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1) Real-world entity
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2) Relational-based tables
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3) Isolation of data and application
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5) Consistency
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6) Query Language
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7) ACID Properties
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8) Multiuser and Concurrent Access
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9) Multiple views
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10) Security
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2. Users
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1) Administrators
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2) Designers
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3) End Users
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II. DBMS -ARCHITECTURE
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1. 3-tier Architecture
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1) Database Data Tier
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2) Application Middle Tier
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3) User Presentation Tier
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III. DBMS -DATA MODELS
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1. Entity-Relationship Model
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1) Entity
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2) Relationship
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2. Relational Model

DBMSOIA] 7bg Q7]9lE Hlols] 2@e @AY 2dol), o|3e ohe Arnt o el
odlojct, o] WHl2 first-order predicate logicg& <712 stil Qo0 stue] Hol&&
n-ary A2 ol

<first-order predicate logic?>

SAro] =o}7} 7§ ZMA| (individual object)d w] Ux} &oj=2l(first order predicate
logic)S Atgstthtal it o & =W "Socrates is mortal (AT EHAE =01 1t 2
d%oltt. g Foj7} EORE &o]2 F/dEo] 9 W 2= second order logic E+=
higher order logicg ARttty ettt o] 559 "Being mortal is tragic (F=tHe
2 y]Zo|t})" oA ‘Being mortal” 1} Z& 73Qo|ch



o] 2ao] R AL e Tk

O] B} relationo]gt B2 go]Eo|| A& =t
® relation2 normalization(®§#3hH= 4 QUct.

wdtebe ZefoldolM, AAHE w2 @AHatomic) grolct.

= relation®] Z} 2 2 (row)= LS S UERACH

Agt = QloA ARt gto2 e

o r&" 3
>.

m relation®] ZF ZF&(column)&

IV. DBMS - DATA SCHEMAS

1. Database Schema
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= Physical Database Schema
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m [ ogical Database Schema
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2. Database Instance
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V. DBMS - DATA INDEPENDENCE
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1. Data Independence
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VI. ER MODEL - BASIC CONCEPTS
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1. Entity

JhRlE A Eo]lE RAJEo]E(animate or inanimate) 47 Ol 4 Q& AANA A
(object) oltt. o2 =0, =AY HloJEH|o] A0 A, A, o] &X}, AN G2 & ZHAI7L
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2. Attributes
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3. Types of Attributes
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Ato] Fatist 10709 CRER o] 2oizl UAt Zholck.
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= Single-value attribute
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= Multi-value attribute
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£ 23 9
o3t 44 SPSS TheI e Yo §L 4 A

o simple single-valued attributes
o simple multi-valued attributes
0 composite single-valued attributes

o composite multi-valued attributes

4. Entity-Set and Keys
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= Super Key
gk 7y 2 o]idel &£/49] AAA R, A MEOIA 54 7IAE ATACR AET o ARE

et

= Candidate Key
+4 71 & ¢ o] €4 4 sl=(irreducible) eI 71l A
15

£4(@) & o= stttz Aeld

(7}

e e 21 718 Y 4 T ored
gl El Ze welth o2 Ai(minimal)2tiE gtk &, g0 AMS YF Lag
EE 2 Yol By Flo|ck



= Primary Key
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5. Relationship
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7. Degree of Relationship
WA Arofste ZHAIY 4ol whet WA F=T FojH.

m Binary = degree 2
®m Ternary = degree 3

mn-ary = degree n

| glRlo] 2AF 714/A% = JelAo] WA 21 P
unus/primus=mono, duo/secundus=di, tres/tertius=tri, quatuor/quartus=tetra,
quinque/quintus=penta, sex/sextus=hexa, septem/septimus=hepta,

octo/octavus=octa, novem/nonus=nona, decem/decimus=deca.

8. Mapping Cardinalities

(A TL LY M) o 71 7HA AlEO s WA =4S Zosty], o]l &
A HES &8 & NES iRl Aot 282 ol&H-



= One-to-one
7HAl AIE Aol Q= shde] ZiA7F Z178sliokat most) 7HAl M E Bl Q1= shuel ZhA|eF 2
bt

= One-to-many
7RA AIE Aol Q= sturel ZRAIZE ZHAl M E Boll Q= shu o9 JiAler AgE o Al
ok 7HAl M E Boll Sl stuel ZiAl= Z1AsHoF shute] ZiAleter A 4 9l

= Many-to-one

7HAl AE Aol = shut o] ZRAIZE Z17isoF ZHAl ME Boll Qe shuel iRl S
2 Atk 2ZA9 ZA AE Bol = stue] JHAl= Al AE Aol = st o]/4de] ZiA
of Y % Ak



u Many to-—many

Aol 9= stte] AHRIE Bol 9l shp ol o) ApR|et AE 4 9Uck.

VII. ER DIAGRAM REPRESENTATION

olF ER 2RZ ER tjojojaioz melsts FHo] oish Lofwxl o ZAx|(dS =9,
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2. Attributes
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3. Relationship
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m Binary Relationship and Cardinality
= 7H9] ZHAIZ7E Afofstal Rl ¥AE binary relationshipol2l 2&0h. 7t 'd@2]El= Ao

e

A 27w A" 4 9 ARl @ Aei(instance)o] 4 olck.

0 One-to-one
7V 7}

WA @A) $F Zigto] shutol Aol Agd Al 12 ®I|stt. oo ojux]= 2
! 2

of ZRAlol Q= ©A g ZigRe] A0 AYEo] e AE HoFin Qlth. ojAZ
one-to-one WA} 22

o One-to-many
gk 71 ol’de] ZNAIZE ool Alel Z2gE o, '1:Nol2} m7|F}. 59| o]ujX]=
gt 7 iRl @ 2&of Sl st 7 ol ZHAIZE WAL AREo] e A B 9l

C}. o]71-& one-to-many A2} FE2r}.

=2

o Many-to-one

gt 70 o] ZiAIZE stuel Aol A i, ‘N:l'ojet m7|stt. g0l ol YX
A T 7R olde i eEX e ©A & 7He] JNAIZE EA A E Ankes A2




o Many-to-many
ofgfe] ojulxE YKo Y 3t Aol MRS e2F
2gd g BoFil o o]7S many-to-many ¥

o =
Iz
rln
i)

» Participation Constraints:

o Total Participation - ZF 7§&|7} Ao mgtEich Xzt o202 Jelsict.
o Partial participation - TE J7J&|7} Ao Zatg]= =
2 msth

VIII. GENERALIZATION AGGREGATION

ER 22 WgH ASLACR folHHols 7iASS #dsted o AdS 2 o
ASol ZHd4E, olZl2 VIAEY RE AARCR QHtstAl7lE Zlolal, AlSo] Wdds

5 A" 2E JiAY Wge FAIsHA Alsett

o2gt LxoA Y& e/t AS U¥tei(gerneralization)2} stt, o W A¥tetd RS
BIsH7] Yol o €2 VIMES AT A& §0]. §EE A olg AHL'E ML
BE S gyt 4 Qo oA DoliA, AL e SRRl &5t o yoprtd,



e ARURAll &%tdn mAske Zloloh J2ja ol2idt Zlo) og /gAlst
(specialization)2t F2&0], oS EW, Afg'2 'S0, 1 spe E4ge Aol

1. Generalization

qe dutsiel 220, o] wgoA 4ARIYE Awts}

Aol matelrt, dutstolA, W2 T2 2552

% MAl= gARIstcy. of & S0, pigeon, house
L=

2. Specialization
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3. Inheritance(%4}4%)

QoA AMEst ER mdlo] ne EXS Ab23}o] object-oriented programmingQ &
objects?] classesE Ths0] BAL WA AT UGS ol &As ertdez & 4 gk

ol2|3t 1L FArsl(abstraction)2t B2c},

2]9] oA, Name, Age, Gender?} ZF2 Person superclass?® &£4E58 Studentl:
Teacher?} Z+2 subclasses(lowed-level) 7§A|S<L Person class® £452 At& db=r}

(inherited).

IX. CODD’S 12 RULES

dlojeldo] 2 AlARlo] #AY o] chat Be AT ol Dr. Edgar F. Codd AAZ
1279 7412 oiistoict. Coddi dlolelulo] Azt AHEl BAY dlojejslo]2rt w7] glahAl
©ooheut 2o Al defoliittn Fgstact

o] #AEZ HAY 752 AHESto HolHE ¥elst= 2E HojEHo]A A|AH0] A8}
55t, T35t 7]ERY] mE o2 A9 J|Eo2r ARRE 4 9l 7]xolr

Rule 1: Information Rule
dlolgjdlol A0 AgH HolE= o] &AL HolEu HEHHolHY 4 9l
shute] 3= 7hAof stoh HlojEfHjoj Ao Q= W= {2 HolE ZTHO

Rule 2: Guaranteed Access Rule



2= st 79l dolg 3, &, value + Holg olg, 7|&7], rowvalue, 121l
columnvalue ] HAZAE| o] =2|& o] EA L ojof sttt pointerset 72 7]EF ¥ 5
o] gloJg] Aol AFEEA| orotof st

Rule 3: Systematic Treatment of NULL Values

glo]fgo] 204 NULL2 AAAolaL & dA 0 2(uniform) F|g&ojof sttt o3
Q3 A9, 1 o]t NULLL HlojE7t BAEQAL, clolel7} qeiala] o
dolElS M8 4 9 2 39 stz siNE 4 9lv] GRolck

Rule 4: Active Online Catalog

Qe
SR A 2 A= data dictionarygti sH= 22491 7tet2 72 xAtg|ojof st} o] &
Ate Ataleol dlolEfHol Ao Hstet AMEShe Hdol= o] IER O AEE 4+
ot

Rule 5: comprehensive Data Sub-Language Rule

golEjH|o] A= data definition, data manipulation transaction management 7|52 X]
sk linear syntaxs 7HAIAL Qle o2 FIE 4 Qlojof shtf. o] Qoj= A Ex
Aot olFYAlolds &l o] &8E 4 Tt WL HoJEfyo] AT o]2fgt dojo] T 2glo]
olElo] F2SEE S @A, o]0 P violation) 02 715F Zolck.

