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Ertimedo amoBbnkevonc

* Kuplwg pvAun
* RAM, cache
e TaxutnTa OTNV MPOOTIEAQCN

* Ta SedopEva XAvVoVTOL OE TIEPLMTTWON ATOTUXLOG

e AguTtEpPEVOLOA UVALN
e YXKANpO¢ Alokog, Talvieg
* Mo apyd, AOyw NAEKTPOUNXAVLKNG KLvnoNnG
* Mo aflomiota o€ eninedo aotoyiog
* YITOKELVTOAL KOLL AUTOL OE OLOTOXLEC OUWCG

2T OVVEXELD,
Siberschatz,

Korth &
Sudarsan



ErtutA€ov entimeda amoBnkevonc

e >TaBepn amoBnkevon

* .., ovotnuata RAID [k avtiypada tou biou
amoBnKevTkoU LECOU]

* Hard-copies ©



AOTOYXLEC TOU CUOTNUATOC

* Kako npoypappa (pne Aadn, énA.)

* Aotoxia cuvaAlaync (adie€odo, abort amo tov
Xpnotn, KAm)

* Aotoyia Tou cuotnuatocg (mtwon peuATOC,
adLe€odo AeltoupyLlkol CUOCTNMATOC)

e Aoto)la UALKOU (kataotpodn okAnpou Sdlokou)

Failure: acotoyia n amotuyia



Eueic Ba aoyoAnBoupe pe ...

* Aotoy)iec cuvallaync (adle€odo, abort armo tov
xpnotn, KAm)

e Aoto)lec Tov cuoTAMaToC (MTwon PEVHATOC,
adLe€odo AsltoupyLlkol CUOTAMOTOC)

Ta armoteAeouata TPOTOTOLOUVTAL YL VA
QVTIUETWITIOOUUE KOl (OTOXLEC UALKOU...



AUTO LeTAPPALETOL TIPAKTIKA WG

e Ta Sedopeva amo TNV KUPLWE v N XavovTtol
OPLOTLKAL

* Tao Sedopeva mouv €xouv amoBnkevBel oto oKANPO
dloko elval aodpain

* H BA miBavwc BplokeTal o€ aguVven popodn.




«OLOUVETIN» ? QuunBeite Tn
ouveTmeLla amo to ACID test

read (A4) ;

A := A - 50;
:l> write (4);
--CRASH--

/\feaérﬁ%—; P

w B—=35B—+-503 w
wﬁt&&Bﬁ—.
A: 150 € A: 100 €
B: 200 € B: 200 €
w w

A+B=350+ » A+B=300



2 € TIEPUTTWON arotuyloc ...

* JKOTIOC €lval vo SLOTNPCOUUE TN CUVETIELA TOU
OUOTNMOTOC.

* MMpemel va enavalaBoupe (REDO) OAeC TIC
ouVOAAQYEC TTOU £Kkavav commit

* MNpemel va avaipecoupe (UNDO) ooec
TIOPEVEPYELEC eETEDEPAV OL CUVAAAOYEC TTOU HeV
npoAafav va kavouv commit
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Log (loTopLKO)

* Log (lotopko/Ixvoc/HuepoAoylo): Eva apxeio oto
okAnNpoO 6loko Tou KataypadeL OAN TNV LoTOPLO TWV
EVEPYELWV TIOU €KTEAECTNKOV Ao to DBMS

* Evepyelec:

* BOT/EOT (Begin/End Of Transaction)
INS/UPD/DEL (ntot, write) éva record
COMMIT/ABORT pto ouvaAAayn
UNDO/REDO pua evepyela eyypadnc (write)
CLR: Compensation Log Records yia ta UNDQO’s
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Baolkec evvolec yia To Log

* To log wc apyeilo elval Eva cUVOAo aTo eyypaPeC
(log records)

* KabBe log record xapaktnpiletol povoonpavio amo
eva Log Sequence Number (LSN).

* To ouotnua ekOLOeL avtopata to max(LSN)+1 yua
kKaBe vea log record

13



Log Record tumou “Write”

* LSN
* Transaction ID (TID)
* YeAiba tov kavoupe update

, , T1: UPDATE EMP
* Offset otnv ev Aoyw oeAlda

, , SET ID = 30
* Mnkoc o€ bytes mou aAAaloupue

WHERE ID = 3

* MaALla TN

* NEa TIUN

Log Entry: LSN12,T1,PAGE32,0xFFF32,8,3,30
14




Aev pTAVOULV QUTA ...

