling _ statements]
End;
IESF select} SJLF o]4F9] tupleS BFelol= -2 cursorE AFEe A2 forZ I} cursorg €7 AFS
51 open, close 55 FAJSFA] ol A& A 2]H.
Fot grp/E 2 AR Jo HIZ|AE A 7 e, WA TE ()2 Y ek E g8k
6. ER Data Model
A& doba

Bl = o]E 7| schemas & design® Z <l

AB7HA £ sql 2ol tisf Lobstal, A=+

6.1. Entity And Relationship

6.1.1. ER Data Model

1. ER Data Model
ER Data Model2 DBE entity2} relationshipTFo 2 FZA = Zglo 2 HI data modeld].

ER data model& DB 7] A]o] 74 o] S-§5i A2,

2. Entity/Relationship
Entitiy= A2 F£20] EE= objectd]. entity”} 7IX]E= propertyE attributez}d sF1, ZFHL attributes

ZIZ]= entityE2] Y-S Entity Type E-= Entity Seto]2f1l gF.

0[|

/Q\\
// H-102, History |
i \ /" [E510L inroduction 10 65 | \
/ 10, Yoon | \\ ’/: - \\
20, Lee \ [ | €5-322, DB | \
= [ ; |
. Em ; “.‘ [CS 311, System piojmemg ] “J
\ Cs-319, Compiler | /-‘
40, Kim \ m——
\ \\ | CS-410, DB2 | /
_— /
Bes_ P rd
Student entity set —
Course entity set
Relationship2 entityE 7F] G0 2, entityo] LfH 2T o]afler o~ Ql&. G HSIAE SFLFQ] entity

EXe = QL. relationship©] 7}1],_ pmperty IESE attributesf 1]

set 7]l of 2] 7H9] relationshipo] &
5l1, Z+2 attributeE 7FA]= relationship%—J Jore Relationship Seto]2lal gf.
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Fall, 2014 H-102, History

Student entity set

Course entity set

relationship Q] Degree(Zl)= |G relationshipo]] HEHE= entityl] 7|2, binary, ternary, quater-
nary, quinary 5o] £k relationshipS A2 binaryd.

3. Attribute

entity2} relationshipL attributes 7} 5 A=

attribute= O] 22 ©9J2 U 5= QlE=X]of e} Simple Attribute2} Composite(ZEgf) Attribute

FEE £~ QlL. o}l = composite attributel] o A]Q].

address

L

street city province postal_code

=
Street_number Street_name Apartment_number

attribute= attribute’} 7IX]= gFo] 7i4=of ofe} Single Valued Attribute2} Multivalued Attribute= T+
2ot 4+ QL. gF 59, multivalued attribute phoneNumber= "123-4567", "312-1512" 5 o2 7jj9]
s 7H 7 Us

Derived Attribute= CFE attributeQ] ZHS &85 1 = F*

ok

F 4~ 9l attributed.

4. Cardinality Constraint

Cardinality Constraint:= ER data modelof|A] o] relationship seto] 5] Z}F entitiy”} TIE entity2}
A2E 5 = Aol B Ao

binary relationship seto 4] cardinality constraint 2+ of2f 2} ZFo] one-to-one(1:1), one-to-many(1:N),
many-to-one(N:1), many-to-many(M:N)7} l-5. d-& 9], professor?} student’} many-to-one 2
3% 5]o] SlebEl 3 2] studenti= ofz] o) professors} HEHE 5 USE <z

One to one One to many Many to one Many to many

5. Participation Constraint

Participation Constraint= o]H relationship seto]] gjsl, T entity seto 4] HE o] ZFojsILE, A7}
Zrojsifo] sl constraint 9.

1) Total Participation : entity set2] ZF entity”} G relationship seto] 4] & o] SJLFQ] relationship
off Froforal = 7F-7

2) Partial Pariticipation : entity set 5 Y72 entity= relationship set2] relationshipof Frofsfil UX]
ofo Ao

51 0T -
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6.1.2. Key

ER data modelofA] Key+= SFLF o]4F9] attribute] FeFO 2, ZF entityE A]Hol= 59 AFEE«= 2
A9, ER data modelo] 4] 9] super key, candidate key, primary key= relational DBOJA] 9] key2} 1
7Hdol &gk

Super Key(775] 7])i= entity& o1 A/Ee 5 == She attribute] FgHel.
o z

Candidiate Key(“FH 7])&= super keyO{]/(‘]_J AL QX]SFHA] minimalityE BFESF keyd. o]mf
Minimality= keyE 7+gok= attribute 5 SpLf e A SFH ‘oé’ Y= HHE 2k o] upet
A2 TOFE candidiate key= A2 TFE 7429] attributeE 7} =, minimaltiy—= minimal (Z]
A5F)o] 2] minimum(F]4)o] ofY.

