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8) Multiuser and Concurrent Access
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2. Users
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III. DBMS -DATA MODELS
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IV. DBMS - DATA SCHEMAS
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4. Entity-Set and Keys
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7. Degree of Relationship
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3. Relationship
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o One-to-many
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3. Inheritance
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Rule 1: Information Rule
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Rule 2: Guaranteed Access Rule
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Rule 3: Systematic Treatment of NULL Values
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Rule 4: Active Online Catalog
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Rule 5: comprehensive Data Sub-Language Rule
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Rule 6: View Updating Rule
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Rule 7: High-Level Insert, Update, and Delete Rule

glo]EHlo] A= 1AFEO] insertion, updation, deletiong A|¥sfjof $tct. o] 72 &Y row
2 AItEA] fotop et ThA] WA, data records?] MESO| A-&%=(yield) union,
intersection, minus 7] 55% A|¥sfo} st

Rule 8: Physical Data Independence
dolgyo] Ao AiFe dlojE= dlo]Eo] Ao FZdh= ofE2|Aol k= = olojof gt
ot dlojHyol A0l F2]A X0 tigh ojmgh ¥gte oF ofZ2|Aolde] Holy A W

ol 4 7AIA eoto} et

Rule 9: Logical Data Independence

clolejslo] 20| =2]&] Hlo]Elx o]Zo] ol &l ¥ %, application T ¥ olofo} gk,
w=2]A HlojEloA 9] ojmfeh Hstet: TS ARESHE o E Aol T2 VIAIAl Qkotof
gt A= =0, F 7Y Hlol=ol SZEHAY o W F IHY MZ & Hol52 AIA|
H2te, o]3lo] o]&At ofFejAoldof ojuet FFolut WetE FA] otof gt} o]l A
gaflord #AlE SO M e As 59 stdolt.

oo



Rule 10: Integrity Independence

glolElHlo] AL T718 ARSH= o Z2|Ao]dut E7] A olojof 3§t
Sx71L ol Z2|7o] Mol Ho] Walel ATiglo] EAK 0 WAL
H|o] A= the front-end application 22]1 o]Z19] interface®}

=3

Rule 11: Distribution Independence

A% ol gAl: dlolEl7} Chogt FaR RAE O] gk g %X Rafob gt o] gAt
A dlolEl7t @Al @ oot Ao} ks Qg TLeS Sjof gtk o FAS A o
olefulo] & X ARlO] 7| £2 ZHEE|o} 9t

Rule 12: Non-subversion Rule

ot A|AHEN0] low-level recordso]] B2 4
o|A7} AJARS mh(subvert)stA] =, 2|1
& 25te2 o} sirh

X. RELATION DATA MODEL

279 dojg 2Ee o © dloje] 2oju], dlojel AR M2l Ash A AACA
o] AL ek o REe sty AR G8HS £ol7] st HolEHE AMajsted]
5 2 9let.

1. Concepts

= Tables

A oA, ﬂﬁl% Elo] 22 ez AAET. o] Zuo= AEEE Afolo] Qe A
S AT HolE2 299 AYE 7KL ol 2e& It E A™2 442 UE
c}.

= Tuple

UAGS 22 AZES VIR Qe Hole HY 295 HEol FEH

m Relation instance
HAY dlolEHo] A AARIOA E]EZE9] A|gHE (finite) NIES2 A AAHAZ B
A QlaBiAL $3E HIL PR ghert

2
£
)



= Relation schema
wA 27]ato= WA0lF &, tablename, 478, Je2]i O7

iy
1o
o
oj
tjo
N
>
<
o

= Relation key
23+ A tabled] Q= 285 FYsH AEE & A= WA 712t st oF 7 oldY

g At

_|+> N

m Attribute domain
RE $HEL &4 =uiQlojata sk nl2) Hol ol WE Ferh

2. Constraints

E_]O]'o]

WAL SEF WAL o] shor ofd £7 Z7ES relational

2 Asol A 2
integrlty constraintsg} B2t} of7]ol= 3 7HA|Q] Q8 477 Ast
m Key Constraints
® Domain Constraints

m Referential integrity Constraints

oKey Constraints

WA 5459 Mol & sje] AAge subseto] EAJstolol @t o]0z FAsH
FEQ AET 4 glofof ATh 4459 ol2lg A4 subsetd WA 72t LECH o
o}

o >

Y olzfst & ATt subseto] gF 7} o]/ifol2td, o]ZE3 candidate keysZtil HE

N

rlo

key AFRZANA Fxst= 212 et Ao

X

«7] £20] 9t WA, olmdt £ ] EZoltE 7] 4489 AEST P 1A
4 gt
«7] 42 NULL g2 7bd & qick.

7] AIgtA271S E35F Entity Constraintsgtil = H22r}

o Domain Constraints

£ AAA Aueold S e Zech oE Sof, Yok ox| o] Fagt b
4 ok SZe AgEziel WA £4Sol4 HgY 4 Ack BE £y SHA el
e 7P & 9tk B Sol, tolt omct AFg 4 glon], Makist 0-90]919 21
M % gk

o Referential integrity Constraints



FrRFA8 MEEA2 Foreign Keyso] 7Hdy Aol 9ot <f=ff 7|&t o2 AAS H2E
a9l A 7] &7dolt

gl WAVL b Ex SAS WA 7] 44 AEATH, 3

XI. RELATIONAL ALGEBRA

2AE dojejdlola AIAEG|AE ol §xPt TlojEldo] A AAHAS Hejsts 2 §7] 9
sto] Wel ddolZ pulstn ok £ b £R9) Hel Qojrh 9lidl, st relational

algebra ©o]11l UMX]= relational calculus ©oJct.

1. Relational Algebra

A4 inputo2 TAO] QIARIAS FsHi outputo TAO] QARIAS HFste A
5ol Aejdlololth, ozl Al 2@k U olel 7ix] OJ*JK}E AFEITE AR}

+= unaryo|A4 binary¥ 4 Qlom, o]Z&52 AHAIE9] inputo g2 WAEa wolsQl o3
of outputoz A S Attt WAY des TAG B A ¥rEHo 2 L8iEy, F7H

(intermediate) Z23tE=% AR o AXIC},

o Select

o Project

o Union

o Set different

o Cartesian product

o Rename

1) Select Operation o
O HAZRY FolAl RUZ UHHEAVY|= HEZS AH

LI

o
=

B9 o,
o M £7;
r: A

p- and, or, notdl Z2 HARIE ALY £ QU= FX|AMA =2]-3Al(prepositional logic



formula). o]8|gt 80j52 =, =, =, <, > =< T2 AAF AMAZ A LS o=

olct.

of[Al: BooksQl H|o]E0flA],

(1) osubject="database(Books) B
Output - ZA|7} ‘database @1 M52 EjZ =z AEHGIC]

(2) osubject="database" and price="450"(Books)
Output - ZA|7} ‘database’©]1l ‘price’7} 450Q1 AMES EH==z XEisic}

(3) osubject="database" and price < "450" or year > "2010"(Books)
Output - ZA|7} ‘database’©]1, ‘price’7} 4500|AY &STA T 7} 201091 AMEE H

2 M,

i}

2) Projection Operaton II
o2 FojAl =S WEAP|E ZHES ==l 2T project).

L= v

®7)9: 1AL, A2, Anr
Al, A2, An : IA r9] £4olsE.