* PrevLSN: To akptBwc mponyoupevo LSN tnc wdLag
oUVOAAQYNC

* TLyilvetal av aAAaéel oeAidba n eyypadn?

NN /N

BOT
(T1)

LSN12,T1,
PAGE32,...

LSN13,T1,
PAGE32,...

BOT
(T2)

EOT
(T1)

LSN16,T2,
PAGEA4S.,...

e ...kow Ta. EOT/BOT £xouv LSN (OOW

15



Baowkn Apxn Write Ahead Logging

Mpotou ypayeic ottdnmrote otn BA, katoxwpnoe
tnv avtiotown yypawn oto log

QuoLKA UTTAPYXOUV TEXVLKEC AETITOUEPELEC ...

16



TLOa el write ?

>

Hard Program
ar <+— | Buffer | «—— | amory
Disk AUECO

~_ Nnote?

e Y& KGO commit?
e Y& KAOe pLa evepyela write (aoxEtwe commit)?
e Y& TOKTA XPOVLIKA SlootApota?

* KaBe omote 6ev €xel SOUAELA TO pnxavnua ?

Dirty page: ocAiba rou exet aAdayOei otov buffer, aAda oxt
oTO OKANpo 6[0/«?7



LS RECO FRON SMON

Log entries 0To okANpoO \ I I I

-

6(_OKO KOLL '[r]\/ KUpLa Mvr"'ur] System Globa| Area

Database
Buffar Cache

1
Exw buffers otnv D m stored | [padicton

Server Sarver

Kl") p l'a' I"I'Vﬁl l"ln V l'a TO Lser Processes rocess Procses

on C I

Log writer: o
YrieuBuvog yla va
uetadpepeL oeALOEG Logend:

’ LMS Lock procass
aro toug log buffers RECO . Recorerrproess

SMOMN  System monitor

OTO (append OnIY) CKPT  Checkpoint

ARCO  Archiver
DBWO  Database writer

log file LGWR Log wiar

DOD0 Dispatcher Process
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AUO Baotkol TpomoL eyypadnc

e Steal: emutpEnovue pLa oeAida va ypadtel oto
dloko, xwplc va £xeL kAavelL commit n cuvaAlayn
riou tTnv aAAaée [No-steal, av ypddw povo
committed ogAidec]

* Force: e faN\ouE o€ OAEC TIC OEALOEC ULOLC
ouvaAlaync va ypodtouv oto OLoKO, AMEOWC META
to commit [No-Force, av KATOLEC UTTOPEL KAl va 1N

ypodTouV]

19



>TNV pagn: Steal

e [padw pa un commited oeAida oto dloko, eite
ylati yepwoav ot buffers, eite ylati av kdvel commit
n cuvaAAoyn xwpic va aAAdéel Eova tn oeAida
KEPOLOOL O€ XpOVO

* KL av amotUxeL n ouvaAAlayn? TOTE MPEMEL VO KAVW
UNDO otnv aAlayn tng oeAidac

* Dirty bit: kpataw €va bit mou A€eL av n ceAida eival
dirty  oxt

20



>TnVv nipacn: No-Force

e Aev ypadw pa commited oeAida oto dloko, yla va
arnopuyw to KOoto¢ eyypadnc (m.x., A\oyw boptou
TOU OUOTHUOTOC EKELVN TN OTLYMN)

* KL av ammotUxeL To ouoTnUa? TOTE TIPETIEL VAL KAVW
REDO otnv aAAayn tn¢ oeAidoc oto dloko

21



Write Ahead Log revisited

Mpotou ypayeic ottdnmrote otn BA, katoxwpnoe
tnv avtiotown yypawn oto log

* [la va ypaelc pa updated oceAidba amo to buffer
niow oto dloko, mpemnel oto log (oto dioko) va
£XOUV TIEPOLOTEL OL TTAALEG TIMEG YL Ta records TG

* [La vaL KAVELC commit plot cuvaAAoyn TIPETIEL OTO
log (oto 6loko) va €xouv ypadTtel OAEC OL OXETIKEC
log records

22



Me aA\a AoyLa ...