_||rr1

Rule 6: View Updating Rule
olgdo=g fHolgHolAl] B FE2 AT 4 AT stHetE, A]AR] o5 “3iE 4
loforgt gt

Rule 7: High-Level Insert, Update, and Delete Rule

glo]Euo] A= 1AFYQ] insertion, update, deletiong A|¥sfjof 3ttt o]71-2 single row
of gt ML r]X| rotof sttt ESE data records® A|EES0]| union, intersection, minus 7]
SSE H8Y 5 glojo} @t

Rule 8: Physical Data Independence

dlol&jdo] 20 A7FH HojE = dlolEyo]A0] HIste ofEAold e S A]o]ofof &
o}, dloJgHol A0 Z2]A FLxof djst ojrgt ¥ete o] ofF2|Ao]lde] Hloly AT W
Holl F&= 7IAIA] otof gt

ol
— =

Rule 9: Logical Data Independence

glolgjdo]29] =2]A Ho]E& o] O|&A 7 &, application ytE =3A0]ojofp itk
=& dloEloAe] ofmet WHeldte 715 AREShe= ofEYAloldod Fd= ZIAIA] fotof
gtch o2 Sol, £ 7o) ElojZo] SHEAL ot At £ 7j9 AR Ch2 Eoj2e KA
Cete, oo o] &A} o ZaAoldo] ojmat FFolut WatS FA| otof ek of AL



olg] 7t FAE FolA JH4 e A £ shtolnt.

Rule 10: Integrity Independence
dlolguolAs 2313 AREshe ofE|Aloldat S Ajo]ofof gttt o] A
FRZ ofFYAoldole] ¥t} gelo]l sHAC

golEH|o] A= the front-end application 12]11 0]719] interfacelt=
+ ol

Rule 11: Distribution Independence

5% ol§Ate ClolEl7t TRt AT BAlEo] ok e %A 2ol ek o BA: 3
A dlolElZt TRl & RolE ARE o] At AAMS MRS sjof dck o FAL 2AY

gojEHol A AJARIS] 7|22 ofAX|LL T}

Rule 12: Non-subversion Rule

ot A|AENo] low-level recordsof B2E 4 9= QlE
al

o] 27} AlAEIS wl(subvert)stAlE, Le]
T 2otes sfof Frt.

X. RELATION DATA MODEL

HAY dlolg 22 7|Eo] E+= golg ZHo|n, golg XNt AelE ol A A|A oA
de] AFRE|D Qlt) o] WHlR MHSIH, Ay 58742 =0|=F HolEE A2lst=t Za
st 0= AW de8 7HAL o

1. Concepts

= Tables

o2 =299 AHE 7KL 9oy

= Tuple
WAL Hol59 ©9Y =&

fuju
m
[
i)
o)
qz
Fru
in)

m Relation instance
UAF tlolEfdo] A A|ARINA BHEF2 S74¢Hfinite) A|[EE2 ol AARAZ |

& 4 Qlth IFARE Zeold AAHA

ret



m Relation schema
ol d A7|utol= Zeo]

!

=5

71

o

)~

10]2 %, tablename, &4, J2]1 17159 o]&

-

= Relation key
7 29+ Hol2o] gt 295 qUsA AER & Qi relation keyah: @ 7] olae]

b

g At

m Attribute domain
BE 45 &4 =UQIA 0]2) Folst A1) gre) e

i

203 Qe

2. Constraints

E_]O] o]

WAL SEF WAL o] shor ofd £7 < relational

2 AS0] 9l &
integrlty constraintsg} Y2t of7]of&= 3 7HX]Q] Q8 i Ak

m Key Constraints
® Domain Constraints
m Referential integrity Constraints

oKey Constraints

dojo]de] FE(E)ol+= Aoz gt 7} o2l keyZt EXJsliof gttt o] A

259 AME & 7] mRolth ol2jst 452 WalolMe szt Rech sl o2t 7]
s

== T T
7} st 7] o]AtolelH, o] € candidate keyszgtu H2r}
key AlfxRAoA RS A2 o3 Zoh

a3k 79l Zeol o= Aoj= gt 7ie] 7|7t EXsliof gt
7] Ao¥x718 TSt Entity Constraintsgtil = 2 2C}.

o Domain Constraints

S22 ANV AU oA S e Qe o Sol, Yolt ©al g Faer /bl
4 oo EZe Aopazio] BE Weolde 44S0l4 HeY & Ak BE 448 53
g Helo g 1 4 9ok o2 Sol, Uol: 08C) AL 4 glon, Mafist 0-90]9)
of 2418 71 4 ¢

o Referential integrity Constraints
AREAE Agrd2 Qei7|(Foreign Keys)9] 7igxt Aol ot elziz|st th& Heo]4d

o 718 A=xste £4oIt



<9271 NULLS 71 % girh
AR FelolHo) 7Ry it

ne
ol
==
©]
-
0|
i

oML St Yefolo] C}E E: FUT PelolNel 7|2 AxFTIA,

FREAY Adzd =) ]| o
171 47 EXfshor kil Hakal Tt
<ok
=N nEL

=AM 2

M (EMHZ EMO|E SEAD| S MBI
DM (DS DHO| S T4 WS HE)

ZE (CEUS INUSFEQ ENASFOFELRFESA)

JE 6-6 =aiE 2Eye] of

[ EM (EMES S MH0I= EEAOIE S ASIH D (DHBS DWO| B, FLTHHE)
o - -
CREATE TABLE Book ( CREATE TABLE Customer (
bookid INT PRIMARY KEY, custid IMNT PRIMIARY KEY,
bookname VARCHARMED), Il name WARCHARAO),
publisher VARCHAR40), address WARCHAR(40),
price INT phone WARCHAR(3O)

FER(ESHS DRSNS FOEMESFK,ESLALFE=9)

CREATE TABLE Orders (
orderid INT PRIMARY KEY,
custid INT REFEREMCES Customer(custid),
bookid INT REFEREMNCES Book (bookid ),
orderdate DATE,
saleprice INT

%

~ SE—

OE 67 28lE =mdde| o



XI. RELATIONAL ALGEBRA

AERIO| M= o] &AT9] tlojEH|o]A QIARIA BAS =7] 9sto] Y
Alssta Aok F 7HA] S/ #Hel o7t =4l st relational algebra(Z2]
ol d tj4)o]iL YT X|= relational calculus(Z&fo]4d sfjAd)olct.

22 inputo 2 Ho]H9 QJQAEAS MAXTH
= AXRAFAQ] He] dojo|ct. o]ZloAE= HY S ZFdistr] Yo ofe] 7HA] &
sttt A4HAt= unaryo|Z4 binary ¥ & don, o]A=2 AHAlE9 inputl
oS AFL3SH t}2o] outputoz @ o]HS A=t} = Hefloldut
2N

l
Aoz 350, F{Hintermediate) 2tz % dojd o2 LERITE.

ek ol

>
wu |
~
>,

i

i)

i)

>~

Lol th4o] 671A] 7R J15EL ket 2k

o Select

o Project

o Union

o Set different

o Cartesian product

o Rename

1) Select Operation ¢

ol ZeoldoA AFE 2SS UHEAI= HESS AHETH

<E79: o r)>

o HE 271

r: Zefo]d

p-and, or, notdp #2 ANAE ALEE 4 Qe AAAA =252 (prepositional logic
formula). o]2{gt 8oj52 = =, =, <, > < 2 Fo]IF HMAZ AEH 2=
At

<<o|A|>> BooksQl HE|o|Eo]A],

(1) osubject="database(Books) 3 )
Output - A7} ‘database @l S-S EZ2 AMeFic}



(2) osubject="database" and price="450"(Books)

Output - ZA|7} ‘database’©o]1 ‘price 7} 450901 MES E|Z= =2 Al=isic}

(3) osubject="database" and price < "450" or year > "2010"(Books)

Output - Z=A|7} ‘database’o]1l, ‘price’7} 4500|HY EHAZ7F 201091 AMES =
2 Mg,
2) Projection Operaton II
OJAL Foj7l RS WEAZ|= ZHES 22T (project).
<BI|H: II A1 a2 an (T)>
Al, A2, An @ Z2o]d ro] &/4ol5&.
ol d2 stue] Agolaz, 35 2952 AlsAos AAHY.
<<O|A|>>
H subject, author (BOOkS)
Output - Z20]d Books2HE subject?} authorz YHE O Q= AHEZ AlEISHY
gejer).
3) Union Operation U
8 b o] Agojgtnt:

0|71 = 7i9] Fojxl Y o]HAE 7t binary uniong 4335t thS

rUs= {t]jterorte s}

<B7|¥:r U s>
r ¥ s& dlo]EHo] 2~

dyglo] Mol Ay ol A3} ME = temporary relation

oftt}.
SRS Aol fESHY, o2 2 2Ue FFAIACK
sl s FY & 9 £45 7RI Qlojof gttt
« & =Rl P Z(compatible) &~ Qlojof gtk
+ 359 HES2 Ahsder Ardn.

<< A]]>
I1 author (BOOkS) U Il author (Articles)
Output - Ao} KAto|AHL eh&7|Ate] AAtO|AY & 7HA] RF9] AAH9] o] F& &2

=3

4) Set Difference



AT 2ats o i Zefojdole e & WAl Zeoldds §

rr
m
3
ujn
)
)

<BVB:r —

ro 9ou sl gl BE

ulH

=
=

o
wE
rir
)

IT author (BOOKS) — II aumor (Articles)
Output - AM9o] &A}o]R|gt st=7|Ate] A A7F ofd EHE2E58 Aber}),

=

5) Cartesian Product X
o2 & 719 M2 g Zeo]do A= JBE stz ZA|ZI

<B7|¥:r X s>
rif s= Zeo]dSolH, ojZlE9] Avte thaat Zo] Fojd 4 Stk

rXs= {gqt|lgerandt e s}

<<O|A|>>
IT author = 'sunh'(Books X Articles)
Output - Books.author & Articles.author?] Z#o] Zto] ‘sunh’Ql Tzjo]A

o}

6) Rename Operation P
Zefo]d EH#Q Atz FA] o] do]X|Th 0|52 ojHTt o]Fk i QA AT AHYH
7se A Zoldo o]§& Eol=% 3ttt ‘rename’ 7|52 A2 1A FAF rho p

ot ?ﬂﬂ g g

<H7|¥H: px B>
B9 B9 A7h= x© o]lg2= AgH

oyl F7HQl V5o R Cheu 2L ZSo| glck
m Set intersection

® Assignment

m Natural join

2. Relational Calculus

Aol dper gazen, Yol Hue HIWW BALololet =31, olte 29
o = N

sfof st



1) Tuple Relational Calculus, TRC
BHZ W49 HYE filtering stot.