UAlE shte] Agolez, §5d 282 AFeA o= Ardo.
oI A:

[Tsubject, author (Books)
H7 Books2HE ZALE AAIZ YL o] Qe AHES AHSI] S8 20

3) Union Operation U

ol &+ 79 #oi7l ™A 7o binary uniong o850 thgxb o] ZJo|sit):

rUs= {t|l]terorte s}

#2718 r Us

r 3 s HolEHlo] = Al AY A A3 AE =, temporary relation ©|Th.
FAY Aibol fastd, g3t Z2 2712 FEAIACH T

st s 59 & 9 £7dS 7HRIAL Qlojof g
s ZA =12 FPZ(compatible) 4~ Qlojof ot}
+ 559 BEE2 AbeAleg M7= ojof g

[T author (Books) U II author (Articles)



Output: M| Axtol 7L} 81714t ARl £ 74A] 250 AALY 0|2

4) Set Difference

ARl Aue 3 Jho] Ol Uert

B

JH:r — s
oLt sof

mm.i

rof

[‘\l‘
[‘\l‘

A"

rln

E]

i}

=
=

tlo
wh

IT author (Books) — II author (Articles)
Output: 240] Mrtolx|qt sH&7]xte] MAL7t ohd BEES

AP
R

o}

5) Cartesian Product X
o7l % 740 Azcte

e

Al A

BH7|¥H:r X s
rit s WA S0,

=

SlEA

r Xs {gtlgerandt e s}

[T author = 'tutorialspoint'(Books X Articles)
Output: tutorialspointo] 2]5}] AHA =l @& Ry} 7]AS HolZx

6) Rename Operation P

WAY o) AE Al BACIRY o5
Ay HA o o]FF Eol=F sttt
cach

‘rename’ 7

—

7] pxE

B3l EO AVl xt o202 XNAE=EC]

-
o -
=
o

T+
e

ol E F7PHel F]s0RE: ohew
m Set intersection
= Assignment

m Natural join

2. Relational Calculus

Ao i 2A]

=920

O
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mlm
o
ol
p——
o
o,
Ol
ok
Ir
o=
cE
o
nx
ol
ol
ok
2a)

1) Tuple Relational Calculus, TRC
ElE ¥4 WSS filtering ottt

ol Al:
{ T.name | Author(T) AND T.article = 'database' }
Output: ‘database’zl= 7|AFS 2 Author9] ‘name’d] 50 9= T E E

il
ujn
filo
i
v

TRC= AZEste & ity 2]+ Existential 3 and Universal Quantifiers V& AFE&

A A:
{ Rl 3T € Authors(T.article='database’ AND R.nam e=T.nam e) }
Output: 91| H2& ¥l2 oM $AF ZuE Seizch

2) Domain Relational Calculus, DRC
DRCOJ|A, filtering ¥4 25 HEZ & gidlo], YolA TRCOA HH AXMH, £4 =0
Qg ALgAIT

#7|9H: { al, a2, a3, ..., an | P (al, a2, a3, .an) }
al, a2 445012, pt YR 4450 ofs) 758 BAL et

oA
{< article, page, subject > | & TutorialsPoint A subject = 'database' }

A Tutorialspoint2¥E] ZA|7} ‘database’?l Article, Page, SubjectZ A|-Z3tc}.

TRCX&, DRC 9A] existential and universal quantifiers& Al&sto] AAg 4~ Qlct,
DRC ®X| TAY QAatg matAlZ 4 9ok

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

FSalcr.

XII. ER MODEL TO RELATIONAL MODEL



ER &Hlo] tjojojaioz 7igdetd of, o7
KA 25 (overview)S A|Z35tch. ER tholo]
olck. ThAl WAL, ER Crolo] 132 Algdto]
+ WAY 229 Z& ER AlgtRg AEAAE —’F—
}.

ER Diagram-& Relational Schema@ WHA|Z £ Q= o 7HA] AAxtet die]50]
EAitT. olZlE & o A2 AbEetEo] lon, E o J2 fFoz Xsfof gty &
2]= o|x] diagram contentsE relational basicsof] 1tj2 A 8&5t=0|(mapped)st=d %
e ®E Ao

ER Cholojasie] 28 pyait oheu 2ok

m EntityQ} 0]Z19] Attributes.
®m Relationship- QNEJE] S-S ATA|Z].

1. Mapping Entity

AEE > FH 7N £452 2 e AAIAIY ZAl(object) oltt.

o Mapping Process Algorithm
« Zk7ko] QlEjEjuict Blo] 2 ot
« AEE 9 &5 EﬂOlHQJ g
J}R{o} gick,
« o712 Mgt

RIS

£}
=7}

gofo} stu}, 717} AAISC) SWH data typesS

2. Mapping Relationship

AEEE9 2

o2

oA ojtt.

rr



o Mapping Process
s P{AE Holgs TS

SARAIEY DA Clolel HUe AT Ut Hlol2e BWER Aojsin Ut BE ALY
5o 07|89}

S3h WAV £42 JAT U0R, A7t 445 Hol BENY Fvlad
SAofeln Yt AEES BE 0Z7)8 PHSIn At & /Y 0F7)8 Mg
s BE 9ej7lo) AFEAS ML)

3. Mapping Weak Entity Sets

oF

olr

I QIEE] NE

rr

o = oF7|°t AZHA %= MEE AEo|

P

o Mapping Process

< okt AEE] MEGO] Elo2g RHECH

s 0|79 B £G5S BEAY Hol2o &It
s QIEJE] N ES A¥Es}r] 9gt 0%7]2 FUteict
+ R E olaf7]o] AgtE7IS Mgt}

4. Mapping Hierarchical Entities

ER9] specialization¥} generalization& #|&A QlEJE] N ES9] JHefjz mILCH



o Mapping Process

“BE A AelE g EHolBE S BED,

“ AR AAEIEI g Blo]2S BHEC),

~ AR AElEe] Blo] o] A AelEe] OE7|S FIfatc
AR EolRol AxY ALEISY BE £YFS F1A
« DA Eole] 0]} AR EolRe] 0E7)S Mt

«ole71o) MRS Mg

XIII. SQL OVERVIEW

SQLojgt #AIF HolgHo]AE gt =22y
tuple relational calculusEt}t X138t (over) T

sfLel m7|xlg ol2: 9tk

Aojo]c}. o]Z-& relational algebra and
AFolg]Qict SQLS ©E % Q3+ RDBMSe}

SQLe dlolel Aolojel Hlojel xAolz TAEo] 9t SQLY| HlolH Ao £45S AR
stol, =7Ut HlojEHlolA A7]0te CRlIstL WAY 4 Qoo], Holy x4 4doee
GlojEjHlo| A2 RE HlolHE AAtstL AAE 4 9rt.

1. Data Definition Language
SQLoA = HlolgHolA9] AZ]ukE Aelsty] 9ot thait 22 YRol=S AREstth

1) CREATE
RDBMSZYE Aj2-g clojejulo]x, Boj2, He whert

oflA:

Create database tutorialspoint;



Create table article;
Create view for_students;

2) DROP
RDBMSZ Y E| H3o], B Ho|&, 7J2]1 go|EHo]AE A|Q]A|ZIC}.

oA
Drop object_type object_nam e;
Drop database tutorialspoint;
Drop table article;
Drop view for_students;

3) ALTER
glo|Ejto] A A7|0LS WHAA|ZICH

Alter object_type object_name parameters;

of[ A
Alter table article add subject varchar;
o] FHolx= ¥ articled] ZAIE=Z ¥ subjectzt= °]F5 7H

o}

=

2
N
=
1
1
oX.
tjo
o
N
)
%

2. Data Manipulation Language

SQLY= data manipulation language, DML 7} =Z&E]lo] Qtk. DMLE inserting,
updating, deleting= ARg-sto] CloJE{Ho]A QIAHAS WAFAIZITE. DML Ho]E o] A
oA dlolE WYy AAY L& o] AMAZ Aok SQL2 AHile]l DML HZof thgur 22
gajo] NES AT Yk

» SELECT/FROM/WHERE
» [NSERT INTO/VALUES
» UPDATE/SET/WHERE

» DELETE FROM/WHERE

o] gxt2 sl HlojE|ot HuE Hlolg]

a 1= T %E—Ef é_];q

a2
_O'ﬂ
o £
tol
mo ©
)
lo
Hu

N

et

(_)'g

>4

1) SELECT/FROM/WHERE
o SELECT
oj7l2 SQLY 7[E2AA Hel FPBoieel stoltt. o7 HAY t2 projection 7|5t



SARSICE o]Z1e WHERE £71 o4 A48 271 242 4452 A

o FROM
o] Zlclause)ofM= Ad=Hst2iAY Z2AE|Est2s £/4d59 <7 (argument)?t &= 7

o o]22 WAt

o WHERE

o] A2 m2AEstY = £/449 BAS ZAAst= =0](predicate) B+ 2715 Y

ch

o

AA:
Select author_name
From book_author
Where age > 50:
o] PFol= Al book_authorz £ Uo]7} 504 o/l AAte] o]&5 Ad=st

2) INSERT INTO/VALUES
o] @o]= g0l relation®] 220 7S U=Ist wf ALl

T (syntax):
INSERT INTO table (colum nl [, colum n2, colum n3 ... ]) VALUES (valuel [,

value?2, value3

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

oAl
INSERT INTO tutorialspoint (Author, Subject) VALUES ("anonymous", "computers");

3) UPDATE/SET/WHERE
o] B3ol= HlolE relationd Q= ZHE9 we 7AlstAY WdstaAr & of Apgeiot.