Primary Key(F 7])= AAZ entity A EHoj] AFSEE keyd. o]af of&] attributeE primary key®Z
Sl F-29] key: sl attribute=2] th ﬁé’(concatenatwn)ol_ﬂ A HA] 2 A& + Yol
N ZF2 A2 HEZ 5 Q2. primary key= candidtate key 5 SFLFE A ES)] 2] &l

relationship set2] super key= T = entity set2] primary keyE T gHsFe] 248k =, EX entity
AFo] 9] relationshipS SFLEF EXE = Q2. relationship set2] primary keyE X|g& E]](relationship
S AP of )= cardinality constraint2} participation constraint(gro] AJ2F)E 1 2fsfoF gk

[eX¥e]
T =
EaS 2
T ORTE -

6.2. ERD
6.2.1. ERD

1. ERD

ERD(Entity Relationship Diagram),_ ER data model& A]Z}SFet diagram$]. o]= Z][EHZ o2 of
g} Zro] ARZFg 0 2 entity setS U]-S_’EE relationship set=, &2 primary keyS LEFY. FEST
relationship©] attributeS 7}X]= H-L ApZFg o2 F7|gl

student course |

siD takes ) = <D
name title
totalCredit deptName

entity seto] Z7FX]= composite attribute= ofgJe} Zro] EojA 7|2 RS, multivalued attribute=
{}2 FolA] ZFY5L1L, derived attribute= Fof ()& &of Y&
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Employee
ID
name
firstName
middleNamelnitial
lastName
address
street
streetNumber
streetName
aptNumber
city
state
zipCode
{phoneNumber}
dateOfBirth
age()

2. Cardinaryity/Participation Constraint
relationship seto]] T SF cardinaryity constrainti= ofg|o] Zro] SFAHEZ LElY. SFHEIL Sl
one2, SHHEZ} Qi BEE manyS o)

rr
Mo

H 4
T

professor student
plD advise siD |
name name |
salary totalCredit |

relationship seto]] S} participation contraint~= ofgf2} Zro] single line T= double line© 2 LIEF.
single line=2 partial participation=, double line== total participationS LIEF.

student

course
sID <D
name title
totalCredit deptName

3. Role
Role2 entity seto]] el labelQ]. E3] SFLFO] entity seto] relationship seto]] of 2] ¥l SZFeh of, 7
oJn]E 2o F|oF g} rolexs ofeffe} Zro] line 1o gt

people

D

name
address
age

husband

4. Strong/Weak Entity Set
Strong Entity Set=> XXX 22 primary keyE 7IX]21 U= entity set= Hofil, Weak Entity Set->
A A0 2 primary keyS 7FX] D YR &L entity setS 2FaF.

weak entity setT} strong entity set AFo]of] EXSH= relationship set2 Identifying Relationship Seto] 2}
1 337, o]of 9] strong entity set2 Identifying Entity Seto]2F1l &F. o]uf] weak entity set=2 identifying
entity set Yol= EXE = 02 weak entity set total participation HA] many©] 1, identiying
entity set-S keyZ F£Eol= o] HEZ oned.
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weak entity set2 G set oAl entityS FE5}7] 9JoF keyE 7}FX]E=t], o] Discriminator =

Partial Key2lal g =, weak entity setQ] primary key~= identifying entity set2] primary key2l weak

entity setQ] partial keyQ] concatenation$.

identifying entity set2] primary key—= weak entity seto]] FHA|Z 02 ZFE]x] QFS. HA[Z O =%}
= & strong entity seto] EH, relationshipo] Q51| LA H.

olgf| o} ZFo] identifying relation set-S O]& OFEH 2, weak entity set-2 O] AFZFE 0 2 UEFY. partial

key= HH ZE2 e,

R I ————
course section
cID - offered siD
title year
o semester
classroom
classTime

ternary ©|AF9] degreeE 7}A]+= relationship setof tf$t ERDEX ofgfje} ZHo] U35 YEeld 4~ Q1&. o]
cardinality constraintE WeEt= AL oneof P &= entity set-2 SR EAE 4 Q12 oneo] o]

ZASY ofnlx] E5o] AT 4 Tt 3.

pro;eci
pName
pPeriod
credit
professor student
plD | projAdvise sID
name name
salary | totalCredit

ERD 2H4 A1 85t ofele} 2ol tetil DBo| theh ERDE 18 4 918

department
Course_dept dept name fd
building E R
budget L -
@ Diagram
for a
instructor student U niversity
D D -
name name
salary tot_cred
kit ‘ grade
course time_slot
course id sec d {hmg_;io(_nd
3 title semester sec_time_slot d
credits year “?” e
end}nmp
)

prereq_id

classroom
Building
room_number
capacity
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6.3. Reduction to Relation Schema

6.3.1. Reduction to Relation Schema

ERDE ZFY3l o™ o] Z relation schemaz W3S DB designo] Z22 £2 relation schemaE ¢=
AQl. of7]ojAl= ERDZF o] @ F2]of w2} relation schemaZ HelE]=x]E & 2.

1. Entity/Relationship Set2] H3gl
entity/relationship set:> 7] 02 Z35H= attributeSF T ZFZ) & 7E 9] table(relation) 2 B2,

strong entity set~> table 2 HEFE] 1, weak entity set=> identifying entity set2] primary keyE ZEgFol=
tablez2 H2}H. o]o] g} o]o] primary keyE EgFSFE 2 relation schema2 2] B3} X]of identifying
relationship set-2 tableZ HWBIE]X] 9FL. o2 Eo], ofao} Zro] HelE.