<#7]¥: {T | Condition }>

242 WHEAIE ZE HES TS SdEH

<<Of|Af|>>
{T.name | Author(T) AND T.article = 'database'}
Output - ‘database’2t= 7|AFS 22 Author®] ‘name’o] S0 9= T E {

Hoj&E

3]

=
=2

tlo

Agz
TRCE= AlZFste & iy, 2]+ Existential 3 and Universal Quantifiers V& AFE&

<OA>>A |
{ Rl 3T € Authors(T.article="database’ AND R.nam e=T.nam e) }
Output - 91°] Hal= vj2 oM} EASH ATS BolFT)

2) Domain Relational Calculus, DRC
DRCO|A, filtering W= e BHE L iAo, YolA TRCoA E AXMH, &4 =4

Qg ALgeHt

<B7|¥: { al, a2, a3, ..., an | P (al, a2, a3, ... ,an) >
al, a2t £450l1, pr W 4450 os) 758 BAS Uerdch

<< A|>>
{< article, page, subject > | & TutorialsPoint A subject = 'database' }
2 o] Tutorialspoint2 Y& ZA|7} ‘database’?l Article, Page, SubjectZ Aj|Zstr}.

TRCX™E, DRC 9A] existential and universal quantifiersg ARgsto] Z/d&
DRC 94| Yelold¥ Q4IRS ZFAZ & 9tk

olq-_

+

Tuple Relation calculus?t Domain Relation Calculus®] E 332 Relational Algebra®t

FSait

XII. ER MODEL TO RELATIONAL MODEL



ER =lo] tojojazioe 7idetd mf, o7l olsstr] =S JHAl-2Aol ot sial A
Al =S (overview) Algottt. ER thojo] 2382 AP A7|ofet whdfol(mapped) & 4 9
o oAl Z8liA, ER Toloj18iS Atgste] AAlY A7lukE e 4 e Zoltt. el
AP 2o e ER AgxEe HEAE pe AT 28T A7]ukE AR »e 9

=
ER Diagramg Relational Schemaz WHZA|ZA £ Q= of2] 71X XAt Eig]5o]
S oldls & o A2 AtsetEof lem, & o Z2 502 A2sfiof ¢t
2]+= o]A| diagram contentsE relational basicso]] 30| A-&A|Z (mapped) 70|t}
ER Choloj1aio] 9 7Hait ohewt 2ok

w iRt o]Zlef &4,

w 2= WA 2.

1. Mapping Entity

A 2 7HY £44S

tjo

783 Qs AANAIY ZA|(object) ot

o Mapping Process Algorithm
« 712F0] Aot} Elo]2g o
«IHAIS] £E=2 Eﬂol‘jJ |

Zeth
7)E7)2 gt

=tk
£t oo sttf, 27 AA1E9] 51 E data typesZ

2. Mapping Relationship

e 7iAEY 2ol



o Mapping Process
s dEo]d & HolEZ U=
s AR E9 LRSE HolH EZ 7HRAL QLo TA] Ho]EQ] HER ZFos)
AE9 712715 A7dsdt
« O AP £45 7HRAL QT E,

Je
sFostal e JiAlEe 2E VIE71E EHEE}% ek 7He 712718 A

“BE ely)e) AR HATITY,

3. Mapping Weak Entity Sets

oFgt M MEL ofE % s|u7)et AAHA Pict

o Mapping Process
< o3t AR AEGO] Elo] 2
sole) BE £45g WA
gt

IR AlES AlEsh] 9
“RE olE7]o] AokaTS Mg,

4. Mapping Hierarchical Entities

ER9] specializationy} generalization AEA 71A] N ES9 ez mdwct



o Mapping Process
« 2= AR ZRAO] ik HolgEs T

A AL Hol2E grEC)
«ARH TR0 Elol 2ol nAIY JiAle] 7|71 TR et
FAHY ol 2o ARY AAS] BE £45S el Ftct.
« 2APY Ho| 2] 7|E7]et AR Ho| 20| s|Er|S Mgt
L B = RIS

XIII. SQL. OVERVIEW

SQLol A tolEHojAo] m=2 Jajq] ojolrt, o]71L relational algebra 12]1l
tuple relational calculus®th A5t (over) TARIE QT SQLL ZE = Q35 RDBMSeH
shite] m71x % oj2 1 Qrt.

SQL2 dlolg 7gojofet glolg xztojz JAdE o] Qo SQLY HolE g9 {4525 AHE

o]
ghohel, w7 dlojEdlol A A7]0lE CAlIstL WAT 4 glon], Holg £A 4o
£ dlojEuo| A% TR Holeg ARSI P 4 9ok

=2 T

1. Data Definition Language
SQLOA = dlo]EjHo]A0] AF|utE Ago|sty] ¢fsto] o3t 22 YPojs= AHES:

1) CREATE
RDBMSZME| A2 dlolejslo]~, Blo2, HE BhETt

<of| &>



CREATE DATABASE DU _library;
CREATE TABLE Books;

2) DROP
RDBMSZ Y E 3o}, B Ho]&, 72|11 go|Ejo]AS A AH7IC},

ol A]:

DROP DATABASE DU _library;
DROP TABLE Books;

3) ALTER
dlolefulo] & A7]obg WHAZICE

Alter object_type object_name parameters;

<<OJ|A|>>
ALTER TABLE article ADD subject;
o] Wo= Yajo| M articled] subjectzl o2 74l & 7o) 48 Frlaict.

ALTER TABLE article DROP subject;
o] o= ZH o] articled]A] subjectzt= 0|5 7HAl st 7RQ] £/d8 A7t

2. Data Manipulation Language

SQLY|= data manipulation language, DMLo| xZgtg]oj Qlt}. DMLE inserting,
updating, deleting® Al&sto] HlojEjulo]A QlAEiAZ Fatslir] ALg3tch DMLE fo]
Ejyjo] 20 A gojE] WPt APE "= Zo A Aot SQL> DMLO tfgt ofZat 22
HEol AMEZF 7HRAL

= SELECT/FROM/WHERE
» INSERT INTO/VALUES
» UPDATE/SET/WHERE

» DELETE FROM/WHERE

b gAtz stol2 clojelet RS Hlole]
LTS AN J5e d™stel a@MoR PML Jhsates g

1) SELECT/FROM/WHERE
o SELECT



Ao A AAs =A

o]71> SQLY| 724l He| P oiHof sttolnt. o]
1} SA}sict o]Zle WHERE &7 % e

o FROM
o] ofF(clause)oAl= AEstH ALY Z2AESIH = £/d529 <7 (argument)’} H&= 22

o]d9f o]F2 Algettt.

o WHERE
549 379

of e meMEsL 4

<<Of| A >>
SELECT author_name

FROM book_author
WHERE age > 50;
o] book_authorZ H£E| U}o]7} 50A4] o]AF9l author_name2 E|o]

A=

=2

o] gHhoj=
2 HojEo}.
2) INSERT INTO/VALUES
W 4dHET o AREsi

o] ¥gol= HolF relatione] 2-%of 3

. 1) VALUES (valuel [,

<Ft(syntax)>
INSERT INTO table (colum nl [, colum n2, colum n3

value2, value3 ... ])

INSERT INTO table VALUES (valuel, [value2, ... ])

<<O||A|>>
INSERT INTO Library (Author, Subject) VALUES ("sunh", "digital library")

3) UPDATE/SET/WHERE
o] ¥ol+= E|o]= relationo] )

<>
UPDATE table_name SET column_name = value [, colum n_nam e = value ...]

[WHERE condition];



<< A|>>
UPDATE Library SET Author="sunh" WHERE Author="anonymous"

4) DELETE FROM/WHERE
o] B3ol= HlolE relationd 9= ¢ 7 o9l 295 AMAZ ©f AREeitt.

<>

DELETE FROM table_name [WHERE condition]:

<< AJ|>>
DELETE FROM Library WHERE Author="unknown";

XIV. DBMS-NORMALIZATION

1. Functional Dependency

4B 5Y(FED)OI & 7j9) Laloldol Y F A £47te) AeFEZiolch. B4F49 o
012 AHEH, WY £ jY EESol £4 Al A2, ... An§OR FUN FSS 2T Y
oh, o] £ o] 2SS 44 BL, B2 .. BnolME U e sprol stk Zlolch,

2. Armstong’s Axioms

gt Frb 45440 MEH, Feh: FYl closure(Zi): Fo os) wejxoz ne
b 2oiglimply) 245449 MEOTh YAEZC] Felt g AES] FAC
vrEAo R XQETE, 4 E440 closurert ASaA AAEIkE Foltt.
= Reflexive rule(¥kAte] -z2])
Y7} Xo| BEAlgols, X — YoIc},

= Augmentation rule(2tf9] F2])

9roF X — Yol®W, XZ — Yzolc}. o7& olEsti 9k £4e A7kt ZlolAle 7|eA



2l 9

r|->i

ge st

62

ot

» Transitivity rule(o]s§e] 3z 2])
4ol oleA FAlm ok gheF X — Yoli Y — Zol¥ X — Zo|c},

o] B0l we}, kI 2L H4A

2
o

280 2 4 9lc.

m]

&) 442 (Union): BHd X — Yol X — Zo|H, X — YZo|r},
Al(Decomposition): X — YZo]#H, X — Yo]i X — Zo]Jc}.
A} o]8& A A (Pseudotransivity): §teF X — Yol YZ — Wol®#, XZ — Wo]c},

[}
Jo fr oo
ol
=
o
oX.