* MPIN ypapw pia oeAida otn BA, ypadw oAa ta log
records 1tou tnv adopouv oto SLoKOo

* MMPIN kavw commit pia cuvaAAdayn, ypadw oAa ta
log records mou tnv apopouv oto dloko

* [lpoooxN: TA TTOPATIAVW ELVOL TTEPLOPLOUOL
opBotntac kot oxtL alyoplduoc ©
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Kat Tt kEpOLOA?

* [La va ypaelc pla updated oeAida amo to buffer
niiow oto dloko, mpemnel oto log (oto dioko) va
£XOUV TIEPOLOTEL OL TTAALEG TWWEC VIO Ta records TG

e Y& MepPiMTWON amotu)ioc TN ocuvaAlaync, Umopw va
kavw UNDO

* [La va KAvelg commit po cuvaAAoyn TIPETIEL OTO
log (0to 6loko) va exouv ypadtel OAEC OL OXETIKEC
log records

e Y& MEPLMTWON ATTOTUXLOC TOU CUOTHAATOC, UITOPW VA
kavw REDO
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2 XOALQ

e Steal: kat va mac va kA€ elc otn BA, AEN pmopeic
va KAEPeLC oto log

* No-Force: kall va pnv €€avayKkaoeLg TIC EyypaPeC
™nc BA va ypadouv oto dloko, pemel va ypadouv
oAec ot log records

* Mnv &exvate otL Kol to log mepva amno buffering!

25
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Ertitayuvon tnc avavnyng

* Av exw povo to log file, 0tav ocupBel pla amotuyia,
npeneL va emavaAndBetl 0An n wotopia tnc Baonc
dedopEvwy, armo TNV apxn TS KATOLOKEUNG TNC

* AUO pnyaviopotl errtayUvouyv tTnv avavnpn Ko
TOLUTOXPOVA AUEAVOUV TNV ELOTILOTLA TNC
dlaBeopotntoc Twv 6eOOUEVWV OE TIEPLITTWON
amotuylog:

e Backup
* Checkpoints

27



Backup

* Me ta backup to Intnua ivat Aityo moAu
npodavec: av emavadepou e to backup, To povo
Tou xpeLaletal eival va emavalaBoupe tnv
LoTtoplo oo TN oTypn Tou backup kat peta

Backup/ Logfile | —

oo to backup
WS TWPO.

28



Checkpoints — 2nuelo eAeyyou

* MNepLodikaA, TO CUOTNMA KAVEL TIC €€NC EVEPYELEC:
e JTOHOTA KABE AAAN eVEpYELL
e Kataypddel To cUVOAO TWV EVEPYWV CUVAAAQYWV

* [padel (flush) oAdouc touc buffers e log records, oto
dloko

* padel (flush) oAoug toug buffers pe records tng BA, oto
dloko

e [padel oto log pia eyypadpn CHK (checkpoint)

29



Checkpoints

* Sharp checkpoint: to npoavadepbev ldog
checkpoint

* Fuzzy checkpoint: avti va otapatnosL 1o cuoTnUQ,
ypadEeL LOVO ToLeg eival ot dirty pages + ol EVEPYEC
oUVOAAQYEC Kol OTEAVEL TNV eyypadn TwV ceALOWV
autwVv oto background. Awalovpaote va

cavarnapovpe checkpoint povo otav n
nopaoknviakn autn dlepyacia TEAELWOEL.

30



Fuzzy Checkpoints

e Av exoupe fuzzy checkpoint:

e OLouvaAAayEc ouvexilouv va TPEXOUV, OTIOTE 1 TIOLPATIAVW
kataypodn adopd TNV KATAOTOON TOU CUCTAMOTOC OTNV
apxn tou checkpoint.

e AEN kavoupe force Tic dirty pages oto 6ioko otn SLapKeLa TOU
checkpoint

 Etol, av yivel pua amotuyio, v €xoupe Kaplo eyyunon
otL oL dirty pages ypadtnkov oto dloko kat n avavnyn
KoBuoTEPEL TTAPOTTOVW

e ATtO TNV AAAn, n dtaBeoLuoTNTA TOU CUCTAOTOC
avéavel

31



Checkpoints & eyypadec oto log

* >10 log ypadetau:
* begin_checkpoint record: mote &éekivnoe to checkpoint

* end checkpoint record: meplEXeL TOV TTVOKA EVEPYWV
oUVOAAQYWV KAl TwWV Ttivaka UE T dirty pages table.

e Mavta kpatdape to LSN twv checkpoint records aAAou (master
record) ywa va xpnotpornotnBei kata tnv avavnyn