T
o

UPDATE table_nam e SET colum n_nam e = value [, colum n_nam e = value ...]
[WHERE condition]

of Al
UPDATE tutorialspoint SET Author="webm aster" WHERE Author="anonym ous":

4) DELETE FROM/WHERE



Blo]= relationof] = st 7| o]d9 22E AAY T AREstch

b
L

o] ¥

T
o

DELETE FROM table_nam e [WHERE condition];

oflA:

DELETE FROM tutorialspoints

unknown";

WHERE Author

XIV. DBMS-NORMALIZATION

1. Functional Dependency

5t

2 JhRo}

F

N

L
110

OE

1

- o

F2s0l 54 Al AZ,

Hel

7
=
=

=
e

rl
Aol &

a

ol

A

o

of 9Jujg dTmEH,

., BnoA =

474 Bl, B2,

M

s
n

.
1o

Zlojet.

che

TP

<r
W_L

o
AN

|

oA, L5

o}, th]

st

27ets A Qo

mju

2. Armstong’s Axioms

4

Fol 9]

1__‘.
=

o, $2)

F+2 %9 FOl closure(ZAx},

7L @4 45789 AE=Y,
=elf oz onprt fofd(imply) 2

1

(o]
ki

A

A 9] closures

A
o

SEA
IS

= Reflexive rule(¥tAte] z-2])

X — Yolt}.

folH,

A1S
(==

Y7} Xo] By

= Augmentation rule(Zt]e] z-2])
kel X — Yo|H, XZ — YZo|t}. o]

Zo|R|RE 7124

stare

I
L

o
Tl
ol
70

14
ol

» Transitivity rule(o]3§2] 2 2])



ch4-9] ol3A Al Lok Ghek X — Yol n Y — Zol® X — Zo|ch,

o 2o osf =t 22 T4 MAS f=df 2 4 ok

O

Algto]l A (Union): If X — Yo]il X — Zo|# X — YZo|c},
89] & (Decomposition): X — YZo|®H X — Yo]il X — Zo|t},
A} o]38A A F(Pseudotransivity): 9FF X — Yo|1 YZ — Wo|®, XZ — Wolc}.

[m}
Jo r:[)ﬂi i)

O

3. Trivial Functional Dependency

= Trivial
ukel sta &AM FD X — Y7F Q&|E|1. Y7} Xo] BERIsto|aln, o]ZS trivial FD 2}
F-20h. Trivial FD&= @74 RA1"tHhold).

= Non-trivial
9 FD X — Y7 @AIElL, Y7F Xo] LEA%o] opatd, 0|21 non-trivial FD2} 22

s

= Completely non-trivial
otoko]l FD X — Y7F SA|E3 x7F Y = $E intersect$ttidH, o]71S completely
non-trivialgty 22},

4. Normalization

gojEfHo] A~ T]R}QIo] YEistA] QrttH, 1710
o] A& AHanomalies)o] ZL gt A

79| 2758t

= Update anomalies
wd glo]y ofo]’lo] gojA Qlil MEA R iu}em
Al olF & . ol =01,
o]g] ofo]ElS 7BAl5} LA}
o] E o AE2 7IEY S &

% =(inconsistent) HJH|2 E7H &=r}.

o
N ]
-~

m Deletion anomalies
Qe7t PlReg AAste ShAIE, 1219 ARIE A A ks AE dob gedl, 1 olf

= S27F WA SshA, dlolE EgF ofE thE ol AR ool Q7] diEoltt.



m [nsert anomalies
fel= 23 EXoHA] ¢ HZE0 tolHE AYsta .

At BE ol2iat ol gage AASH: Woln] dolEluol A AT Ut HEIZ 7
et Folet,

1) First Normal Form(1 NF)

1 NFoA&= #AIQ1 tables 1 AA9] FoJE Aofettt. o] AoA Aolst= A2 A9
BE 452 U} £UQIS JpHof FThe ol YAl =Ojglo] Qi AELS B 4 g
+ @¥olth

S o7l INF= ¥4st7] ¢fsto], offixd 7| tablez A2 o Aot

7t s4e ojo] ojH ARAlY) wujoloRBE WA shto] Tl ZHerg Zrch.

2) Second Normal Form(2 NF)
2NFE 8]27] Ao, o33 22 Z-& olslistojof gy

o]

= Prime attribute - 7|2 7|(prime-key)?] AH2Q £442 712 &7ol2} st



= Non-prime attribute - 7|2 7]9] 48 30| ofd £ H|-7]2 &/d0o|2}

Ql

op

rok

=3

Qa7 2 NFE PAstId, RE u]-7]2 Aol 7|2 7] &4o] s gasoz

& 19 g

C9uksle Y — X 9A] ®ro 2 Exfslz| w]Zo|ct.

= -
Eofojop gtr}. &, ghd X — Yepwd, Xo] BRAIS Yo gup2r] Exfsix] oFopof i
S

22]+= Student_Project #AS EI1 Qlon], o]A9] 7|2 7] &

452 Stu_IDQ} Proj_IDo]

A
of. Aol ek, v]-7] £4 &, Stu_Named} Proj_Name2 ¢Zof oEsfjof sHX|gh 7E A
o7 ojhgt 7|2 7] £/30et oESHAI =t Ty, 27 & 4 Qe A2 Stu_Name
H
=

S Stu_IDof| 95}, 281 Proj_Name& Proj_IDof| 9lsl| ZtAp Al
partial dependencyz} B2 X|qF, o]712 2 NFoA 3]&& K] Qt=ct,

Thssitt. ol e

2= Yo IHAYE BAE F R 2ONQY et ojust BRA oE g EAfSHA oF

3) Third Normal Form(3 NF)

UAZE 3 NE7L 571 YsiA& 2 NFol QlojopRt shar, ofefjo} W82 TEA|AHof

wolmgt B]-7]E A& )% 7] 440 FolHow ofEs}x| oo}

= OJm 3t non-trivial &4 F&HG0] X — Y& Ao, 439 & §9 shojop o

o X 4710 ALY,

rOI'
£

ol

otk

ol
=
o



5 A 78 Solct.

Qa7 & 4 9l AL 9Jo] Student_detail TAA, Stu_IDE 7]o]HA SUst 7] 7]
Sdoleb Zolch, 5t Qa7t & & 9t A City: StuIDESH ofye} Zip 1 Ao
olsiAl AW Jhsatch Zipe 4m7)7b ofUn City °lA] 712 &Ao] ofujch meiA,
Stu_ID — Zip — City7} A= E 0, o]Zlo] transitive dependency o|C}.

olgfel HAS 3 NF2 vF57] oA, o= thaat 2ol o] #AS + 7H9 BAZ =3l
t}:

4) Boyce-Codd Normal Form(BCNF)
BCNF:= 9175] @sjA] 3 FNo| ahabalolct. BONFOJAl: chea} 2o] ZAkeic:

0|

= o] 3t non-trivial o4 F&/40] X — AL FLoll, X= #5-7]coF

st

2]9] O=oA], Stu_ID+= A Student_Detail®] #51-7|0|t, Zip= oA ZipCodesoAl £
m _7]o]t}. wafA],

Stu_ID — Stu_Name, Zip

kil

Zip — City

ol F 7i #AI= olAl BCNFO Qlt}.