O

3. Trivial Functional Dependency

» Trivial(g&rsth)
A FD X — Y7} §X1E 1, Y71 X9] HEAISto|atH, o]

-

< trivial FD2} Y2},

= Non-trivial(J &3stK] ¢2)
gkl FD X — Y7} ©X|% 1, Y7} Xo BHxIsto] ofjald, o]Z<S non-trivial FDa} &
<

4. Normalization

clojefo] A TxpQlo] AHSHA] FtH, HlojgHol A PRAE e 2 ol g
(anomalies)o] 2710 mZstd £ 21E+. Ol*o*éd*o*% ZE0 Qe HlolHyolAE R PFst= A

Aol grtssiet.

m Update anomalies(7§410]A})
td golg] ofol®lo] ZojX Qi AMEAME JHIEZ] JIEO] QA ATHH, FFES o]
A SE 2 Aot oS S0, 27F o2 Aaro 2o/ Qv ARES A e g 719 g

OlEf ofo]’lZ Z¥AlstuAt & wf, <Rte] QIAHARRS Zupar A" & AA|T, WA
oE e 7IEY U2 /A "o o] Z2 JAHASE HojEyolAS duY e

(inconsistent) AYEj 2 Tr=r},

m Deletion anomalies(2HA] o] A})
o7t elmes ARt sHAlgh, 279 ARt AXE R o

© 7t WEA] oA, ofE o ol UHAIZE &%= of

w0 rlr
)

= Insert anomalies(37}0]4})

2ol A3 EAfstal e #laeo] Hojee Fotsteln dit



Asket R olelsh olgRNS Aiste Wolo], HolEuolAs AT ok AHZ §
A7l gl Aol

1) First Normal Form(1 NF)

1 NFojA &= Zafo]dQl 2 ApA|E Aelsttt. o] fAloA Aolsh= 7 ol v &

o 2l
N =
9lofo} gtk Zlolck, WxRgrol A7 4 gt W lolct.

—
NES AXIZFS 7IR| 1

2 H9 Hole& 1 NF= ¥3st7] ¢fsto], offixd deoldez AgT 4 Ao

7 s9e ojo] ol AR mojdloRRE ThA| st B TS Zhch,

2) Second Normal Form(2 NF)

2NFE vie7] Aoj, theat 22 Z1& olsfistofof &t

s



= Prime attribute
71271 (prime-key)?] 4%

= Non-prime attribute
7187]9] 718 &£X4o] o}

M
1
b
oX.
o
N
rc
b
2
o
o
ol
Okt
a0

rC
b
oX.
e
=
N
re
b
oX.
o,
o
z
L

9 22t 2 NFE PAsteldl, BE 7] S4o] 7]87] 440 @AsH 2amoz o
Eotolof gtk ChAl WA, Pl X > vabwl, X SuAe v 5oe ExjatAlRh Y o
X 75lo]ct.

2 2]= Student_Project Zo]HE BT 9lon, 0|79 7|E7]E5L Stu_IDQ} Proj_IDo|c}.
TAlo] whet, v]-7] £4 &, Stu_Namei} Proj_Name oFZo] o]&sfjo} 5HA|gt 7fHEA 0
2 shue] Z]E271dTE oESH et AR 27 & & e 22 Stu_Name
Stu_IDo] 9Jslf, 22JiL Proj_Name Proj_IDof| 9Jsfi z}z} AlHo] 7hssith= Zlojtt. o]
St 71& partial dependencyz2} B2 X0k 0]712 2 NFoJA] 3]

L2l 99l O=XA Student_Project | o]AS F= 7o) & o]M Student?}t Projectz=
Ueoleh. webA oA 7 Zefoldo] S4olAE olfE REA o|EME Exjstal ererh.

3) Third Normal Form(3 NF)



glojdo] 3 NF7F 7] fJsliA= 2 NFo QlomA, FAlo offio] &2 TEA|7A o}

o

Ll

mo]msh B]-7]8 &4 & 7|®7|o] Mo]A(transitive)O 2 9] &5}A] oroto}

O

sty

m o]H non-trivial &4 £440] X — YL A0, tt29] & %9] sttojof st
o X #m7]0lct,
oY+ 712 &7l ofytt,

9]9] Student_Detail Zgo]MojA], Stu_ID= 7]o]HA] SUst 7|2 7]o|t}. E&F City:=
Stu_IDERH obje} Zipol & WatehA oEata itk Zip #W7|0|AIE, Citys 7|2 44
o] otyt}. wata] Stu_ID — Zip — City7} A&, 0]Z& transitive dependency o]z}t

3 NF2 957] 9iA. Sej chgat o] olafdt Jeoldg 5 A9

4) Boyce-Codd Normal Form(BCNF)

BCNF+= €743] aliA 3 FNO| egolct. BCNFolA = thaf o] 24t

= olm & non-trivial &4 F440] X — YL A0, X rm7]ofof Sk,

BCNF S ¢ietst= Zefoldo] i Zsiabg2 otefiet &t



m BCNF £ QJ¥Ist= nontrivial FD X -> Y & AH=r},
« = 7o) Lofoldoz et

SXY 2 24" Lefold sh

« X oF UHA] &&= #dd ZeolAd sty

9] W& Student, Course, Instructor ojAjof HEA]7|H oo} Zrt.
m nontrivial FD Instructor -> Course & AHQtrct.
= = Jjo] Yaloldoz BafEit.
« Instructor, Course sttt

« Instructor @} UHA] £ 52 A= Instructor, Student

wolleh = 7He] Hefo]dolA 7IE Heflo]dolA AFAAE S Y £4S V1= siEd. 2
21 BCNF 7bR] RE5A171= ol & 707F A71A gt

ol F 7Hel Zefo]4d2 olAl BCNFo] Qlct.

XV. DBMS - JOINS

f2l= F do]dE9 Cartesian productg AMEFTO=H S & Q= AH(2s FEE
2 ARA 0 & pair2 AlFeths Z)of dish & g ot T2y F4s] B2 SPEE A
e & AVe RER Y Ao Heolds v HA™, o' H o= o3t Jt
ZE|QF AZ AMEsHZ]7 A 4T

JoinZ selection AA}o]| 48te]= 7I2EQF Ao ZES oJn|sttt. Join 7|52 iff(if and
only if = iff; FFo]#H)o] FojXl RS WEAZITHH, A2 O Hojdozy F 7i9 H

22 A(pair)02 AFAL.

WESHA o2 7HA] F-7<] Joinol tis ZopEAL.

1. Inner Joins

709l AR (A, B) 9 W FT ol

A {1,2,3}, B {2,3,4 } o]H {2,3}0] inner joino|c}



1) Theta 6 Join

=

e}

=7

o Mgt £UL WEAZE A2 O DEoli RESS AYAL o] £l
s AEF 6 2 BAIR

rlo by

e e

<£7]‘ﬂ> R1 X ¢ R2
R1¥} R2E= &4 Al, A2, ... ,An 12]1 Bl, B2, ... .Bng 7Ix]|11 9= o]HdE0|H, 9]
4950 42 ojm3 A% B ooz, o2& Rl N R2 = & ofrh

HEp 2012 BE £§9| u]D AMALE ALSE 4 orh
<<OJ|A|>>

Student

SID Name Std
101 Alex 10
102 Maria 11
Subjects

Class Subject

10 Math

10 English

11 Music

11 Sports
<<<YPH>>>

Student_Detail = STUDENT MStudent.Std = Subject.Class SUB]ECT

<KLEHE>>>
Student_detail
SID Name Std Class Subject

101 Alex 10 10 Math
101 Alex 10 10 English
102 Maria 11 11 Music
102 Maria 11 11 Sports

2) Natural join

STiA o] sh= Wit
HH(concatenate)o] Tt 2= F Zeo]Add Tto] Aojx st 7[e] & &/J%ho] EAsh=
deogt AFA RIS 23T 4 Q. metA o] £452 5YUSH ol =0l ZhAofgt

5ty

-



e

eloldol A 4ol go] FUsHA uhAy

3

rr
1P

<< AJ|>>

Courses

CID

CS01
MEOQ1
EEO1

HoD
Dept
CS

ME
EE

Course Dept
CS
ME

EE

Database
Mechanics
Electronics

Head
Alex
Maya
Mira

<<<Aq>>>
Courses X HoD

<K<EE>>>
Dept CID

CSs CS01
ME MEO1
EE EEO1

Head

Alex
Maya

Course
Database
Mechanics

Electronics Mira

2. Outer Joins

Da)

ES

b

Q12 inner joino|z}t A

R

ojrzRlols EA tAE=
Zefo] oA AMejEtt. 12

=5A1717] YshAe

=
—|}\C-)]E
o=z

outer joing AL

A

ruﬁ o
ob SN
a

[©)

8wl
i)

99719+ 3 FF7F Aot
o left outer join
oright outer join

o full outer join

m Left Outer Join(R =X S)
Left Z2fo]4dl Rojl
Right Zefo]dQl Sof 9+
S-&£458 NULL=Z x2]gict

o=

o]
AN



<o|A]>:

Left
Courses
A B

100 Database
101 Mechanics

102 Electronics
Right

HoD

A B

100 Alex

102 Maya

104 Mira
<<PHA>>

Courses =M HoD

EE>>

A B C D
100 Database 100 Alex
101 Mechanics -—= -—=
102 Electronics 102 Maya

m Right Outer Join(R X= S)
Right @efold Sol 9l BE HESo] 247 Wejoldo] myeh SO FEE3 RO X
S0 M2 AR A d=tdH, At o] R < NULLZ Azjgidh

1
Jp
oX
jn

<o A|>:

<<PA>>
Courses X= HoD

&>

A B C D
100 Database 100 Alex
102 Electronics 102 Maya

--- --- 104 Mira

= Full Outer Join(R == S)

FHNA Fojsts BoldSY Re FEECl S Zeoldd zdEn. gE F ol



A R BESo0] Aok, ol 259 247t u-0jy 4458 NULLZ ZAHch,

Courses == HoD

A B C D
100 Database 100 Alex
101 Mechanics -—= -—=
102 Electronics 102 Maya
-—- -—= 104 Mira

XVI. DBMS - STORAGE SYSTEM

= Primary Storage

CPUO AlF A2 4 U= vl XNG717|(storage)’t o] H&of &ttt CPUY W& o
229l register, W W 22|Ql cache, 2|1l W|Ql 22|l RAMZ CPUY| AF HIL
2 9oy, o7& 2% motherboardt} CPU chipseto]]l Ate] Al ek, o] XZA7]7]+=
AYFoR U AR, £27F QU wE 2ok ohe}, LA (volatile)E AT 9tk
1A /37171 3519 JeElE Alst] gistol A4l A B3S BRE It Aol 7]