32



Fuzzy checkpoints

* Aev maipvoupe véo checkpoint av v €xel oAokAnpwBel n
kataypadn oAwv twv dirty pages tou mponyoUEVOU TO
dloko — mpoakTika, N umapén tou enopevou checkpoint
UTTOVOEL OTL TO ITPonNyoUEVO OAOKANPWONKE

* ArtAa oto checkpoint kataypadoupe tov mtivaka amno dirty
pages, otov orolo, yla kaBe dirty oeAida, kataypadou e to
LSN tn¢ o maAtdc LSN rtou tnv TPOMoToLEl, armo TOTE Tou
™ Pepape otn pvAun (reclSN). Ztnv avavnyn, Ba
¢ekwvriooupe 1o REDO aro to mio maALo reclSN mou
kataypadnke oto teAevtaio checkpoint

33
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* Avavnyn tn napovoia WAL
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Abort cuvaAlaync o€ Kavovikn
AELTOUpYLOL

* Qewpnote €va amAo abort ploc cuvaAAaync, LE T
ocUOTNUO VO AELTOUPYEL KAVOVLKAL.

* OO OVOLPECOULE TLC ETILLEPOUC TIPAEELC TNC CUVOAAAYNC LLE
TNV avamodn oeLpd KAVOVTOC EVEPYELEC UNDO.
e Bpiokoupe to lastLSN tn¢ cuvaAlaynic (to €xel o tivakog
OUVOAAOYWV TIOU KPATAE OTNV UVAULN.

e AkoAouBoUpue avtiotpoda TG EVEPYELEC TNG OUVOAAAYNC LECW TOU
prevLSN touc.

* Mpwv kavoupe taa UNDO, ypadoupue eva Abort log record

35



Mo KABe evepyeLla mou avatlpoU e, BATOUUE TNV TTOALA TLLA OTN OXETLKN
oeAiba (Tnv omola €xoupe dEpeL oTNV KUPLA KUVALN, OTIOU KoL TNV
EVNULEPWVOUE).

MpLv TO KAVOUE aUTO, Ypadoupue oto log éva Compensation Log Records
(CLR). CLR’s = log entries mou kataypddouV TI¢ TPALELC TOU CUCTAMATOC Ao
TNV avavnyn LEXPL TNV emavadopa o€ KOVOVLKN Aettoupyla

KAdBe CLR éxel éva erumAéov nedio: undonextLSN mtou Seiyvel To LSN mou mpémet va
yiveL undo apéowc peta (6AS. To prevLSN tnc log record tnv omola kdvoupe Twpa undo).

 Ta CLRs MOTE éev udiotavtalt Undo otnv avavnyn

2To TEAOC TOoU UNDO, ypadoupe eva “Transaction end” log record.

36



Commit cuvaAAaynNC o€ KoOoVLKN
AELTOUpYLOL

* [padoupe eva commit record oto log.

* OAa ta log records pexpt to teAevtaio LSN tng cuvaAaync
(to lastLSN a6 tov nivaka cuvaAdaywv) yivovtat flush oto
Log file oo touc log buffers.

e EyyvoupueBa ott flushedLSN > lastLSN

* H ouvaAAayn evnuepwvetal 0t to Commit()
oAOKANPwWONKE.

* Kataypadadetal eva “Transaction end” log record.

37
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Avavnyn av exouvpue WAL

e 'EoTw OTLTO OUCTNMO ATIOTUYXAVEL KOl TIPETIEL VAL TO
emavadEpoupe (AToL, va emavadepou e tn BA oe
OUVETN Hopdn).

 'Eotw emionc otL to cuotnpa vAorolel eva Strict 2PL
NPWTOKOAAO

 Hdwdwkaola avtr ovopadletal avavnyn (recovery) n
avakopupn n emavadopad

 Av €youpue xpnotpornotost WAL Kotd TNV KOVOVLKN
Aeltoupyla tou cuotnuatoc, N avavnyn €xet 3 pAoELC:
1. AvdaAuvon (DO)
2. REDO

3. UNDO
39



Daon Avaluonc

e Atapfaloupe to log amo to teAevtaio CHK w¢ to
TEAOC

* AVOKOAUTITOUE

* VIKNTEC (Winners), Ntol, cuvaAlayEg mou tpoAafav Ko
ekavay transaction end peoca og auto to dtaotnua

e nttnuevouc (losers), ntol cuvaAAayec mou dev
npoAaBav va kavouv transaction end: eite dev
npoAafav va Kavouv commit, €ite ol YpriOTEC TOUG TLG
ekavayv abort & dev €ywve full undo

e OAoL ot aAAoL (o pv) ovopalovtal “don’t care’s”