— course(cID, title, deptName, credit)
- section(cID, sID, year, semester, classroom, classTime)
- No table for “offered”

e
GoRe | section
db e offered -—_g <D
tith | 3
de "NZme year
Eredi semester
classroom
classTime

2. AttributeQ] W3}
Z]EH 2 0 2 entity attribute= T3] table attribute2 HolE.

composite attribute= flatternZ]o] attribute2 H2FE]=4], o]ju composite attribute aZl b, ¢, d=
FAEICIH b, ¢, dFF -G E T o= AL]E. oF Fo], ol Z-& composite attribute address=
streetNumber, streetName, aptNumber, city, state, zipCodeZ H3lH.

Employee
ID
name
firstName
middleNamelnitial
| lastName
| address
street
streetNumber
streetName
aptNumber
aty
state
zipCode
{phoneNumber}
dateOfBirth
age()

multivalued attribute= S attributeE 7[X]= B Y tableZ H2lE =0, 7] & entity set2] primary key
£ xZgFolo] attributel] primary keyE tableQ] primary key2 oF. <& 590, &9 I8 3] ZH2 entity
set2] -2 employPhone(ID, phoneNumber)zZ H2lE 1 o]uf primay key+= ID, phoneNumber¥].

derived attribute= Tra= HBHE. T = EX data modelof A= method 2 HelEICH T of.

6.3.2. Cardinality Constrainto] o2 3}

relationship set-2 cardinality constrainto] uf2}l ofglo} Z+e 2] o2 Hslo] 4~

0%‘

]
= .
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1. Many-to-Many
many-to-many relationship set-S GFAF =2 2 91 tableZ BHelE. o]uf] Fosl= entity set529] primary
keyE2 primary key?F 24X 11, relationship seto] EFol= attriubte”} tableQ] attribute= HelH.

Example: Own(pID, vehiclelD, registrationDate)

registrationDate

people car
pID vehiclelD
name make
address model
age year
color

2. Many-to-One(One-to-Many)

many-to-one(one-to-many) relationship set-> = HE table2 HEFSF7ILF, manyZof HeFAIZ = SIS
Z2 5] table HEISH= Z-2 primary key= entity setE29] primary key = L2 .

many Zof Helsl= F-2, BelolE tableo A= relationship seto] iGol= attribute(THE entity set
=9 primary key, 7| attribute) & F7F 02 ZFX]A] H. EGF partial participation2] -2 ZASFX]
orL Zro null2 2] H.

people

pID
name
address
age

- people(pID, name, address, age)
own(plD, vehiclelD, registrationDate)
car(vehiclelD, make, model, year, color)

- people(pID, name, address, age)
car(vehiclelD, make, model, year, color, registrationDate, pID)

3. One-to-One
one-to-one relationship setQ] -2 many-to-oneof A2} =5}A] R e]E] =0, & sof oFf &5 Ag/5)
many°] Sk Ao 2 2]t

registrationDate

people car
plD vehiclelD
name make
address model
age year
color

— people(pID, name, address, age)
own(pID, vehiclelD, registrationDate)
car(vehiclelD, make, model, year, color)

- people(pID, name, address, age)
car(vehicleIlD, make, model, year, color, registrationDate, pID)

— people(plD, name, address, age, registrationDate, vehiclelD)
car(vehiclelD, make, model, year, color)

6.4. DB Design Issue

6.4.1. DB Design Issue

56



DB design Alofl«= ofeljef Z-& 18] ApglEo] EAel T HsHAE o] tier FH- 51| o,
tradeoffalo] EXjjg}.

1. Entity Set vs. Attribute

AHLE Z2l5] entity set O 2 LEFY =5 911, o]u] ZASHE entity setO] attribute LJEFY I
ol o2 ESo], olafe} Zro] Azl —E‘?— entity set = attribute 2 LFEFH 5~ Q1S
people people phone |
D 5— ID | areaCode |
name | name localNumber |
address address |
age age
| phoneAreaCode
| PhoneLocalNumber

2. Entity vs. Relationship
o] HHE entity2 FHS = Q17, relationship O 2 EHS 5~ Q2. Ul oz ZH = HAL
entity 2, A= relatwnsthﬁi HF& gl

3. Relationship Attributeo] 9X]

relationshipo] 7FX|= attributes= cardinalityo] o} 1 XZF Q=& A = S o]= BEFoJA]9]
Q] 7F o]} designof] T-E Q=] Q). many-to-many 9l -2 relatwnsthol ZEz]21 @lojoF G111, one-
to-oneQl F-2 Q0] 9] entityoAE ZFXZ QIS + iI, many-to-one(one-to-many)?l -2 many
ZoNE 72 98 + UL

oJ& E9], registrationDateZ} relationship own2] attributeQl F-%, o] & ofgjo} Z-o] carof] AZFer 4=
o]0
AA -

rr

people
ID own vehiclelD
name make
address model
age year
| color
[eg»strallonDatg

4. Redundant Attribute
redundant®F attribute= H|AHSH= Ao] Al o2 Eof, ofefol 2+ H-2 deptName-L redundantal.

professor /\ department
Bl ain |
plD belongs > dName |
name 5 chairman |
| deptName ~ building |
salary budget |

5. Non-binary Relationship

Cl~9] entity set AFo]9] AL non-binary relationshipS -g35foF FHE o :

= 9]9]9] non-binary relationship2 oj2] 72| binary relationship 02 H2}er 4~ Q2. non-binary

relatz'onship set Ro] QITk1l SIH, entity set E-E R tjj4lo]] @Hg3dlo] 7]Eo] R2 HZAE o] QT entity
£S5 E2L9] relationship set 02 HAHs}o] o] fjAer 2,]3 olo] E= identifying attribute?} R