A HW, 270 BE HolHE At

m Secondary Storage
2xF A7) OjEke et oloje Aggolu MggoR AMgEC 22 ARV]7]E CPU



chipseto]u} ofjE =o] AB7}F ofyn, nf1uy"d fA3, Fst ffA3¢Ql DVD, CD, st= ¢
A3, flash drives, Z2]1 0t2U|g gHlojze} 72 Hra] 77| 3

m Tertiary Storage

3R A7171e et 49 HolEE MMl $stod ARESH. ol2fgh A7+
A|AEIO] QB0 glong, oS £=oA ZPF Lot ol2igt ATV AR A
~gjo] AMybHel wWelg o AgHCh s} clAdet of1uE Hlojn o] 37 XYY

~

LIS =
o) AbgE T gich

1. Memory Hierarchy

AFEH A28 & A9 A5 29 vz E 7R gt} CPUE el ol 2e] et oy
2t YaE ol 2ARIAH A F2E 4 Aot el wRe]2o] FIARMe 295 CPU
=W ohs 22 o2t £%710] EYX|(mismatch)E £ A8Fst7] sto, 74 2=
cdstt 7iA viwels 7P wE Ad AFE AlEsts, olAddl= CPUZF 7P Ak A
ke HlolEi7E A= o] et

7HAF w2 A2 & 50] tRa]= o] 7HF BIxttH costliest). &% AAV| 7| = &£ 271 »2]
A|gk, o] A S HIMA] otk X9 o752 CPU A AEHU 7i4] t=eo Hlsf Shofst
4ol golgg AT 4 U

2. Magnetic Disk

sl gA3a cejolHL 3

3 ARE AlA=olA Jh QubEel 23 AR717] olct. o]
g oty gaszet 2

st o5 ARE Agstr| Yistel MAzlel A

2 Abs] mgoltt. stE Cja3E M| 240 3YH 24 rjadolt. o] fazse
gt 7jo] FAl&(spindle)o] 2Al02 AolQlck 97]/27] HlEst AT Aol S04 1
70 Wol 9l WM (spot)ol RS YsIAL AILAY Feh Apde = wbde ool 12
QAl=lc},

St UAFE= a&40% HolHE AAsh| fsto] A ZFojsl A2 ZUED. stt gA
S ARG JHX 1 Qitt. BE EMC sectorsE UHOX|T FHE
gado Qe g AlEo= APz 512 Hlo]EQ] HIolHE MY & Q.

3. RAID

RAIDY Redundant Array of Independent Disks®] Z%o|n, t}9] 2X} AA7|7|S AsH



mlo

A7IE F1oln, o E
]_

ojsto], thxo) fA3

AR A AL RAIDE ofg] 7hx] 2Ag 2yst]
Nz Agd v "ejs 2a ot

XVII. DBMS - FILE STRUCTURE

Mz HeE folHe JEE oY oo AuA oz XNAAHED. ool ol ZU
FE =AHAQl(sequence) A EZo|tt. AT L=E= 2
502 zoidg o IS olest A3 5550 gt mapped).

1. File Organization

FOOIM & Hado mtd fIEs migsts S Aot o HEi=s 245h: Hie

47}x10] g3l 9lck:

1) Heap File Organization

Heap File Organizationg ©o]835to] o2 gl 0], Operation SystemoA= ZF71AQ1 U
AZ 1o ¢ oY mYgol mue XE2 FEettt. o it Tt tlwe X
= ogdrt At2lE Feth olggh gIes Hestes A2 HiE AZEQo|9o] AMQlo|r,
Heap File& I ApAJof Tid o]J©d 3t ordering, sequencing, ¥+ indexingg A|¥5HA] L=
c}.

2) Sequential File Organization
2E o HIAoo= i HIEE FUSH AEE & e oy BEll attribute’t I
strjo] 9T}, £XPA oY RAoA], HZEEL unique key fieldlt search keyS ZAHZR



AN )Y
_>4'_'4
2o}
lo
=)
)
)
2
jul
a
>
,_'-l
i)
)
ﬁ!’,
fu)
il
to
rln
[
1
fun
o
>
2
i)
lo
u
o)
o
ﬁOL_v‘
i

3) Hash File Organization

JE
Jm
ox
iflz)
[r
=
)
ol
ol
2,
T
QO
(0]
jon

Hash File Organization2 2|3 & Elx
Al %ol 2Tt JAL H2Et AAE fa3 220 Axg 2R

4) Clustered File Organization

S AE PAo] M FAR U2 GoJEHo] A0 S Q= Aoz AKX Qltt. o]
H7THEolA, g 7Lt 2 o]ge] ZHeoldo e A= o gitsEe s¥e gAa
of Qlojob stot. OrA] TaliA, HZEQ A7t 7|74 EM7o] QESHA] =T+ 70|
o},

2. File Operations
glolEjgo] A MAAAL A & 7HX =2 HEFeE 5 Qo

m Update Operations
m Retrieval Operations

7341 AAo] A= insertion, deletion, £ update® Al835to] ColE ZHS WAt} shd
oM HlolH g HSAZIX= AT, A8 240 et 25 dMAgth
T

o .

o ol g

S 7bA &Y 6% ZEA, selection® FA3 4TS ek npde] Ak A o]¢]
o

st ofe] 7hx] AreiSo] 9t

oOpen - YL %= JIX] & & read mode?l write mode %9 styz & 4 k. &
TFoAl e dojefe] WS &5 Yt o YE SlA,

a i A7l REOA Y md2 o JHAIS ol sRE 4 9
oh. A7) REOA] EﬂolEiﬂ’J 32 sttt A7 REoi Ed md2 942 e A

oLocate - BE MUES AY 21 ot HlojH7E EAsta Qe AR YA &9
2 o ZQlE(pointer)E 7HA|AL Qlth. o] ZRIE & F7I2 R70] 7hsdtth. A7] seek
71se AMgotH, QI E do= T FHE oAl & Qo

oRead - CIZE2A], To] 97| REox B 3
A ol §AF UG FuAh T ©, mL EQIES] 9l AR
24o] EAsI0], T EOIEle] uf2 cho] 9l clolel el sl



oWrite - O] 8Ah= 27] RENA U8S WASAL oh melo] odr)s MeE 4 gl
E3E deletion, insertion, =+ modificationg & 4 Qo oA ZQIE = FUAfsh= AJ7E
of AAY 2 AL 29 AN 1A & 4 JE% ST d5HoR WY £
et

“Close - olte 2YA2E YBIIN 1Y 3o AYoIk B B/ AP o £

+ BEoMetd, =& AgdAl(locks)g A7 g,
olEl7t WAL AT, 23t KA ThRI0] 2 Tlo]El S xgEiTt,
AgtE|o] 9l 2 E buffers?t file handlersg sl Z(release)

<

o},

XVIII. DBMS - INDEXING

el o Ee ¢

A5t olgo] Foste R olth AR} o2 SW, wAjye]
A8 = o0},

ol

Holelt BFce) Yel2 AFEt BE RSt 51t key fieldE 71411 9ouf, o]
o g U Hncg Ashed] AlgHt,

Search key3t melo] 9t elRESL Aol AHBHE S40lAY 449 AES it

Index file2 o}gfjo} Z& FH|Q 2| ZE=(index entriesgt 55)2 A= TH

o

| search-key | pointer |

index file M3&A 02 original file¥t} 7 37|17} o Abc}.

7|ER o AQlo|

R4

rlr

T FR71 U

1) Ordered indices: search keys7} A2]=l &A1& AArE o] Qict.

2) Hash indices: search keys’} ‘hash function’'E A}M8-3}= ‘buckets’ 7Ho] =AsHA &



1) Ordered(A &) Indices

n Ao A, Aol ANE2]L search key valueo] wet AZg|o] AAFHCE o - =T

= Primary Index
APoR AYE TAA, FAI7E 3 ohde] axf
clustering indexgt1 = EE2r} primary index?] BEA

Ajgr AR Ql Ze ohct.

Mlubdof A LtERdTE. o] HlolEfmtd 2 key fieldo] °Js A=

Primary index: ZF A== Alo]
2 oz Hefojdel 7|&7] oltt.

=t} key field= YUrA

» Clustering Index
clustering AiQl2 A =% (ordered) TlolH mUofxl UYERITE o] Hojy mfd2
non-key fieldo]] QA HE==

m Secondary Index

GA77F mdo] A eAete e =4S RSt Qe AQlolt). non-clustering
indexst ¥ 27| % sict,

27} AIQLe Zw7ol WE= AYAE 4 glon], RE FIcolM Ei F2E L AT 9
+ non-keyollAl 5943 US A=t

® Index-sequential fileo]3t primary index® AAFASHA wAHOR Fof Q&= Mg
et

A+

& A Al

rr
4n
N
N
A,
Jo
ot
ol
30
)

o Dense Index

o Sparse Index

DAl Thdo] 9t RE PM|e] go] wiFEE Mest £4 dct o]7
12 woh Was] GhEAY el Fac O ARE uEstd o we Bie o

LS



cf. A9l Lol wAyle) ghup tATol UM dolelg ARst: EQIEt matd
o}

m Multilevel Index

9l primary indexo] WBelo] MEsiAl frial, B2 wlgo] Soldrh Al mco]
TP] g Haa9 2AkE Fol7] Ystol, tAd0] gl primary indexE &APH wUz
e bl 120 BaMele BrEC)

»outer index - primary index@] 3]4& AHQI,

»inner index — primary index file.

Y outer index®AL U7 A & vR2jo] HYSHA] dotd, EotE At MlZ e



ofof g RE A M mAA] At AHITE NG & o

2

O
<
£
ia)

c gap] ghat olole) molej2 pAEo} ook ohu Aol AxjEel doje
Aso] 9Al cAZo] AR goleuola 18} SoldozM, Alele] 7]
% g4 HY S goll il £ o2l 4 elacg wEdel dois
El O U] MRS ALSEITHY, Thw AQlS hEo] o
o wleelo] BEd Wat ¢

A Al 7MY 2R @A|(the outermost level)olAl HlolH &55 A7&st7] ¢lgt o
MY} A2 ARleg ") o]ZlEe & tlue o] ojtjolAut HAl AR 4 =T

m B-Tree

B-Treex= ZAAMZ st Ate R Fof shyo|t}. 7]2A 08 B-Trees ©J4l B Egjo] ©
M wsts] YAl Rt ofF WA Efjwct 6% o F&A0lL WEUAT ofg
Mo APy wEg AP 4 QA SR

<0]%xl(binary) &% Ez]>

(3 o4l &4 E2jo] AR A o]u|A] )



PN _

S7Vg DERY HAYH ARTERA CHolEle] A, A, P So] AE Lojuht 7
QX

QoA ELAQl A .
- 9% MBER 0] 9k BE Colel: @A) o] Fuct Aon, 92& Ay Edjd] 9t
2E =co dojelt #A) =Eo gruct Ao} dt.