XV. DBMS - JOINS

$2l= F ¥AE9 Cartesian products AMEro 22X A= A &, A B2 olfFv &2
+ AR FEEZ Y7 Alsstche Aol dish & g o 22y f45] g2 £74
S5 A1 Qe A9 FEE AAE Ao #AE vhe diAdE, ofd Fol= ZFEEQE
A ARESHI7E A 22 4 A

Joing selection AALO] £¥tE|= ZF2E|QF Ao ZAgo|t}. Join 7|52 T T il
Aoj(if and only if) Foj% 2AS UHFAZIGH, M2 O HAS2EYH & 719 HES
#(pair)2 2 FH=0}.

AdaiA oj2l 71Xl F72) Joindl o) Yotuxh

1. Theta © Join

MEF 212 AEF 2718 UEA7|= A2 8 HAREEH EE255 2N o] x99
2L 235 gz mA|SH}

B7|H:

R1 X o R2

R13} R2- &4 Al, A2, ... ,An 712]1 Bl, B2, ... .Bng 7K1 Q= A S0y, o] &
MEo0] F50=2 (in common) ojhsh Zx= ZHx] oo g o|7l& Rl N R2 = ¢ oJth

BE F89 W@ AUAE AHET 4 AT,

Flo

Her ZQl

AA:

Student

SID Name Std
101  Alex 10
102  Maria 11

Subjects

Class Subject
10 Math
10 English



11 Music
11 Sports

Student_Detail =
STUDENT NStudentStd = Subject.Class SUB]ECT

Output:
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. Equijoin

M} &=Qlo] @A &5 (equality) W HARITHS AR Tff, &5 E<Ql(equijoin)ole} F-ECt.
=

9] oAl 55 EAY AT,

3. Natural join

AR ZQIA e ofm et Blw AMARE ARRSHA] F=th. 0|7l ZH=ERF Ao] sh= Wi}
¥ #(concatenate)o] Qitt. = F ¥A o] Ao oF 7o) F& £Arto] EXfst= 4
Lot A 2RIS 23 4 QT TEbA o] 452 4T ol =UdS ZhAor
et

R 2U2 FHRY WANA £G4 ol LA tiREHE HH55 HideR ojFolnt

of| Al

Courses

CID Course Dept
CS01  Database CS

MEO1  Mechanics ME
EEO1  Electronics EE

HoD
Dept Head
CS Alex

ME Maya



EE Mira

Courses X HoD

Dept CID Course Head
CS CS01 Database Alex
ME MEO1  Mechanics Maya
EE EEO1 Electronics Mira

4. Quter Joins

A2 inner joinolet B2t ojuxlldls TAl OiFEE &7
< 7HL ols RESWE 26ty 1 UoAE2 2y wA oA #Rlc Jne A
A Fofsts BAEY ZE FESS ZIAIV] YsME outer joing AR&stoiof

=
o
P
ro
o
o|n
P
[¢]
_>'~4_‘
re
0o M
¢}

roL &on

o left outer join
oright outer join

o full outer join

m Left Outer Join(R =X S)

Left #AQl Roj| Q= RE EZS0] A} Ao mgtect 9+ RO §ZE0| Right oA
] = S

QI Sof| Sl FEE ojust I = o] FolX| x| ¢ o -4/452 NULL=
Mejsct.

of[ A

Left

A B

100  Database
101  Mechanics

102  Electronics

Right

A B

100  Alex
102  Maya

104 Mira



Courses =M HoD

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

m Right Outer Join(R X= S)
Right #A Sof] = Z& FE=0] 23 #Ao ==t SO FE50 Re FE2E0] A=
TR EA] d=0td, A3 HAQ R-&4/4 52 NULLE A2},

ol Al:
Courses X = HoD

A B C D

100  Database 100 Alex
102  Electronics 102 Maya
--= == 104 Mira

= Full Outer Join(R =X= S)
IHNM Fojste IAEY Be FEEcl FEF oA ZeEd. o
FE5o] Qobe, 0|25 77te] ul-ujy 445e NULLZ mA®c

ue B

Courses =X= HoD

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

MVI. DBMS - STORAGE SYSTEM

AoIEplal ATES ZYSL U MY TR AP, SAX AU YA
A=l dolElE o 7] 2t A%
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= Primary Storage
CPUA AN FIE & dv= tl2e A&717](storage)’t o] HEof &35tct. CPUS W O
BejQl register, WhE Wl 22JQl cache, 121l Tl Dﬂiﬂ‘ﬂ RAME CPUO| A I
9loW, o552 =% motherboardl} CPU chipseto]] At2] i 9tk o] AA7]7|=
o, AFUA whE 9 ofyet A (volatile)= ZHA]AL Tt 1AF A
£ wXs7] fstd A&AQ A¥saS 2ag shoh Aol AXA
ol = gt it

m Secondary Storage

22t 77171 vlElE St oy AgEeR e Widgor AMEHG. 2AF A7+
CPU chipsetOIUr ofefE el 4RIt otd &, utkiyE o g23el DVD, CD
= st A3, flash drives, 28|11 U014l Ho|m=eo} ZF

= Tertiary Storage

35k AA7|71E Shofet o) dlojEl S AAsh| Ylstel AtgECh olzldt MYV HEH
A|AEO] ojRo] Qlon g, o]ZlE2 HLolA T L2t} ol2fdt ARV HAIZ Al
~elo] AYPHQ WMl o AMREIC) Wk fjA3e opadE HolL So 3x AR

ge) ArgEn k.

1. Memory Hierarchy

olmelg 7bR 2 gl CPUE Q) o mejer ofy
9 HaY 4 A0 M deelze BIADE sl CPY
sEuct Lo olejd 4209 2QA(mismatcn)E slAstap] fstel, A4l H9elE
=Stttk AN HmelE Jpg WE AR ARKE AlFete, oz CPUA o8| 2 A%
Fashe HolEg mgetn gick

7V e A 559 wlRs 7P kol v (costliest). 18T APV £=7F =9
o, olZls2 HIAA] ¢th. DEARE 0|75 CPU AU 7i3 wi2jo] v]s] 2chet



o] dolE s AFE 4 Act.

2. Magnetic Disk

sl= A3 satolEr
=< oty " ga3zer 2

ALE5H7] OZo|t}. sh=
719] %*‘:‘%ﬁ—(spmdle)OH
2of 9+ ¥H(spot)oll At
1=t

ofr
—_

=
T
=

Jx L‘ rlr
5 o > & rr
% z
o U v
EO 0Il$
ol
N i)
T =
D)
o N
NS
= ¥
T b
&
-
>
D)
ox
o |
rFl
rII.
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rlo
o
o
i
hu

ro rE,L‘ rulo ml

1> 1o

ol
-

olE| S AAst7] ¢sto] A Hoj® A2 mUiECH stE fA
7} |1 9lch BE E2MS gectorsz L}H 0RO stE

gA3L 587
1| o

=2

2 512 vlol£9] dlolelE AFY 4 9ck.

O

Siel

tracksolet H 2= 3|
3o A= T A= AFA L

> e |n

0 ju

3. RAID

RAID& Redundant Array of Independent Disks®] &o|, th9] 2X} A A7 7]&
AlZl= 71&0lH, oA TLALUAAY A&

A2 =2 v

iih3
o2

RAIDE of2] 7px 842 24sr] stel, o9 gaast Az ATd wd
9lc}. RAIDO| G (level)oll et tjAzo] wjedo] A=},

ofk

el

fuju
P
R

oRAID 0

o] @AoA, fAazaol HL2L uj(striped array)2 A=} fo]El: blocksZ A7|X]
o 2552 o dadz puldc. Z Ay yERo= ¢r)/27) 15t dojE 2
g Asdth ozl ARIIVIY 4mo 45 Ak A 0AE ojmdt parityet
backup® ErfatA] ot

oRAID 1
RAID 104+ mirroring 71&-g AR&SIch glo]Ef7F RAID controllerd] BUWA|H, o]

pan)
rlo



Ot Bt fAFo folee] ARES Hudlty. RAID ¥ 1& mirroringo]zt
20, 75 2o 100%9] tie]”]s/d(redundancy)s A&,

oRAID 2

RAID 29|+ of2] 7}A] A F0f stripedE]o] 9= go]E et WA Hamming distance
S AR&5to] Error Correction CodeE 7]&gtch. 2¥ 0, stute] ©ojo le 2t glo]
B HEs 829 A3 7|[5EH 1 Ho]g ©ojz9 ECC codes= U set diskso] A
BHETh o] EAgsE 1AQF 2 " o= Qlsf, RAID 2+ YUAC=Z o] §EA] ¢kl 9l

o},

o RAID 3
RAID 30M= OF59 fAFo] Go]8E stripes $tC}. Tjo]g ©@ol80o= AJLHE parity bit
7F o2 gazo] XMAED. o] 7a2 @Y gAaIo] @FE F5o17| ¢sto] ARESHt

oRAID 4
ol TAOIA, HlolE ] HAl &5o] Hlolge] fATof] Hojfl o, mET}F Ateof o
T

=
T &30 A, 258 Z12 24 304+ byte-level stripingS AR&SHARE 29 4



o] 5= block-level stripingg AR&3stth= Zio|ct.