—J attmbute: 7.

oy
&lx‘
> by
)
lo ok
N
> X0,
o
it
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Replace R between entity sets A, B and C by an entity set E,
and three relationship sets

« Ry, relating E and A
+ Rg, relating E and B
R, relating E and C
- Create a special identifying attribute for E
- Add any attributes of Rto E
For each relationship (a;, b;, ¢) in R
- Create a new entity e, in the entity set E
- Add (e, 3,) to R,
- Add (e;, b;) to Ry
- Add (e, ¢) to R

1

sfx] gk

o] &7 binary relationship 2 2 HEIol= 72, 7]E9] constraintg &3 5]
HIF &4

A o]0

g o
B
ek
Ol
~
=
a
S
o2

6.5. Extended ER Feature

6.5.1. Specialization/Generalization

1. Specialization/Generalization
ER data model:2 /A2 %FS] inheritanceS} FAFRF 7|60 2, entity 7FO] Al52 HAE Foloh=
specialization/generalizationS AJ-&¢F o] = 7192 t<s] dij] 7174 ¢

1) Specialization : 2F9] entityE T FAZ Q1 519 entity2 Lo EF attributeE F715H= 2.
=, top-down design IFH Y.

2) Generalization : 8}9] entitySofA &EEZ atiributes FE) 9 entityE FHol= ZFY.
bottom-up design I} ¢].

o] A ZAE entity A=A, 5} entity= Y entity2] attribute2} participation constraintE AF

A£HFEO
A == = g

I

oluf Lt o]4F9] specialization/generalizationo] EAe = QUL =, o] /o] HHE /IR &
o] 7152

people

ID
name
address

emqloxee i student

salary | totalCredit

professor secretary
rank hoursPerWeek
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2. Constraint on Specialization/Generalization
specialization/generalizationo]] tsf X FE + U= constraintZ+= oFfe} Z-2 AE0] 9

1) E% entityo] tjjsf, o] entity’} 3G entity®] S} entity’} € 5 U=X]of tjgl constraint.
condition-defined = user-defined2 2| g& 4 Q1=

2) 57 entityol ofjoll, dopif B oF9] entityZ} EAek = =2l Tl constraint. disjoint (SR
7ls) E= overlapping(9e] 7] 7ls) 22 XFTF + U

3) E% entityol] Hlsl, 51 entity”} EASOF df=X]of] ik constraint. Completeness Constraint
2F gl total(RFEA] EAS|OF &) T partial(ZASIR] o H)o 2 e 5~ Q5. partialo]
default %]

o

3. Reduction to Relation Schema
specialization/generalization2 relation schemaZ 2] W2l AJoj] olefol ZHe = 7lx] HIH = SIS
593} & 0l

1) 1] entityof] TgiA] G entity XFA|O]] £5l= attribute2} A entityQ] primary keyTr O 2 table
;/('7 o’-

o] F-2 Ak entityof] £8l= attribute S F-§oF]H o B Sk A9 entity7}FX] HL5]oF

2) 51 entityo] tisiA] S5 entity XFFof] £5= attribute@} 49 entityQ] attribute7}R] 2= g

oFo] tables 49t

el

]-.

o] F2 total constraintZ} X]ZE]o] QTFH XY entityo] Tl table2 A2F5L1 19 entityo] tjjgF
table'{'_]’—g— AL-g6lo] viewgE A& = 9= B2 olu] A9 entitye} FFHE H]o]E] constraintE ] e
AL o]O
T RoT-

6.6. Notation

ERDE L}EFfE notation© 2= of 2] ZLX|7F Q&
Alternative ER Notation:> |zl ERDZF 5o} HA] otA AAE notation© 2, StAA F=2 &

el
o -
Crow’s Foot:2 7Pt B HQFO &2 manyE, 4] HFEZ ones UEYlE notation &2, HFoJA] Fi=2
AFE-H.
W Iocanon
}t—* born_in T B T
| ID : locID
| name >O I address
i age | zipCode

(min, maz) Notation-2 relationshipo] tjsf entityQ] participate 35 HA|5]E= notationd.
UML(Unified Modeling Language) A1 = U-E9] notations A|-& &

7. DB Design Theory

ERDE 9= F] H 2o A relational schemaE A1 W, o] F o] 7]of| A th-F+= DB design theory& -85
A3 of 710 A o] A E T} A -2 relational schemaoﬂ ot A,

7.1. Functional Dependency Theory

o] schemao] T3t good/bad o5& T}l bad schemagt¥ 23] decomposedte= B2 dobH 4]
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7.1.1. Bad Schema

ofefiel 22 bad schema50] EAE + (IS ©]&= update/insert/delete ZF Yol anomalyZ} EA5F=
A2 BT 2.