-2 g FHRIE wE7} glojof ity

9op Ze ofl WA Ealy FPol A ASIAl Ut AL, Aote] MY A ARG} o
olElZ A7 9s) FA| mEo] A4utE AMsio} iy F9)e AU & otk wetq I
g WHe B YshA B-Treeeks Aol oAl © Ziolch B-Treek o7l 4 £
o PEE Y] Bg We 29 AN VY 4 AES stuh wary e 2A9 Al
2 ARSI & o B-Trees}t 0|3l &M Edjuct W Eeje] gol7h wobd 4 uho] @
o},

<B(Balanced)-Tree>

olfl E2j7t APY w7} Ao 27090 =EF sk Zolakw B-Treek A ko] Fj47}
270 o]l EfE ettt Eot =tuio] HiolE7t 17 o] dd 47t ot =24 Ao glo]
B 271 2702t 2%t B-Tree, 3712}®H 3%} B-Tree 2t @stch ‘1, 2, 3, -+ MA} B-Tree
efu wer

B-Tree A3 ZRZo|tiaiA] A}A|5] LotH A},
> 1 £0] To]E| 47} n7letd AP =E0] Jj4k n+l Zfojch

123

P



s root k=0 GolE|7} 1, 2, 3 370l B A}A] wEo] Jj4e 47) olrt

» = Co] gojgL whEA] AP AEfoiof

2

sit.

(X)

- co] APl Eo] HolESe ke ro]E g J]EoR rolerr}
2lo], 2352 QB% AH Eajo] o]2of Ao} i},

A+
=1

L HA 2

rlo
N
N

e« rootl=E9] g|oJE = 8, 13 o|c}.

NuEe] (0ol , 1380t 23S 13 02% A2 Eajo] g

~Root =7} A}Alo] QIetw 27jo]4ke] AFAlS spA{of B},

~Root =E2 Mol RE et Aoje M/2 7jo] Holeg 2
B-Tree 7HAl: 1719] Glo]e} 2t Qlofof h] weistAl

olotE £ &0t} 4} ¥
Bl Root =55 A|9Jstn =7} &4 2749 do]elg 2t Qlojof Fheh.



(x)

« Yot 22 4XF B-Tree olA Root =E9] HoJEf 89 ¥& MHEZ w7} Ho|&7}
ol Zo] SIA] ofct.

>Leaf L2 7= F29 Zols & Zotof gty & Leaf =5 Z5F Z2 Ho| &
AshoF grct.

B-Tree = o]XIE2|9} npi7ix|2 AHe e 9% MEEZ, 2
FolM AT A SFAANSH= {2 root &=

E3F B-Treew= AH7|TH7} A}=0 2 AtE1AR9] =o0]& Uhxo] = AofA

s oi SolAl AA Alzhe o
& w2 shec AEs Aepast dgol drte sdt o Tatd AU o os
W A7t 7ol shsstchs 21 ojulgith Roluch shpe] mEv} o) ©



A 4 9tk e 2o dolert Sof At ALt ofF agAel Foletn ¢ 4 ot
QERO2 Cofet flojEMlo] A5 RAOR ol2lgt B-Treed] 158 Astn Y. 3
92 dlolelst Wess &gl oujolch we 29 HolH: FAs| BT
(SSD. st= 23 S)ol Aol Hd] ol2jat 9% J|) FxSL T Helz YEAL
= Zlo] @Aolch. 3 Belo] ol o] gglo] B2lot 229 A7)t FLsty] nhRo
wco 2718 g 0 2ee] as)e v2sh] BE 4 ATk T2W BAI|R (IR )
o x|l F2ote 547t FolS7] BRo] FAs] WE A7 clolele AT 4 Ut 5
o] 3712 #gatel wet o] WobAln dlole] el 4wt F7H "ok Zolct

- U A o) o] Sojol: dojelg AR
98 WA BEI|A] ol Sofglt o

o
—
uju
ox
1=
et
£

B-Treel= "9 % ZAl'o] Wats] agAolnl, S5l ARt 9t dlolelst Fugistota o
Y AAS & 4w g of T Ao wias] AT & Qe WHES MAls ofA
gA @] 2 A9 Uy @Al pxolr] mgd Hlwelo] RE doleg geln A
2 s Eed oA AL dHolEt 2 Y Q8 WA oY AA'e ste fAd
S5 o83 & 7|0l Tlolelst Wobd 4 9lon], Wobe Au st sHsaict

<B* Tree: quaternary tree>

5
lea) 52 dlolElo] ube 2S99 QWA APor Wk lleal) LESS AR YAE 3
B2 Mz AAEH 1 o] +#AMI&(sequence set)o]2til st QFAO 2 %
ol k. 1&g B+ Eol= (7]£9 B-E] + Ho]H9 AA 22
2 9t} B' Tree MQl2 indexed-sequential files®] tjQtojct.

a4 5 6 7
[ & ] o [ o e |
! | A &

1 do ds dgy dg dg d

S0 5M9 A, AT AAE $o) BEE doleg

(25 or Node) Woll 2ot 2|49 719 7H4E 7HA= O



Moz BrEelt WE d|mcSol Jpg stelelmo] FUsol Aok oA 7S
of A7ect

o o 3 YO = folHE A7 g JAHWA M E(index set) o]}

Ju b

749 24} data REO
2 olfold glck Index $2 key g2 Aol Ut key 2 AA
4

8
9 w=o] Uk 5, index 389 key 2E 9 ko] oA & ¥ o

2E key @2 A
ugeEnh 9 o= FAR O 2 linked lists /Jst QlojA <X & e|7t 7Hsstct.

B" Tree ofgfje} 22 dAZ WEA|7]& rooted treeo|tt:

1) BejollA Q7tx] ©& paths7t 5UgH Zolg =tk

2) ey Qlo] opd ZiZto] wEi= n/27]9} n7lf AtolQ] Ahd wEF Zh=rh
3) & =&+ (n-1)/29F n-1 Ao]9] & Zr=th
)

4) oMo R: Wy W2} olo] opata, I e Holx 2749] A =2 JHA|0, T
wals} Qojetd, % S| Eajo] ofwldt s|Ek ==& YTk 2231 0% (n-1) Aol
are Zrech

m B" Tree Node Structure

~HEAQ

| p | K [ p, | ] Py | Ken | Pan ]

« Kie &M7] Zholoh
*Pie A1Y E(H]-Q 28NS 7H7]e ERIE oA (Y ==89Q) HEEEY 2
4} bucketsz 7t2]7]= ZRIEF0|H.
~Eo) Qe WA7)E gt o] JEE grk
Ki<Ko<Ks< ... < Ky

m [ eaf Nodes in B" Trees
Qo] &2 trewt Pk

~i=1 2 ... .n-1% %90l Pic BAY] g KiZ 2 9t 0 eacg sleriAy
YA7] g K/S IR 9 Z7te] @ RC9 1 eSS Ashe a bucket of

pointers& 7}2]71ct.
=0 L Lyt 9 =EE0l1
A

»Pn2 GA7] A A=

= B+ Tree2 7 Q.



»B+Tree9] ©Q
gol87F AP o2 Ae2lg|ojof & wj 2] L& YoA =& Afo]E e=2y2]=0 ¥
3l B

oz L E
< Ag] Algto] BasHA Hed ol 4 B+E2E A&

*m-Atp E2]9] 5t £/ =2 =509 Balance & WHE E2|E §&4
Al-&stct.
«B E2]o] HEP 072 QU A AN E(index set)?t &AM E(sequence set)Z A= CH

ro
EN]
ot
ot
=
2
=]
iC)
o
o

»B Tree®} X}o|HA

AUA MEO] Q= 7] 3 - 2
AHE-HtY

olel~ AlEQ] wEo} A} AlES] wEL 1 U8 1E7} A2 chart

ANAA NEO &= k& 7] T A%, 2 =& ¢ 7] gt mQIEIE A Ao
SAt AIEQ) BE w7t 2APHO2 M2 AR olUTHRA Ho] 2EH).

I=!

Lo

Ut 7] P APt A=t AFo] YshA

»B Treed] EA

*REE 0 B 2004 m7f Abo]o] AJHER]E ZHort,
« ZEQ ZJEE Aot E YEH &= A [m/2 7170, AW m/e] AJBEZE Zt=r}.
3 wco] HHEY 48 nr OM A},

- 2@} ofd weo] Y 7] FY 4

‘BE P oL ge ,
Y St o Y32 As Yt
F P we0] 7] o] Lk [m/2] o]4olct

m B+tree9] 14

5 Index Set : 7|, X2
i oF Zxj

rvg —=) :
a5 11 |+ [2 Jo|[2[o]|. | pemerzmr

>B+ Tree9] 417 % &4

» Index Set : 7], ZLAET &XY
» Index Seto]] 9= Nodex LeafES #ropzt & Q= Key fyt Pointer Zrob 71A]aL )t}
+ Leaf Node¥d 7|32 QAo g2 JEEO] ot gdoz QIst F7]A] Sequence



Seto]] AAL WA $£xHS QxS H LA s 64
* A= Leafol MR 4o, 7] 2 Index Seto] {AI5HE FA Alol= AREEA] 43l split
ozt ARGt

» B+tree®] data +x/EA]

s AEA ME - AAIAR 7] (Leaf node)S Aobd & Sl F2AlEo] Aol
- A AEO Qe == 7] UT EA
- 2 ==& 7] 33} Sub-treeof tigh mQIEE =
- AEA MEQ] 7] gh2 Leaf nodeo] Q= 7] e Aot 2 2 Qe AY 425 AlF

o AN E(Sequence Set)
- Leaf Node3t& Q@EXI50=2 APHE|o] 9Jon, Aoz Qs B7] A] Sequence Set
of AdAEHA, &AM 741 ¢

O
- 2249 el 2AETS T 4 AR YAE o] 2AEI0] §ol

XIX. DBMS - HASHING

https://www.db—book.com/db4/slide—dir/ch12.pdf

olelol 0] Adjehe stol, 23le] B ASE ANA 2E MY U YA o
o, Yste dojEls @Aste] BAA| dlojg B=o] dst e Ao Brbso] spATh
AR DAR0lN MATEE LGSR 0 ol AR HRA AAE AU &
Q1 47| olct.