g 31t ¥ 4 2% RAIDE AlsYsty
o Aoz 3709 A 3r} = Qs

oRAID 5
RAID 5 o= offst fAa3o] 2E HolH 5552 2X|T, data block stripego=z Al
AMEl parity bitss= E Th2 AL t]AFo] I7ES AASH] Hol= 2E golg t]jATo

AP Al

oRAID 6
o712 RAID 59| Egdolck. of LG, £ 7fe] 53
S0 paga0z HYRT. £ Jjol HeEse 412

Aol A Hol= RAIDE Ast=r] 47he]

=) parities’t AAE]o] ThEo] fx
2 fault tolerances Alggt}. o] ©
3 =ajolust wW sttt



XVII. DBMS - FILE STRUCTURE

Mz HAY GojE Y JEe opd o] A
A A8 Ql(a sequence of) HlZEE0|th AT Efto]B= HIAEE AAYSH7] 915}
of2f 7o} 55c2 nYHETh o IESL olgt A3 5550 SAMITHmapped)

1. File Organization

FOOlME Ao mtg e2cs oj@sts Wde Aot Y s sxlsts e
47}r19] go] Yt

m Heap File Organization



d

Heap File Organizationg ©o]&3sto] otd-S TS o, Operation SystemoAl= F7HAQ1 Y
dg UHSHA] 9l oY 8ol twe] APZ Pt I HEt= T2st tlze A
% oojgjart Atelg Attt oleld HREE Welsk e utz AmEdolo] Meloltt,
Heap File2 1 ApA|0] E%H ojd3t ordering, sequencing, ¥+ indexing2 A|¥5HA| 9=
c}.

m Sequential File Organization
9E Ty AREdE 4 ARES KL A

g
ol
o
>
O

e

golg] "ol attribute’t

n3tElo] itk £XHA I RAIA, YA EEL unique key fieldl search keys ZAHZE
sl 2APY WAloR mpalo] Abe] itk AUAL 2elW FER BE HRESE 2RO
R e Gt

= Hash File Organization

Hash File Organizationg d3£9] &% "o jste] Hash a4
e
=

3 waol AnE ST PEst Al fad B2 ¢S

m Clustered File Organization

SeAE WAl e £AL e dolelulo] ol

SE % Aor AR T o]
HZIYEONA, F 74 2 o] #Alo e IHd HIitE2 st gAa3 259 9
of gttt Al WallA, 29 &A7F o574 &M7]o oJESHA] A=t Zlojtt
2. File Operations
dolgyolA M-S AYste = I F 7= HEed & o

m Update Operations
m Retrieval Operations

Ato] A= insertion, deletion, £ updateZ A}23to] glolg ZHS W7dstch shH
oANAE tcleE WetA7|Al= AIRE, A8l 270 Tt 2735 AM

g ZFOIA, selection2 TRt TS oot mbAo] A|Atat AR o]e]o
ofd £ Qe o2 7HA] AGEol Aot

0Open - YL = JIX] BE Z read mode®}l write mode £9] stz & 4 9t ¢
< FoAl glojeje] HYE s &sHA] =t e
dolH&g © 1 A= #'{ ATt °‘7l _‘itoﬂﬁ add md oz AEEE o] R
= =

of. 7] REok

olocate - BE HASL YL 2D she dolest EAistL Ut Fxe xS L
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ofr rr

ot ZRIE(pointer)S 7HA|1L QUT}. o] ZRIE|= FI7I2 £740] 7hssitt. AH7] seek
S AHESHH, ZRIHE o2 = HZ o|FAlZ £ Qlth

N

“Read - JZEZA, wjo] 7] REod A o, BY EIEE 1 wpde] ARRES
AFECE ol §A HAe FuAb ¥ U, w EQIEe] XS AT 4 Uk ofz A
o},

2Mo] EARICE 1Y ZQlEjo] vt ke HlolEl R ¢sA

oWrite - O] &A= 2A7] REoA UY&Z HASILAL dh= mUe] d7|E& A=d & ot
ESE deletion, insertion, = modification2 & 4 it} 1 ZOIHE= I X}sH= A7
of Y & WAL 2P AN 13 & 4 JEs sesdy dsKoz WY &
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XVIII. DBMS - INDEXING

dolelt elace Pz AgEch RE ARt shtel key fieldS ZHA1 9lo0], o]3
2 Qs BA RS AHsho] AgHCH

mQlstolat Melow ALREE ofl 442 272 HolEuolA HURYE FgA0R ol
B2 AMsts Hole 2% 7]¥e sttt HojEwo]A XA AlQlshe Q2] Ao
B ZAa} gApsiE

= Prime Index

Prime index= % JEE MolmielolA Liefdct. of Hlojejmale key fieldd] ojs) FEH
C}. key field= d¥tslo 2 A Q] primary key ©]ct.



® Secondary Index

27k AQle B 7|9l WERWE ALY 4 9lon], BE HAcdA EX FuE gL A
19t dl-keyol §U3 ghe Zech

® Clustering Index
clustering AQl2 A =% (ordered) Hlo]E] mUofA] UERITE o] fojg mYL
non-key fieldo]] A N=g

& AEE Al

rr
Hn
A
N
A,
Jo
ot
o,
4]
o

o Dense Index
o Sparse Index

1. Dense Index

gae Bt WA SHEAISh A
Ch. Aol Fm st gA 7] et gATolA ARl Holelg st
o}

BRI A= HlojEfHo]A0f Q=
AR

i ok rlo By

2. Sparse Index

©

8] 24910} 4], Q) aﬂ JEt nE G 7180 AR gheh ofrld] Qi Ael Fas
o= A 719k cago] 9l dlolElo] A mQIEsl maEich Sejt flREE ©
7) glstol, WAl MQl FRES Mel3hproceed) Theol HlojEje] AR R0 =it



3. Multilevel Index

ro

A 7] Zhak olole) EOIE 2 TAEo] ook ohpb Alele Axjel Hloje
of 9l dazo) AR Holeuo]lA FRIt SojdozR, Al

A ALQjo] 4mg iom lstet o2 ojeclol A dlacg wsor
"o ARt WY @Y WO Alelg ol gaiY, Ak Aele tiEe)
Phsgt olzalo Eﬁg s} gk,

o
un e

Porir

W
i O 9 B W
rh o Lol |m

ooy E
EmETL_L

ol JIAF upPZZE TA|(the outermost level)E ©d
a A

AH
2 A2 Z1o= ghg7] st Mg ofyf 7io] Hrot A
of. il dize]e] ofmel oAM= YA e 4 =F(accommodated) =3

B" Tree:= #3 %5l o)Xl &M Eg](balanced binary serach tree)o|t}t. o]Zl& tithr| A



T}, B* TreeoA] HAGSH= 7212 mt& al 5_5%0] £0] o
ot F7t2 9 =EE2 link listg Alg8ste] H3Eo] Q)

[

o] muioa o] it B Tree?] A - T(leaf node)

]
access WOl olyz} sequential accessk® X|{4E 4 Qltt.

1) Structure of B* Tree
DEQ LEL 2ZE LTt 2YE A3 Ao 9tk BY Tr
7JElo] 4™ order nof &gt

ARAQD Hloly R2RIEE YERH
[of] AoAf w+go] Fadte A
Ch: J2]82 B' Treex random

ce= no] &= B' Treef 02 11

m Internal nodes

oW non-leaf =EE0lE RE REZ AstHete Aol [n/2]EQIE7T EeiH).
o 7]7As ok, 8 7]9] U wCoj= n ZOlEESo] matEl A 9jc}

m [.eaf nodes

0Q oz Aojk: [n/2 135 ZJAES [n/2] 7]

ol 2.