1. Bad Schema 1 : £&£40] EXol= F2

olgflo] A= O]&= course2} departmentE natural joindle] .2 Ao 87[x] 229 anomaly”}
4

clD ‘r title deptName | credit | chairman building budget |
202 ' Ja;a Cs 2 Lee IT building | 67000
203 | DataStucture | CS | 3 | Lee | IThuiding | 67000
301 Databases Cs 3 Lee IT building | 67000
241 Logic Circuit EE 2 Han HN Eng 82500
341 LAN 7 EE i _3_ I __Han _I:lN Eng 82500
342 Electronics i EE 3 Han HN Eng 82500
222 | ComputerAn | Meda | 3 | Pak | ITbuiding | 55500
223 | Game Theory Media WEM 1‘: Paik i IT building | 55500

1) update anomaly : 7 attributed]] F<2] 01 attributeso] EAfo1o], ol attribute2} FEHH Zro]
updateE]= F-Q £LZ]9] attributes 2F9) OJ5f updatedfjoF gF. o] o AJoJA] chairman, building,
budgeto] deptNameo] EL2]Q] Z-2 chairman glol] =7 o] YAISIH S5t deptNamed} TFEHE HE
chairman S =73 lJoF &f.

2) insert anomaly : keyZF &3] X EZ] grof, B JHE inserter & H-=. cID(course ID)7} key
o] A2.2 department’F AAE STt departmentof courseZ}F G ER] 4O M tableof LFEFS 4~
S8 31Eo] Qloli departmentst AL tableo] BFIEE 0] MR/

3) delete anomaly : key?} 25| 2J =[] grof, £ ZH | figt delete Ao TfE T2 HJo]E7}X]
delete=. insert anomaly@} -2 BEFo &2 o] departmento] Ojsf BFR]EFO 2 YL courseE delete
o= 7F-2, course SFLEZL delete == Z1 Q1] departmentZF delete® 5 12, 2= o] o] x department
o ZAsre Ao] M

2. Bad Schema 2 : Bgl/4o] gl F<

A2 preo] gl course@F rooms joindll A-gerrtil SpRL. o] ofJAlofAl= 1 A2 myTable(cID,
title, deptName, credit, roomID, building, capacity)’} =& E o ZFFeF o]mf primay key— (cID,
roomID) .

1) update anomaly : 5JL2Q] cID2} A2 CFE roomIDE 7} tupleE 2 tableo] G EE 2, course
of giet 3 Ao & e tupleES HF 7 oHF 2.

2) insert anomaly : cID2} roomID HE=7F QlojoF QJeier &~ ¢l

3) delete anomaly : room-2 AA|H=d] BEo] = courseZ}R] gH7 AFA]E.

o[ HHEX] g2 Hlo|El57]8] ol F-97F B HZlsirtal gl coursed] migl YHE otk
o)<} BeIGlE roomell g J B} Slojof o] HHs] YT 5 oS,

7.1.2. Functional Dependency

Functional Dependency(FD)& oJ® UH attribute] gho] tFE attributel] o] Yol 23 ==

ZEAJO ars)

o 7102 =2 DO-°

O FX] &0 2, relational schema Roj] jaf] attribute o« C R2l B C R7F EXer uff, 9J9]9] &= tupleQ]
o 7o) 22 B 22 9 p7} adl tel] FDE Ak B El ol o — A% E7]E

superkey= BE &7 AEE FDE 7IX|E attribute seto]1l, candidate key= superkey2] 42S
orEsIHA] ik 2 9] subseto] EASIR] Y= attribute set® (minimal superkey).

FDE 57 tuplee] tfgt -S54 FARE, tables] constraint 215 5o A8 5+ 9IS
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7.1.3. Functional Dependency Theory

FDE &8¢ mjo] Zajer  Qli= o] 255 L HAL.

1. Trivial Functional Dependency

Trivial Functional Dependencys= ¢2]9] table9] tupled] a4 gFiF A& slH= FD
njgt FDOJ.

olE 59, attibute set a7} S W], @} 1 subset AFo]of] EX5l= FDE= gFyF A E S22 trivial
FD¢9].

=1gey

=

Wil
EOI'
I

7]

2. Armstrong’s Axiom

Armstrong’s Aziom(&2])& FDEXE b2 FDE 5 5 U= inference rule2, ofgje} Z+-2 3
ZER] rule2 744,

1) Reflexivity : if f C « then a — 8. =, trivial:Z LIEFY].
2) Augmentation : if o« — [ then ya — 5. =, Ookgoﬂ L5 gttributeE F7FF 5~ Q1L
3) Transivity : if « — 8 and 8 — v then a — 7. =, ?_3’5‘11]397?_7 EZS L,LE,LL,:,H

GoSIAI . FDO] OIS attribute] seto] H2 ayF yart
ol Ho] sptE #7]3)

arstrong’s aziom§ F3 FEE 4= 9= #71] inference ruleZi= of2ls} 22 AE] Y.
1) Union : if a — B and a — v then a — By. =, =Y3F attributeo]] fjet FD= g4 & 4 Q2.