i oAl

siAlol dlojejo] Al&3t ©AlS 9fsl HolE S shXIEo]2olet wiHo] ARSI, Holg]
o Z1gte #¥ o3 HAF SJAA4S Ssto] Hoj2e Raz WSt Yste HlojEE
A wolch,

<Key-to-address>
SRR gep FojAl 1R Fa
ES AT E3F sfAIE S ol&sto] Heeh HIEl FaE 4SSt RS
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iAol dlole] ejneo) ojeeag
22 Apg3ict dA](Hash)ahs

st A
t}. o] g4 of® Zojo] HojEg Y

ALSE) 91at mtetulel A gA7ler ol B)A]
2 A LRAFL Fotol ANPCR FAAAF
sl= Aahn Zolo] AnE A Ft T4 ot
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814184 (hash function)3t dlolele] £ 84 Talg Bxoz 91ojo] Zolo] Ho|EE 14
9 710]9] dloj&j2 ojWste ghpolck. of m ujE A ¥ doleo] e 7l(key), U
dlolelo} gt shAIZt(hash value), Bt 3 AHAIS 814 (hashing)2han ik,

SR 712 AFgst @] TR, §Ud 2ASS ST AR 9A =Hol, 2o
A2 Wale sjAlzkol A DebxlAl fet. siA &40) SRl get Fs s shAlzte 2
o7} Zetalch,

of

2 Sof, '9h4'9] SJA|FHE '69FOBA16B5ACE257553E2FD23F74D6B4' o|uf, 'QF §'o] &
A|%H '48ADE1F88E07F872CDBAS073A9A557CY" © & oF7to] Witz X th2 sHA|Zk
|

o] FHc}
257] giZof sfiAlgt> 2 golH9 Y HEAEES Hst=t AMEEHU, 3 siAIte=
B2 Al €S5S &5t sirAiez &3 o UAT SARLE B BEor
L2l ALv OJr_}

=2 2 T W B

siA140] ERE MD5, SHA-1, SHA 224 So] 9lon], 2ujolA] /j%s HAS-160% QIch.
MD5% o]o] 8jA|5-So0] WriElo] SHA-1 o]l siA|at4 Ab&o] AAYE W 9lrt.

1. Hash Organization
= Bucket - SfiA] ot #7l ooz GoJE & XSt #Zlojsh
1o &

A
o2 sjuje) WAL 3 ) YA (AT BES AR UL F712 o)
SF A O]q

m Hash Function - 3JA] &4 hte T E EAMF|E AXjAQl go|g7} A& Qe o] =g
Ao AFAZIE Ui @4 olnk o] A4k GAT|)XRE W2l of Se]AIA S ChEC)

2. Static Hashing

A oA Ba1e ghol AIBE o 2709 ShAl FAE P ST oSS A
gtk o2 Sol, 9 mod-4 Al BAE ALSHATHR, 0|2 WA 5] grure AyALE
Rolch 1 A% ofEdlAE WA 1 ghol U SUsH Uerdth 1eln 438 wo)
Wal P4 WAl g ot 9l
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olnsertion - IEE S|
go2 1 #Rcrt AAY Wil ofSAS Akt

Bucket address = hkA

A}gsto] doleiz

1
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offt
ne
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[e]l]
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o2
4
uju

oSearch - A2 7AM5}t
oj=ag AMCL

o Delete - 0|21 AHA| ATeloll ofa) ¥l st gajolct,

= Bucket Overflow

¢ o, A F4 ht A 7]k

A 870

bucket-overflow Z71& collisiono|at B2t} o]71e ojmdt FA sjA] oA A|HA

ol Atefolct. o]23t 720, overflow chainingo] AF&E 4~ Qlch.

o Overflow chaining - #7lo] 7I5 XtH, A2 W7lo] ZASH djA] Ao
o] Zof ojojA FIHch. o]2fgt w7t ES Closed Hashingol2t &

T+
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=of oJA
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oLinear Probing - SHA] €47F HloJE{7} ojn] A7fd oj=2fAag A of, 2 oz 9l
© M2 Hzlo] 27ld g™t ol2ier W7h &2 Open Hashingol2h R-&0.

3. Dynamic Hashing

A si4o] AL dolEuolAr ARSI Fols T dEHoR s F4T &
QIThs Zolc}. o5l SJAlolA L HolH Hzlg E5MoR Tt on-demando] e} 7}
SIAL AIAZ 4 9t 7RSS Mtk oEA 142 E3t extended hashingoletil
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= Organization

2= oAl 3ol AFoi(prefix)= SHA] AlQlo g2 T AghE it SiA] Q] portion(st &£7})

J s

=
ol e Bl ol=ALBoR AGHL. Al BE SN MIe ge VIES S

S Aitsted AMRE S WS BojxT] 95to] depth valueE ZHrh o]2ist HIESS 2n
HIESS oEa & 5 a’lﬂr. 2= ol2fet HIESo] AH[HE O, &, & WIIESO] 7t
= A2 0], depth value?l A" o= Z7stH 2v|(twice)?] W7]|EESo0] TG,

= Operation

o Querying - sjA] A1Q19] depth valueS #ro}x] o]2]st H{EES Alg5lo] H7|E o]ty
A5 Atet

5 Update - 910142 Hele 285 chgol Hlojeig Ba g,

o Deletion - #2lS A-&sto] Atnxtsts Hlolgo] F2a theo] 1 Holel S AbA|okt.
olnsertion - H7|EQ] ojEAE AAFS,

T

&

L w7lEt ofu] s R,
aQ "ro Wy|EE X7}3tc}
& Sf|A] %;\ o additional bitsg Z7}gtct.
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«BE B7|E7} 715 A, AR 199 remedies(x]2)S $HTICY,

a2 dlolgrt ofd eMz RAE #H7F Hiojg o] WS 4% o AeHA Y=t
dlolg7} ojatAolal AL of, siAle 7V & e

1Y gnalse Meuc g Basith 2E 814 7] (operatons)

constant time).
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XX. DBMS - DEADLOCK

tE-Alg AIAFA, wAEE AMdS SRche M dAl Yds(unwanted) & ©]

s =°l. & NEY EIAA {To, Ty, Tz, ..., Tu}2 7PI8H EAL Tos AMY 475 &5

of 2t X7F Zaste. Al Xz To o 98l fA1%l(held) 1o, Ty 2 Ak Y
S 7Ial ok T; & To off 2s RAIEL e AFd Z8 7IH2al Qloh oJA"E, 2e
A S0l AHdE shiAIst ] flste] A=E 7ek2]al Qo oy ol ofmeh X 2jaty

= ARAEC] 9Rg Up 2 gt ol2fd ¥YL d=S(mAyH)t Redt

=+ roll back(@JE = EFot7H]) HAY THA] AJAFsto{of it

AARS HEs AshZ oAYfstr] ¢ste], DBMS E=iAIMo] g Al&kste|= AFAl9] =&

& 34522 (aggressively) £AIRITE. DBMS+= 2 @F55 ZRARE OF ¢d 27150] ¢

EE S UEAE 24T o e o] ¥ A 2|, 2 EfiAAEE 4

3 5»38E si=shA] et

g2 Ase nj2] AAsH] 5te] E|MAMO] timestamp ordering mechanismg Al
A

Zd(scheme)o| &5t}

1) Wait-Die Scheme
o] AzloA, Trd EffiAlAo] ojn] o EfiAA] o5 F5 i I /A= l(held)
£ AR ol ojojslg Sates ayAttyY, thgw 2e & kA9 sy B @ 7

7b s @ ol



= TS(Ti) < TS(T)) &, & 52 8745k Qe Tt TIEG 9 dHd, Tie 4

ole]-otolelg o] 83 2 9L x| slckck,

re

%, Tzt TiEch &Alojatd, Tie glojzltHdie). Tie AN 2
ARRIO] wet UEo thA] AJATSH

o] 27]obs Bt QE EWAMOR stolF |t % sHA|Gh Bk 2419 31S glofAl =

2) Wound-Wait Scheme

o] A7JutofA|, 9td EsHAlFo] o] o EfHAIE o5 = Fut &/ {A1% 1l(held)
9l A9l dlolel ofolle =skd @AY, e 2L £ A JhsH F @ M
b wgE ok,

2 TS(TY) < TS(M)etd, Tie Tie dAE |4z 594 AH. &, Tie Tig §4
(wounds)ettt. Tie FA 2 A7|HARE LT EfJAR o] mhef thgof] ThA] AJAFRE
.
mhd TS(TY) > TS(Ty)=d, Tie A °ol&Z w7t dAl= 7o=dot.
o] A7|ut= F4lo] EAEC] it 12 5185t UAIRE, e EiAEo] Hot A4l
of Zo] osll FAIH= ot S 28T o, ot e ERAE 2 Ho 349 o] A
2 RI|StES o o5 1 ofo|FE sl ol ¥R RFY Ao B uFel o

Aol A|AE0] dHe]= EfiAIE 2 FHE Tt (aborted).

2. Deadlock Avoidance

E2lAIM 0] Zcto] A AlxfAQl €l (approach)e obuch thalol], deadlock avoidance
mechanismst 0]2] ojH HEZ &S ©X|st=0 A2ttt “wait-for graph”e} 2 %
ARG, o]AS2 AFLQ] QAAEATE 7o) gl= 7HH & (lighweight) EH

Weg o8 4 A Al

Aol Aladoet Agsict. GAI7E S(bulky) AIARIOA, Q=S oY 7HE0] & A5T A

ojct.