A
971754\3110][ et 79 o =Eoe n dEE ZRAESH n 7] gheo] g
]

cBE 9 wCot 03l A APHI] AR B A9 B

2) B" Tree Insertion
=B’ Tree: WultolHE AOIAU 2} AEL ) o
w0t 9l w =7} WX S 2WH(overflow);
cwEg £ 7o) ER R
o Partition at 7 = /m+1, /.
oA WA AEY S g Y =tof AAEH.
DLJrD17<] ANEZE j+] onward= M2 L E=Z O|=3IT},
sl Q) wEo] Be vy FEert
s 0k H]-Q] L ey} dx]sa2w;
cLcE = Jjo atE2 AT,
o Partition at 7 = /m+1, /.
2 i 7tR|e] AESL § A9l weo] KAHCE
cUmA] AEE2 22 =52 0|53,

3) B* Tree Deletion
= B" Tree AEZ]= Y L EoA AMAEC}

= 2QE| prt mateol, Yad

A Edt(done).



m P QIEC|E Alopa] AMA|gtcy.

ot 710l YA w=etd, AZKoARE dEL]S AA|ste] ThAgC
= AAgE oF-goll, underflows 53t

02t underflow?} @AYSHCHH, 3710 dolgles S22 9 H QIELSS BARZIT
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XIX. DBMS - HASHING

st clolEllo] A LA Qlato], 170 RE WAE Saf BE AlQl e ©AISH Thof
st HolEE AMsty] gstel BAx Holg 22o] st Ae Aol Bibso] A7

— 01
Cf. hashing® ClAZolq MRS ASSIA 4D Gole ARES] AR UK AL

st mabs9l 7yolt.

Mol A dloje] #lReo] ojce|Ag A ofdt mtetulelzA Sl BA SiA 3

= Bucket - 83 WU ¥zl mYO R HoEE AT oY AAFe] wejolc} Ay
Mo shto] wzle 3 Jjo] ¢As fad w29 NAsty, AAtE(n turn) S ) of

ol Heg A & k.

= Hash Function - 5[4 &4 he 2& &@M719) N ES AAAQ Hol87F A=Al Q=
ol A0 tjEAIZ]= U &4 ojtt. o] B F|oARE Wl T AVK]E TR
goltt.

2. Static Hashing

BA siolA, EM-7] ko] Aled o 2 s e T LT o= AE ALt
oS S0, Y mod-4 sy 47t AFREIGTH, o] ©XR] 5719 Tk Agitd Zo]
O ZAat ojedae A 2 4o 3y AT Zolt. Aled #Zle Hae &4 ¥sHA
o

b ot glct.

&



= Operation

|
2
I}
[e]l]
==
b
|
S
>
oo
el
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8
o
o
ol
o
=
Dl
D)

s Insertion - #3.E g o, si4 A4 hi BA 7] k

= - =
802 1 e|nest AR w3 olse AT AN

5Search - HZES AN Rl ©, SAT 3 45 ALEste] HolEst A w2
o= AT HAICY,

o Delete - 0|7 AA| Zejol ofa Surel: 21T gajolct,
m Bucket Overflow

bucket-overflow Z713 collisiono]2} B&rC}. o] 72
ol Atefojct. o]2{gt ZL0f|, overflow chainingo] AH&

A B4 AroldE 2

o o
in}
D
o)
J
O

T+

ol

ol

=of o]A

il

o Overflow chaining - #7lo] 7[5 AW, A 2-& w7lo] Z=Ast 5|4 Ao
o] Zlo] oo} FAgr}. o]2jFt W7tU%2 Closed Hashingolzt B2



oLinear Probing - 8|3 47} go]g]7} oju] XAE o]t AS AYAMSH o, 7 c}&o] A}

v =2

G2% #{7lo] I7o] dgE}. o]gist W7t ES Open Hashingol2l F&rt.

3. Dynamic Hashing

A sl A= dlolEHlo| AV st Y Eolg O deAer SsAY F4E 2
Rk Aot J5A oM HolE HZle J5AC22 E= on-demando] T2t 7}
SHAY AAZ £ e WtUES At 984 siade E3t extended hashingo]2tal
T Stct
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sidolM, a4 &ae W2 Y w2 Addsted AREEAR, B A4TE A4
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= Organization

2] 7ro] A=of(prefix)= 2] Moloz 1 aIate st} 2] 7ol portion(st £7H

AZE 7l 011:9_1]/\£Lo§ AR EICH ZH7to] mE §)4] AMole uro w|EV} sf4] dha

AALst=] AFRE] = S Ho{Z7] §J5to] depth valued Zi=r}. o]2{st HHEEL 2n
< oEA & 4 QQEJ( TE o]2jsl H|ESo] AH|SIS T, = TE wF|ESo] 7}

At mff, depth value’} A&A o2 =rtstn 2uj(twice)e] B7|EESo] &gel

S rn

I £ a2 o
N
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un

= Operation

o Querying - Sfi#] AQ19] depth valueE ZArotAl o]2igh B|ESS AMESto] HZ|E ojte
AZ AALSHC}

oUpdate - YoXAH Y25 238 oh&ol Hlo|HE 78Alstt

o Deletion - H2| S AR&sto] AalAlsh= GlolEof] FLh

oInsertion - H7|EQ] o]t AE Attt

LS

o o

theol L giolEg AAII

&

“9ted 7]} ofu] ZbS AT,

a0 e WI|EE =7)sho)

» 313 ol additional bitsS ZF7tgtct.
T48 AL

ol oleg #7j



A« D= WY|EZL 7S AYdH, JA o 9] remedies(X| &)E o8 SHTt

sige dolEst ol #H2 AAHL H2} dlolele]
dlojel7k olatslol . BAIAY o), sh4l: Jbg & SayEct
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constant time).

XX. DBMS - TRANSACTION

S AmERL 238Uo] A9 AFtoA B Atz 500 €& o]HsH
St o Itdhsty £O9F EsiAIMEo]= ofg] 71A] low-level AF40]

= A9] A%}
Open_Account(A)
Old_Balance = A.balance
New_Balance = Old_Balance - 500
A.balance = New_Balance
Close_Account(A)

= Bo] A5t
Open_Account(B)
Old_Balance = B.balance
New_Balance = Old_Balance + 500
B.balance = New_Balance
Close_Account(B)

1. ACID Properties

ARH e v Ae wrele] m2a3oln} ool ofa A9 W 2F AYso] my
AHEOA] E=AIMN 2. Atomicity, Consistency, Isolation,



Durability, % ACID 4&oleh 218 Sxlsjobet aich. ofupstal ey, 24, 2ol o
ole] #3448 HAorsl] TRolct,

= Atomicity
ojZle EMMMo| YAt Trej2 A Fe|ofof ghrk HAolch. kAl LehA, oj3le] s mE
7b 2EL olR AE 2R QHErHe Aolch, EAMAM0] B dob 9t Hlo]
Ejglo] Aol = ofmsh JEi= EXSHA] ofotof gtct. of2ist JElE2 EsfiAldo] ey A
oLt} EZNAIM O] execution/abortion/failure o].0f 7Jo]&]ojof Sict

= Consistency
dlojefulo] 2k ojmgt ENMMo] LeYsicizte 1 chgolt AT HeE fAlstoiop

2

o}, ofmt EWMHE dlojejulo] A0 Qi HlolEo] GlzutE EesiAE o k. @ o
olEo] A7} EAMAMM 53 o] Ho] AT HEAPTHA, EMRHo] 2AH o] polw I A

AA] dEAo]ojop It

= Durability
dlolefdo] A H[E A|AFC]l AWSEAY A-AATEH G2t E & FAI9] Al HolHE 7
5] FAIZ & A=F U4A(durable)ojofof gttt TrYd EsfiAldo] glojEjH]o]A0] Ho]E
S i ﬂolEﬂﬂoli% HAH HolelE FAIsHoF ot Y EsHAHo] 4ofy
7F a3 71557] Aol 2 AJAR0] QFotohH, AlAH0]l TA] 7]5E O,
glolEl= ZdAl=lofof & Zlojct.