=
2) Decomposition : if « — ,B’y then o — B and a — . =, T attributeo] ol FDE= EoE 4~
ol O

3) Pseudotmnszthty if « = B and By — § then ay — §. =, attribute= 3G attributeE 2 ol=
attribute 2 thAE 5 U=

armstrong’s aziom-= sounds]1l completes}ri= Zo] ZEHE]o] Q1S Sound(HZ)slch= 2L arm-

Oln
G
K
m
q
s}

ttributeZ| of 2] 7] £

[}
strong’s aziomS Eof] A EE FD7F eFyF - ashkS £¢F Complete(9Fd )sltt= 72 armstrong’s
ariom= Eof HE 245 FDE /‘”/‘407' < T 9le g Egp

3. Closure of FD Set

ofH FDoj tjgt setQl F7F EXjgt mjf, Fof] &5} FDEFE 7‘7’——7—?4 T Qs BE FDO] setS offd
FD setoj] gjgl Closuregf 5}, FT* 2 E7]gl. armstrong’s aziom:S soundsl completesFEZ2 FD
seto]] ot closureE £ 5~ 912

o]t FD set Foj] g5l armstrong’s ariom 2 closureE F-ol2{H, reflexivity2} augmentationS 2
§of ¥& FDE Foll £7F511, Fo] FD& 5 2705 #of ltf’am‘ﬂfmtyE A& 7 A= AL A&

Foj] F7}ol= 7pgS BHEeh = QIS o] &l O“F closureE 78 4 -~ O’X/E il 0}77’15- ol&
AZH o 2= AFGER] ghe o] 24 ' Q.

4. Closure of Attribute Set

o] attribute set AL} 19] tjot FD set F7] QIcfal 5JH, FE &-85F¢] A7} functionals}H] 278¢eF
£ ol I E gitributeS-S sfigF attribute set] Closured}1 sF1, AT 2 HE7|o} SrAsIA L o]= FD
seto] T2l closureLl= ofd o2 7hH .

attribute set AQ] closure:=, T3] AO]] 5l= Eo] glol FDE &-23] attributesS =7}ol=
DS witelo] 95 5 15 A o, ohh o] ol el come ABCGHIZ F4f - 25
R=(ABC G HI
-F={Ao8B A-C CG—>H
CG -1 B - H}
(AG)*
- closure = AG

- closure = ABCG (A—>Cand A - B)
closure = ABCGH (CG — H and CG < AGBCQ)
closure = ABCGHI (CG — I and CG ¢ AGBCH)
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attribute setQ] closure= ofgfje} Zro] &gk £~ 9J2.

1) super key9l=] &F2l
o] attribute set A9] closureZ} S5 relationQ] A attributeS ESFolTIH, AL super keyQ. G
SHAIE= o] AQ] subseto] super keyZF ofUH AL candidate key ]

9) FDS] .84 H5
a — BEl= FDoj] gjst 842, attribute 9] closureof] 371 EXJsF=X]E 2Folsto] A=

3) FDoj tfgt closure +5}-7]
attribute a Q] closureZ} 7} attribute B7F EASHIH, FD a — & IS + U=

Eae)
+ 9]

w
o

5. Canonical Cover

Canonical Cover= ZFo]Zl FD seti} =ol Hol
attribute I FDE 7}X|= FDO] set© 2, F, 2 H7]gF =,
canonical cover?} ]2 DBE designol= 0| O]/é Zsfely

=, FD set Fol] gJo}F canonical cover F,i= o}g@} Zro] 37}x] £ AL 9FER]7] = FD setd].

1) F+ = F+
2) F. o] FDE extraneous(&E 29 attributes 7FR]R] &=
3) F.o] FDEo] 7[x]&= z} left side= 7Y (unique)gl.

canonical cover= unions &3] FDES ¢12]11, extraneous attributeS | Aol= Y-S HHE5)o]

TG+ AL oelo} 2L A7} EAF. FAF S FuelEE Bsle] A g

{ ) B—oC

A B AB — (}

+ Combine A — BC and A - B into A — BC
— Then we have (A - BC, B - C, AB —» (}

= Ais extraneous in AB - C

- Check if the result of deleting A from AB — C is implied by the
other dependencies

« Yes, in fact B — C is already there!
- Then we have {A - BC, B — C}
« Cis extraneous in A — BC

- Check if A — C is logically implied by A — B and the other
dependencies

+ Yes, using transitivity on A - Band B - C
« The canonical cover is {A — B, B —» C}

S ZIX| A (closure’} EAgl.), 7 F4o19]
=, o]i FD seto] tjjol] 7' minimal 2, GAsA =

]:]O[l -]D.i

7.2. Normalization

7.2.1. Normalization

Normalization& DB design I} ojJA] o]H schema’} good schema9lX] HAFSF1, good schemaZ} o
L H decompositions 35}l T 22 1719] good schemaZ W= 2FS ofn]gl.

normalization& normal formof] wlal FPEH. = normal forme] E% © A S mostAL], EF
A2 decompositiong}.

7.2.2. Normal Form

Normal Form(NF, 4% )2 DB tableO] 3 F+22 EH
INF, 2NF, 3NF, BONF, INF, 5NF2 2 67]9] A2 L4,
=

ZF NF A 5L A2 subset BAZ, INF2 Z+ZE HoJo] setQ]. o]EH schema’l E% HAefLl
ol A2 JE&EE 2A 5 7F w2 AS onlek HAA A= SNF E+= BOCNFE AR5l Zo]
25,
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All relation schema
INF

2NF

3NF

BCNF
4NF

SNF

INF3E| BONF7FRI= FDE Ab§-5}o] H2JE. JNF} SNFE & AFGE] o ekl

Prime Attribute= 9J2]9] candidate keyoj] <35l attribute©] 1, Non-prime Attributer= oJH canndi-
ate keyoll = £5FX] 9FE= attribute Q.