= Wait-for Graph

o]7l> Tt ofHl GgE= Aol WA, o]7le FA(track)sh=H] AR & U I

@ Pyolct. 24 EWAMOl N2 YRAEE SO0l Sfife] kLot UEolHc. Sy

Ti7h ol® che EMRM Tjo) o) {AIEE Xel ofolelo] s} & 2xe ©, skt A
2 TP} olold X2 SIMeICI, ol 571o)

M(directed edge)o] TioflA Ti7kA] ghsoZlct, o
o] &2 (dropped)std Tie= 1 H|o]§ ofo]&lZ Zstrt.



o71M, = O3 22 F 7HX|9] approaches % o A3 AFEE o Qof:

]
orecth olZlo] @4 bsl(feasible) 21 obyo], EsAMo] Hlolg] ofolElg RitgoR

(o]
7T AR 23 271 A4 4 Qe starvation(@# )9 €9lol 2 & Aok

EWINE 39 1S AYEHE HEY Ei(roll back) ZHolth. Bt A4l
2 9 gHz =558 e ol P 5T e ohoh ol relative
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XXI. DBMS - DATA BACKUP

1. Loss of Volatile Storage

O:;

RAMY} 7L 3diA xA7|7|= BE active logs, disk buffers, related dataS A &Fsict.
z7t2, oL X £WE T Qb wE EAMME A ghel ol2ist FuA A5
7h =okgiol(abruptly) SAdTH & o] HolAZE? 29eh A2 HojEHolAo BE
logs®} active copies?} AtRbAItt= Zlojtt. o]Z12 Hlo]g H-to] Hast RE Z12 oA &
o= B3l 7o Brlssir)

= 9ot 7oz dlolejuols £
7hro} gt
=3y vl2a) orolH ZEshe dloleldlol A0 YEl: rIMos ey Ag]YIE EA

EQ] Q%

¢
p
o
i)
ol

tod o+5-9] ©AOA checkpointsE



OoFdumped) $tc}t. o] AA7]7|of]l= E3t logs, active transactions, buffer blockso] I
TE7] = gt

= <dump>+= Ho|E{Hjo] A FRIEVE v]-$H/d Wl 2288 hd w2z A% doptt
log filed]] ®7|= £ U}

0|

2. Recovery
m A A0l A2 BE 59 o, £]419] dump® 3] E(restore)d 4 Ut
m checkpoints® & redo-list?} undo-list& SA|&™YS 5 9l

m 0}R|2 M ZRQIEVIA] T E EaMAMO] AEfE 32517 ¥ste], undo-redo listE =
st} AlARE B 3 ek,

3. Database Backup & Recovery from Catastrophic Failure

+ EH BAAQD A7F71717F gl&(corrupt) &
ot <

of . 1 ot AAE BE JRAIUE clolE} Az,
B olElg B2 & 9t £ 7k A2 o2 AL sKa ok

® Remote backup &minu - ©0]71-& fo]E{Ho]A WAl x2S xjjoto] Wi of c}=sh
S olE= 97)2] Fao] ®Mgshe Holrt.

st oz, HolEHolA M} ufadY Eo]&E ARES T30, IS
of Basks oot ol2fh WY whEol MEA 2R dloleuo] Ao WY ZIAES
AHg-sto] ol @t 4 glrt.

|d
N
ujn
o
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r)l
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>
2
[

ti-&&F(grown-up) HloJEHo]As YR 87t AA HIHSHA WA 4 Qict. ol A
o, S BA 2719 logsth AHHENE EﬂolEiﬂﬂol 25 57A2 2 Qe 99 7S
ZFRIAL it £2)7F o] i Q= She ZE 22 BE logss AtF HiQiste Zlolth. Hlo]
Efeflo 1 Ae 3J Zof bl Wiejeojof sto, o A2 logs2te OHY E+= 7heet o A5 9



SefQl WY AARIZ Hop O AARPHo|, flo[HHo]A 2GRtet FARROIAN Adg o

>I~J rlo

Ql(lifesaver) oJt}. 220l BHiQl A|AHICS

of Al WAL= H7FY &0l o]
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XXII. DBMS - DATA RECOVERY

1. Crash Recovery

DBMSE Ofxo] £ui Jjo] E&iAlo] o]RojX]= O HA4SH A|AElo|td. DBMSQ]
durability(Wl14d)2} robustness(317d)2 249 4t &8t 7]20] H= st=golel A
AEL AmEQojo] ZefQlct. vl 1710l ESiAE Fof e FstAY F=()FHH, 7|
gt 2 Qe A2 O A AHI0l &AE HojHE HEAIZE & = ofd /39 dugFolut
71¥& wetof Stoh= Zlojot

2. Failure Classification

A7 EAsE X5 &7] 9sty, Y= 7S USd 22 gYst ¥R 2 Us Aotk

1) Transaction Failure
EffiAldo] gtd 2385 AE 7Y o ol 4 4 gle ZAH =E3E W S5
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m [ ogical errors - EAMEE S & o} futetH ojTH code errort; oj® internal
error conditiono] /7] mjFo|c}.

m System errors - DBMS7} 2718 £33 £ gAY B2 ofH A|AH X
Ejdjo] A7} " ofgt 5H7] mizof, Hlo|EHo]A A|ARL AAg beh EfA

2k,

)
> 82
wo Mo
=
in)
o

2) System Crash

Al AES LGl SARAMN &9 o] k= A|AE] QB9 o2 JhX] A7t Xﬂi}
. 9gE =0, dd5gY AP Fast stedoje] FET ofygt AZEYoo] oF
Qurstr},

A A| AEl(operation system)Q] o] = £ ofo|c},

Mo

3) Disk Failure
Jlgugel 270, oj1e ole £5t LAY e UAd sajouel Ay Eefolmi Al

% 97stE Ak
gA3 Q=0 bad sections® formation, AT 29 unreachability, disk head

crash, 12]1 A3 ALY AA| e F22 osts 78 @F S0l g

3. Storage Structure

olol ol A ALHE URSGS. LS YA, A FaE T ke WER s
% 9l

g

= Volatile storage -~ o|So] oulshs ZAH, HLY APl AL FEoA N
4 gtk 319y A7171E CPU Bh2 ol ARJRL olck tiAlR 7SS chipset 1 A}
Aol WA=l Stk o2 Sol, ulel tlZajet A tlmaly ey A1l Ee oo
o oS whaAlgh UA] ohe AMe Q9to] AEUS AFY & ok,

m Non-volatile storage - ©o]2{3t H2a]= AJAH Z=2HH JAY £ Q& SR
Ur. OjAE2 Holy A% &Fo] t=olX|gt, HIFoA £rF HojZlth o]7 =9 o=
= 3t A3, oty E A3, flash memory, B|-3|¥A pattery backed up RAMO|
c}.

30, rl

4. Recovery and Atomicity



A AEOA FEo] WAE o, &8 F2Q o] 7HX|9] EsHAVAN}; Hjolg ofol’lS 75|
Astol d2 Qv oSt o] Qs 4 Aot EFHAIALR /dAol(in nature) WAl o
7}A] operations® BYFE0] Zlty. DBMSQ] ACID d7&o| wef, EfiAlFe] LA she]
A2 FA|Eofof sttty Al TaliA, W& operations’t =AY E= ojTgh
operations® 3BE]R] Qrotof sict.

DBMS7} $=5=2XHE 239 of, ot 22 753 Sx|sHof ¢

-

oY E A Qe RE EXIAVAY JHIS AlZsfof %D}
» EA 0] of i operation®] ¢ 7heH 2l& 4 th DBMSE oj2iet oo EsiAA
o ARV WSO ot
» E;iA 0] oA A=A Be YR HE2oF st=AlE AlFsfof ot
wojmsh ERAIAE H]-Yed 4B DBMSO| GAXIA] A= sfjof ghrt.
EAA dApdE B U ot} fAISEH =ee € 4 e T FFS 7Ibol 9
t}:
w72} EARAY logsE [AISH]. 22]al HloJEHo| A A= ¥7sty] Ao ojF Y
g AZ71710 27152 715517 (writing).
w327 oA eyt o] fojRl thaoll, dxl(actual) HlolHH o] A S ZEAlet=

shadow paging& §X|s}7].

5. Log-based Recovery

23 PRS0 wAjoln] EAMAMM] o] 45 FEES| fF Ese GATelH
o} 2150] ARz Wapt Qojupr] Aol A(written)ElH, QFolA ALgRE FE A
A ojRlel AR e Ul Fed sod

23-7]9F B 7s gt Zol o] 2ojAlck

m EGHAIA0] A AR d=E]o] »38o] AJArE o, T7o] gjgt 2 7} AT
<Tn, Start>

EdiiAldo] ofol’] X W4T o, o]A2 o3y go] =0 A=
<Tn, X, V1, V2>
o7& Tnol VIo|x S V27ta] X gro] Waicts 2g glert

m EGAF O] S2EUS . o]Z2 o Zo] logettth:



<Tn, commit>
golEHo] A= F71X] o]Z2X| S AR&ste] WEY & ok

m Deferred database modification - 2= 2 152 otA = AAOfA|of A= T},
go]gHo] A7} EsiAlEdo] &= EH 7BAlEC)
» [mmediate database modification - ZF 2 750] Ax|AQl go]Ejyo]A o]

AR A °l
g€t &, do]Huo]AL WE operationo] By t}-gof HAAEC)

-|o|t

6. Recovery with Concurrent Transactions

0]’ 7H O]/\ _4 E ]
% Alofl, o] =3 A|AHlo
of, & ARt olgjgt A

‘checkpoints’ 7J@& AF&sH}

2 23 0, 2 152 QlE|2]E E (interleaved) EC}. T}
= £5 9FA(backtrack)st= A& ol@A 3 oS

gofstr] fsto], Adie] WiRFS DBMSOA =

® Checkpoint - AA]7tog 2]y ARj9]
A|AE oA o] &g 4~ :
U2 AXA o2 4 g 9 2% itk checkpoints BE oMol 2 158 A|AEINA A
g tgol A fazo gHRoR Aiste tl7l&olth. checkpointo A+ 10|
DBMSZF 4l AJefo] Qo B EffiAldo] e A|HQl ZRIES dAgt

—

" Recovery - &7]/d0] Q= EMAPY] A|ARI0] Faot thg 5742 ™. thaah 22 YA

oz sk

05Tk AJARZ OpX|E) A2 ZRIEQ] oARE dog 255 9

0% 719 2JAE, undo-list®} redo-listE S|}

0Qtd 2 AJARJo] <Th, Start>$} <Tn, Commit> %= T4 <Tn, Commit>= ¥
235 299, I EWRAHS redo-listoll A 2t} w1

ot B4 A ARIo] <Tu, Start>7} e ZI1E HA ]“}, ojw
I8 A Eeohd, 7 EWAAS undo—listoll Ztt) FETh

rlr

o}

=

Sk kg W

pEA
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A =



undo-listo]l 1=
t}. redo-listof] 9}
= xA}st7] Aol redone

=2

< 2% o2 undoned g, 2759 235
g o, A

DBMS DONE!!