= [solation

h olge) EdAdel Aol £t JESo2 pyuD st dolsols Hadi,
Hold A|A”IoA T270o] GUst ESHAIEAQ] A Aol AEE o] A2 ojof

Che 4ol olue ERAAE Jlet e Adfe] ERAM0] e MAAE o Hick

rok _||-l'l rok

oR

2. Serializability

%o EfAAE0] HEl-mg 0y oA PAIAR o5 H3PE o, shte] ESiA
9] @ (instruction)o] ofH tf& EiAIFYL Q& 2] H(interleave)d 7Hs/do] Ut

o Schedule
EaMO] Arhe

(chronological) A2] &AME A7|ZEol2} &L AAEL 1
ERRES 7HE 4 Y. o] EMAE 2422 W instruction/tasks® <174 & o]

AAZEL sho] EAMM0] WA £3HE WAOR FEEo] ok A WA EWMMo] A}
Ao 28%7]2 YN O, obS EWNMo] SFHc EAMS] AFR YE o] 9
opx] EsRAlMo] APy oz £3EY] G2, od FRo| AAEL MY AAFole} BE
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oAborted - A|ZE9] ojd Zo] @ &s5t1, 7 EMAMNo] Q2 Arefo] TUdtoid,
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Ystod 270 st BE write 2GS AT o] HH e ERA

gich. dlolEHol A 54 w52 EfiAIMO] Hy|d oS, gt Z2 & 7HX| 9]

2
g F shte HEY 2 Ytk

opA
Fo
of
tjo
4>

:Orldﬁ

9'[:
£
o
e
)
lo
Hu
e
4>
rn
oz

Fo |:|

“Slg EWMAL ohA] AR
oy EMRHS gloct.

o Committed - EiAIMHo] AHAIQ] R E operationssS 3R 02 423HSITHH, committed
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XXI. DBMS - CONCURRENCY CONTROL

050l EffiAldo] FAlo] ZdPE= tF9 mZ=z Yy oA | EsHAIMEES 9
(concurrency: FAI)E EAlsts Zl2 e Fastch fde 9l
atomicity, isolation, serializabilityS ®A5}7] 9ste] H3iAl A|of

LY
of. WAy Aol 2E2e T cheut o] £ AR WRsHE & ook

m [.ock based protocols

® Time stamp based protocols

1. Lock-based Protocols

2 7]9t ok w2 glojgHo] A A]AERI2 ofm|st EcH
U 4(acquire)d W7Hxl HlolElE 911
o] &xjgich:

f:

o Binary Locks — GJo]E| ofol&llo] tjjgt 2 & 7Hx|2] AJEjol Aok A UAAY B
9)A U (locked or unlocked).

0 Shared/exclusive — olgl 39 & UI7IYE2 AHAlE0] AMEo 2771 He SS9+
tt2ct 9l o] write 7|52 $385l2]l+= dlo]H ofol&lo] AActH, o] 712 ujELA]
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1) Simplistic Lock Protocol

de S 1 oke AU o] 29EY] Ao, EWAMOR st BE A it =
2 2 4 Q=% itk EMMHL #7) s)so] BUH, dloje] ofol:e unlockd 4 9tk

2) Pre-claiming Lock Protocol
Pre-claiming Lock Protocol(A8x7 & FoH)2 A9 +d3S H7Ish th30] o] o
2¢h giolH ofo]Fgof 2AES T 8ol AlAfstr] A,
£ =2 AAslo] aBECh RE 2o
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3) Two-Phase Locking, 2PL

o] & oFe EAIMO] 438 TAES 3 ¥

o] Alatd o, Fof ZBQgt 5|7IH(permission)E A=t & ¥A £ &l

St Xolth. EfHAAo]l A WA} Fo|A SHA|EXoR; Al RR] ©AZF AJATEC
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+ #woli, & $Al= shrinking 22, EARAE] o5 {fA|H= £50] siAEHE 7
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HA] F7E+= read 53 Y43 osol,
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SHEF Q] write 22 ZAFat7] 9Jstol, EalAlA

2712 HiERAE Rl SojlA 7¥Alstofof Sit.

4) Strict Two-Phase Locking
Qa-2PLo] A WAl TAL 2PLat 2ok A WA TA0lA BE So] gad gl
Aol ARl &880 AlGE T Ty 2PLYF O A2 JA-2PLoJA = ARgo

I
o= =2 sHAIsHA] od=tt. Aet-2PLoA = commit point7hA] & 55 {AIRE B3,

Ao BE S2 siAI



ASH-2PLE 2PLA|™ cascading abortS ZHXl ¢F=r}.

2. Timestamp-based Protocols

SN OFEe 23] AR ) EWRNS oA FF RS 19 AT B w
o] SFAAE J|uF FOrse ENMAMo] WAISIALUIAL RS AAatc)

nE EMAPL AN 2YH EHAAMLE JpA R 9lon], 2AL EMAM Lol(age)ol
o8 AR ETE 0002 clock timeo] oAl EAMFPE 170 theo] WEoF RE e E
MHAECE Lol7l Bhe Ziolch ol Sol, 00040] AlASle] U ofH EJWRM Y'E 2
% 3 Zolog Mol Bt ol Zo| FolA Zolck.
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1) Timestamp Ordering Protocol
Timestamp Ordering ProtocolofA= HE=35t= A7]/27] &9 = EMAMHE 7o
4 (serializability)e WASITE 0|72 AYS(tasks)e] FE o] s EMAMO| EY
elx gro whe} 4ehslofopst ShTh: ot AlAsle] AQjolct,
m EAM Tio] E}UABRIT L TS(Ti)Z HA|SH]}.
m ¢|o]E] ofo]8l XO] Read E}YAEBHIZ = R-timestamp X= J7|35IC}.
m Ojjo]E| ofo]E8l XO] Write E}ABID = W-timestamp X2 7|3t}

P

Timestamp Ordering Protocol& t}&u} Zto] zristc}:



w0t EAA Ti7l read X &3S Al&Hissue)dtc}H,
oA TS Ti < W-timestamp X
s 290] Anart
oA TS Ti >= W-timestamp X

S Ti < R-timestamp X,
o] A¥g 1 Ti7} ¥=& ZltHroll back).
Grtel, 2ol 2Bt

2) Thomas’ Write Rule

o] FAlAE Urd TS Ti < W-timestamp X2tH, o] &9& AXE W Tie roll back gt
o Wstn giet.

Timestamp Ordering A2 A& H7|& A&A0= ghE7] Yo W42 & At

Tig roll back(@HFE 2 E=of 7H7]) st Tto= dfilof, 27 SF2 AAZ BAH
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XXII. DBMS - DEADLOCK

oA AlAROA, nAYEE AMEE Saste E80A BRA] Y=(unwanted) d®

=01, 3t NIEQ] ESHAIA {To, Ti, Tz ..., T2 7SN BAL Tow A4 AR5 &4
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1. Deadlock Prevention

AlAES] HES FE2 oYsty] flsto], DBMSE EAFo] of AlAlsta= ARAl9] =&
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< 0]g] ZAst7] 95t EAAAM O] timestamp ordering mechanismS A&
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1) Wait-Die Scheme
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2) Wound-Wait Scheme
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o] A7|ub= A1) EMAANo] J|ckd 2L HESIT UA|S, oefE EWAMO] Bt A4l
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2. Deadlock Avoidance
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XXIII. DBMS - DATA BACKUP

1. Loss of Volatile Storage

RAMY} e 3sjuby X AH7)7 ]% D= active logs, disk buffers, related dataS A AFstct.
7<7}§ o]7—]2 oixﬁ S Q L Eaﬂrﬂl/\qE 7§~1K]'o]“l:]> 01 1316} QHPM x17<1—7]7]

t E-% E
7} »Gtglol(abruptly) shabdci £& o] wHoldzk? #9st A2 flojHuojA0] BE
logsﬁk active copies?} At}AIcH= Zlo|t}. o742 HolH %401] osh & A2 A &

og BaL Ao Brhsatct.