Complete FDE= attribute setQ] subseto] ofd o] fjsfji{al £L4o] ZXsl= FDE ggf =,
complete FDQl o — BofJA] B+ a9] subsetd] oAl £L£4E 7FR]X] {’OTE,’— complete FD7F ofd
FD¥E Partial FD2117 gF.

Transitive FD= armstrong’s aziom < transitivityol] 2/t FD=Z, a — B2} 8 — v7F EX5F= F-$ o
OF v Apoof] EAJI AL Tlel

1. INF

INF(First Normal Form)& HE attribute?] domain©] atomicgt schema$®]. ©]& relational data
modelof 4] 9] 7] 2 Foloja 2 1L relational schema= 0|5 BFES},

ol A= FelHAITE, atomicslth= ZS Bl 22 H9IE UE 7 gleS ouet atomicsFR] 92
domain 0 2= set, list, bag, composite attribute 50] -=.
2. 2NF

2NFE INF 04 2-E non-prime attribute’} Z} candidate keyol] T8l complete FDE 7FX]&= schema
o]. = 54 candidate key= BE attributed] gl ©f ZA] LFE = 2.

AE Fol, ofef 4] #19] table2 ANF7} oF]31, 1 H ok obe}<] table:2 Z}2} 2NFS).

R(SSN, pNumber, hours, eName, pName, pLocation)
SSN pNumber — hours

SSN —» eName

pNumber —» pName plLocation

decomposed into

R1(SSN, pNumber, hours)
R2(SSN, eName)
R3(pNumber, pName, plLocation)

3. 3NF
SNFE= 2NF oA HE non-prime attribute’} ZF candidate keyof] TJsA] transitive FDE ZFX] 2] &F
= schema$). 2, a - BOJA a7} super key(CHE AE-2 £UsHA FH)ol AL, 37} prime attribute

ofok g.

transitive FDE 7} ] Sl AL 2 o] Zsicl= o2 o]sfgr o~ ¢lL.

. .

dglE Eof, ofefolA] Y] table2 SNF7}F of1l, IA-S Eafjst ofe] <] table2 Z}ZF 3NFY.
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myEngept(SS_N, Ename, Bdate, Addr, D#, Dname, Dmgr)
SSN — Ename Bdate Addr D#
D# — Dname Dmgr

Since Dname and Dmgr are transitively dependent on SSN
(not in 3NF)

ED1(SSN, Ename, Bdate, Addr, D#)
ED2(D#, Dname, Dmgr)

4. BCNF
BCNF(Boyce/Codd NF)&= 3NF o)A o — BoJA] a7} super key(tFE ZE5S 7 YolA] %)<l
schema®]. =, B7F prime attribute?] F-LE |25l A ¢].

ojuff F*7} oftje} Fo]Zl FD set Fo tfafl ATk super keyQIX|E 2Felop H. Fo sl o]
Aol Fof tiofAx gt 3k

attribute@] 7J=7F 27191 schema= G4 BONFo]B 2, ©f o]i) ZFsle a7l gl2. ofgjel Zo]
FPE thiro] ZUE + 9. attributels 27} A, Boh2 o3}

1) FD7} &= -2, (A, B)7F candidate key”l E 11, BCNF].

2) A— B7F JE5l1, B — AZF A &R ghe H-2, AZF candidate key”} E 12 BCNF Y.
3) B— A7} A g5}, A — B7F HE5lx] 9F= F-2>, B7} candidate key”}F X177 BCNFY.
4) A— B9l B — AV} B%= A5l F0 FDO 2l&o] B super keyo] 22 BONFY.

o]H schemac] gt NFE Heboh= 212 ofefj o] & AR ofnf] £4-& sHd 3o} o7 185 0H 43
1) R E candidate keyE 2. o|uff ¥ attributed A5 F+= FD7} YIttHA T attribute= IHZ2
candidate keyo] F7}5+H 2.

2) prime/non-prime attributeS 2.

3) NFE #Eg

-> 2NF. 2.E non-prime attribute®©] Z} candidate key©]] tj3}] complete FDE 7}3.

-> 3NF. FDoJJA] YZ] super keyo| AL}, @ E2Z0] prime attribute?.

-> BCNF. FDoJ|A] 91Z&0] super key¥.

key7} attribute 5LHE 71 tlis QytA o2 BAZL R o £]1L, 717} 27 o] 4kel gl AV} F2 0

-

7.2.3. Decomposition

DecompositionS bad schemaZ T & F7]E2 7}x]= o] 709 good schemaZ Eoflsls 714 Q.
ojuf decomposition®] 2Jaff -gH 2} schemai= good schemao]oF o}.11, decomposition ¥}~ lossless
ofof 3. EgF FDE B E5H= Zl0] o] 4= 9.

1. Lossy vs. Lossless Decomposition
o 7] oA decomposition A]Ol= Z]&E tableo]] projection 994FS 2]-§5) HoE tableS 4 gF

Lossy Join Decomposition F-= Lossy Decomposition2 235 Zal2 Y E = tableS natural join
SHH Y tableof= P tupleQl Spurious tupleo] A EE= decompositiond].

employee ; ID name street city 1| salary }
} 100 Kim Main Seoul 7000 i
| 200 Kim North Pusan | 6000 |
! . ———tee 4]
project i project
ID name | [ name | street 77(|ty | salary
100 Kim | Kim Main Seoul | 7000
200 Kim | | Kim | North | Pusan | 6000
natural jOiﬂ/, e
-~ N
ID | name street city salary
100 | Kim Main Seoul 7000
100 | Kim North | Pusan | 6000 |
200 | Kim Main Seoul 7000
200 | Kim North Pusan 6000
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Lossless Join Decomposition F-+= Lossless DecompositionS 28] Aif2 WA E = tableS natural
joindFH RIE tableo] A EE decomposition$.