0

A AA71719 &Ao] FASH AL, t39 7IdHE= AEE & Qo
92 A7|Hoz doleols EHES] QS 9ste] ohEe] WAlOIA checkpoints®
7}Aof gty

n g vl QtolA ZESHE HloleuoA0] AEl: A|doR ePYE AAY|VIR WA
oF(dumped) sttt o] AA7]7]0= E35t logs, active transactions, buffer blockso] I
ge7] % gt

= <dump>+= Ho]E{H|o] A FRNEVE v]-$H/d w228y bid vz AR doptt

log fileo]] ®7]d 4 ot

(o]

2. Recovery

m A AElo] Mu2 e S48 o, 2419 dump® 3] E(restore)d 4 .
= checkpointsA @& redo-liste} undo-listE FAH2T 5 U
w OpR| 2 A2 2RIEVMA] & EMAIAL] AJElE 25517] #4519, undo-redo listg 7

Tsto] AlAELS B3 4 9t

3. Database Backup & Recovery from Catastrophic Failure

MGA dele dFEL FAERJ] AF71717F fl&(corrupt) HAS o HAIT AR 7171
oF @A, 2 ool AgE ZE VHXIIE HolE7E AT 2] ol AYA Hmzf
Bl HolHE 542 &+ e 7 7 A2 gE A2 7R o

= Remote backup &minu - ©]72 Co]Ejyo]A HRQ] ALES Qo] WSS o Oh5S
2 s dA Fao AAot= Aol

s fotsl o 2 | fjo|Huo]A Wil UfIYE Eo|Z g ARESH th3of, 2752 XSt A
of Btol= Zojct. o]2|gh W2 uEof AMEA HR|E gojgHo] A0 WA ZIES
Abg-sto] ojtdr 4~ it
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4. Remote Backup
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XXIV. DBMS - DATA RECOVERYC

1. Crash Recovery
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2. Failure Classification

wAZE 2Rt X2 47 #I5te], = eR/RE ted 22 udet ¥aE Ye Aotk

1) Transaction Failure

ERMo] B 2aste 218 QRSHAL O ol Z 4 gt EUEd] RIS W FA|5
ofof %It} o] %S EW 440 EAMAMoL Hajupgsuio] S4Els EAME oze} ne

m Logical errors - EAMN &
error conditiono] 7] W&
= System errors -~ DBMS7} 171% 2 & Y Ee ofE AAR =27 giwof glo]
o] A7} " ofgt S5h7] miFof, tlolEyo]A A|ARl AAg HUbel ERAlE S
=3

2) System Crash

A Luiglol SANAN 5O Utlol s AR el ofe] s BAVL £t
of. o2 Sol, AYEI WYL 23 s=golo] B ofe} 2xEYolo] 0B

JA| AEl(operation system)?] of2]%& £& ofjo|c},

Mo

3) Disk Failure

|gede] A7l0), oS u)e & BAIUCL St AT Sejolnet AR Sejoli A}
5 ofste dth

OgA3 Q=0 bad sections® formation, TJAFT =29 unreachability, disk head
crash, 22]1 923 AFFo AA £ &S otystes 718 o7 50| ==L

3. Storage Structure

ofo] QoA A% AAElS Mustich. s TahM, AR PRE £ e WEE U



4 olek

= Volatile storage - ©|&°] ulst= ZAANE, ATd AG7I7I= AA”
a2 ot Yy AAZ7)7]1= CPU vi= dof xpelgdal ook A2 olAs
Aol WxiElo] ot ol Sof, el t=e]et 7i4 el g A%

C}. o]ZA S 2 w2 XUt HA] OfQ AR ofuto] M yutS xAFSF & Qi)

FEoA BT
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m Non-volatile storage - ©o|2ist HjZad]= A|AE Z=52HE PJAY £ JEE UtSolF
Ur. oA=L Hlolg A& &Fo] ti=olX|gt, ALGolA &£=7F BojXlT. o]RAE2 o=

St gA3, oty E gA3, flash memory, B]-Y&A pattery backed up RAMO]
c}.
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4. Recovery and Atomicity

A ARfA S0 2T o, 288 9 o2 7HxY] ESiAEat HlolE ofelF S W45t
glstol gel Qe ohYe wdol e 4 Utk EWMPL Aol(in nature) YA o2
7t7A] operations2 Thso] Aty DBMSO| ACID “g4of mef, ESME0] AR/ shtel
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DBMS’} 35276 279 . e 2L AES &

" 2P Qe BE ESAFAY JEIE AlZsfof st
m EiAlF0] o] operation®] oF 7hzHl Q1S 4 Qlth DBMS+ of2{gh &0 EAAE
o] AR EAsHoret it
w EGHAAO] o] HFHAEA] v AHEH = HE2oF sh=AlE AlAsfoF gtct
wojH 3 EHAIAE v]-Aed JEIR DBMSo| FARIA] R== sfof st
EiAES] AAMdS H7E W oty A =82 & 4 Ue F 3R 7IHol A
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l7_]|‘ E

WA logsE FAIot7], 2|1l tlolEHHo|A S ARZ ¥H7st7] Ao ojE ory
] KA7)7]0] TAES 712567 (writing).
w2 W 22joA ®Ishrt o] oAl thgofl, ARfi(actual) Hlo|EHo]AE Z¥AISH=

shadow paging2 S-X|5}7].
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5. Log-based Recovery
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205 #RCSo] wajoln] EMAMY o)s) 4HE HESO] it RIS 9T
t}. 2a50] ARje #sht Qo] Ao AP (written)s] A, @ RolA AHG2E oHgH A



m EAAFO] AAR O] JHE o] g0l AlARE wf, J7lof oieh =0t AdHEn).

<Tn, Start>

= £ Yo ofols XZ WA ), 0|31 cheut Zo| 2o ATk
<Tn, X, V1, V2>
0|71 Tno| VIo|ARe] Vartx] Xof gro] WRicks 71 Yk,

EdiAldo] FEES O, o]AL T3 Zo] logstt}:
<Tn, commit>

tlo]Ejgo] A TIHR] o] 2R S AFRSto] WS 4 Qlch:

m Deferred database modification - 25 2 752 oA XA ujA|of] A= th2o,
glolEulo] A7} =AMl e slw AT,

» [mmediate database modification - Z} & 350] Axj%
et &, glolEdol A BE operationo] T Tt

2
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o
[>
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oY,
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T
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6. Recovery with Concurrent Transactions

gk 7| o]/de] EsiAldo] YHEANo=r 23d w, 2 152 QIE2{H E(interleaved) ET. o
% Ao, o]ALE H4 AlA"o] BiE 253 AFA|(backtrack)st= A o@Al §F o
of, 55 AlARMI. o2zt A2 sbsty] fsto], Aol ojfe] DBMSo|A+=
‘checkpoints’ 7jE@& AF&sich

» Checkpoint - AA|Ztoz T2jn AR Ao 2153 BEstl fAHshs A2
A|AEIOA o] & 4 Qe BE H2aE 715 A& & QI AKto] E2i7td, 27 mpdo]
UE AXMA O 4 87 2 &%= . checkpointi= 2+ o]A9] 2152 AJAHINA A
7t oo A gazo gFde=m AAsh= WY Eo

3 S Ith. checkpointof A= 27 ]
DBMS7t dytel AJEfol Qlla 2 EfAd0] Sagid AEQd ZRIES At
" Recovery - F7]/d0] Q= EHAHO] AARI0] F=3t OF 5142 o, O3 22 A

o=z Fck



t}. redo-listo]] Q)

054 A|ARL2 ORR|9F A3 ZQIES] PoARE dog 255 Yt
o0& 719] 2] E, undo-liste} redo-listS {-X|gtct.
ogtY 21 A]AEIo] <Ty, Start>9} <Tn, Commit> H+= ©A| <Thn, Commit>= ¥

=]

[m]

ookl 21 A]AElo] <Ty, Start>7} Q& 212 Xk o]yt 98 = X% 2
a5 A FEgd, o EAAMAS undo—listell zith F&

» g

undo-listo] 9=
(0]

A7dst7] Rof| redone HT}.

DBMS DONE!!