A[sle] [As] [&lc]
all1|A| a 1 [ 1 A .
L”T 2|8 g | 2 | 2|8 |
J Mae(r) Maen
[Ty p(r)va My (1)
al|ll1lA
Bl2|8B

decomposition©] losslessO] 2] H EJE = tableQ] F-&E attribute’| = table 5 o]k SFLFOJJA] super
keyolof & B2 ol 22 2ol gl dek 20|, 37 oYW HolA] gL 4ol o
A= E e 27150 ZAfehchil .

2. FD Perservation

table RO] Ry,--- ,R, 22 E5g uj, 7]ZE tableQ] FD set closure F+ F£ojJA] R;o]] £35}F= attribute
oS 2L FD set-2 F;2F1 8} decompositionoj] Q5] FD7} BEE]2H, ZF F; 9] $FFeFo] closure
ZFFtet Yoty H. &, ol 2} tableo] ZFR]= attribute 7FO] FD7} EA5]X] glofoF 3.

FD7} HEE]2] k= decompositionof] A= FDE 2F01517] 2J5] natural joins sjof sFEZ, H]
.Q_o] u;l—o] =
O 1o 20

FD preservations &FI5l= A Z Q] ehg]&L ofgo} ZH2. o] = attribute setQ] closures EHggl

- result = a
while (changes to result) do
for each R, in the decomposition
t = (result ~n R)*n R,
result = result Ut

- If result contains all attributes in B, then the functional
dependency a —  is preserved

o}g]+= decomposition?] oA .
+ R=(A B Q
F={A>BB->({
- Can be decomposed in two different ways
M Rl = (&; 8}; Rz = (Er C)
- Lossless-join decomposition: R; ~ R, = {B} and B — BC
- Dependency preserving
* Ri=AB) R=(ACQ
- Lossless-join decomposition

- Not dependency preserving
(cannot check B — C without computing R; ™ R;)

7.2.4. Decomposition¥} NF

decomposition o]Z o= B El ZF tableo] good schemaS 7}R=X] BFolsoF gF. T g, o]H HAo]
tablez EajgF 2= & A&l oF &

2]2] 9] tableo] tfa] BONF ¥+= SNF=Z #3j5]= Z1o] 7F53l o]mf BONFiE= ©f o] & o]zt i3]
Aol FD7} HEF]Z] oFS 2 o171, SNFi= & o] &o] vt FD7} HZE. 2] DB 44 Ao o] &=
NFE fE/3og ggtty of

1. BCNF ®dF gy

ol tableo] BCNFQIX:= F* A7} ofd, F#0]%] FD set Fo tigiAt}t super key¢lx-5 =}F¢ls}

)
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. SIX]aF tableo] decomposition®E= F-2ofl=, Fo]X FD7F 244 4= QI o]of afzl E5jH table
o tisf 1= FDUHS 8864 BONFOI)E TIeiel == gli 0] Zash Hefel tableo] BONF

QA= ofefo} g2 w02 Feld 4+ 9.

1) Fr oA Bl tableo] attributed] ol 1
FHo]A] S

2) olglof Zro] attribute setQ] closureS -85l 2FQIg).

rln
&
S
Wil
N
~
2,
Lo
s
re
n&h

AsHAE o H3e 4

- Or use the original set of dependencies F that hold on R, but
with the following test

- For every set of attributes a ¢ R, check that a* either
includes no attribute of Ri-a or includes all attributes of R,

- If the condition is violated by some a — B in F, the
dependency a — (a* - a) n R;can be shown to hold on R,
and R, violates BCNF

+ We use above dependency to decompose R, further

ofglo] ojx|e} ZFo|, decompositionZ E3 BONF9! tableES Y& 32 & FD7F HEEE AL
o}y, tj4l SNF2 Eajsle Z-oo g4 FDE HESH 5= 9le.

R=( KL
F={UK—>L
LK}

- Candidate keys: JK and JL
- R is not in BCNF
- Any decomposition of R fails to preserve JK - L

2. 3NF @d gy

3NFZ 9] decompositionS ZFo] =Zof el anomaly”} EXet 4+ QIx|at, EX 7|HES 2-§olH
SR FD7F HEEEE &F 4~ Q2. =, SNF=29] decomposmon Fe2 FDO] HEo] HQoF 7L
1_

g
AFE 11, o] - B FD= Zof € 2} tableo] Tjafi+] g-§o] 7F5 3k

o ¢} tableo] SNFQIXE 2FQlol= -0l k= F*7F ofd ol 3l Fojl HigjA] HES o1 . ol
Sl thE AA " FD o — o tiaiA] a7} super keyo] 7L, B7} prime attribute Q125 %‘07017’0?
&F. o] gL HE candidate keyS ZFof EFQIsfoF slH 2 H]-§o] HFo] == NP-hard Y4
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