* EvtomiCoupe tic dirty pages tn otiyun tng
arotuyloc (BA. otn cuvexela)

40



Winners & losers

Time Ic tf X

o | |

r

a 2 | :

n

S 73 |

a I |

c 74 | |

t 75 |

1

0

n

S Checkpoint System failure
(time tc) (time )

Source: An Introduction to Database Systems, C.J. Date, p. 381 +



Winners & losers

Time tc.Start tc.End tf
71| | |
72 || |
I S
T - - w—
74| | |
A1 e—
O€ LaC apopd
winner Checkpoint System failure
loser (time #c) (time #f)

L il ! 42



Daon TnC avaAuonc otnNV ortAOLKN
ekKOOXN

e Ao to teAoC tou log file we to TeAsutalo
checkpoint:

e Oroto log record <T, COMMIT> A€l OtL cuvaAlayn €Xel
KAVEL commit, umaivel otn winner list

e Omoto log record <T, ABORT> AgeL OTL ouvaAAayr €XEL
KAveL abort, unaivel otnv abort list

e Omota cuvaAayn NTOV OTLC EVEPYEC CUVOAAOYEC
tou checkpoint kot 6ev €xeL kAvel oute commit,
oute abort, pmaivel otnv abort list

43



MDaon tnc avalvonc otnv ARIES
ekKOOXN

e Ao 10 T€AOC Tou log file w¢ to teAeutaio checkpoint:

* Omouwo log record <T, END> aoxetwc commit ] abort BpeBei, AceL otL
ouvaAlayn T 6 Ba yivel undo

e KaBe aAAn cuvaAlayn (6AS oL evepyEC TN OTLYUN TNG amotuxiag),
urtaivel otnv undo list

* Aopecg bebopEvwy o XPeLAl{OUAOTE
* Madl pe TIg evepyEC ouvaAlayEC tou umipxav oto checkpoint,
orola AAAN cuvaAlayr) CUVOVTOOUUE UIALVEL O€ €va TIVaKOL

ouvaAlaywv, To Xact table, padi pe to nedio lastLSN mou AéeL oo
Atav to teAeutaio LSN tneg kaBe cuvailayng

* [ kaBe oeAidba mou aAlalel, kpatape eva mivaka Dirty Page Table,
omoiocg yLa kaBe oeAida kpata kot To recLSN = to 1o rtaAto LSN mou
TNV aAAAleL
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Daon REDO

e AmAoikn ekéoxn
e REDO winners!

e AlaBaloupe kavovika to log, amo to onpeilo ou Kavape update
TNV 1o naAwd buffer page w¢ to téAog

e KaBe mpadén mou avrikel oe cuvaAlayn winner yivetot REDO

* ARIES skéoxn
* REDO all (winner:s, losers, CLR”s)! Enavqcbépouus ™ faon otnv
KQTAOTOON TTOU ATAV TN OTLYU TNG KATAPPEUONC
* Anodelyoupe axpnotec aAlayec (BA. mapakaTw)
* @¢toupe to pagelSN oto tpeyov LSN.
* AEN ypadoupe tinota oto log file

45



®aon UNDO

* UNDO losers! AloBaloupe avamnoda to log, amod to TEAOC tpoc TNV apxn
e KaBe nmpa&n mou avnkel o ouvaAlayn loser yivetat UNDO
* ARIES:

While there exist losers not fully undone{
Choose largest loser LSN not undone.
If this LSN is a CLR and undonextLSN==NULL
Write an End record for this Xact.
If this LSN is a CLR, and undonextLSN != NULL
Add undonextLSN to ToUndo
Else this LSN is an update => Undo the update & write a CLR

e [poooxn: umopei pLa loser va €xel EekvnoeL ptv to checkpoint!

46



2TO TEAOC...

e Kataypadetal eva Recovery complete log record

* Kavovika, To ocvotnua raipvel eva checkpoint
WOTE VO EKKLVNOEL UE
e OAec TIC melpaypeveg oelidec flushed at disk
 all committed changes flushed at disk
* all changes of aborted transactions undone from disk

* ... ONS, oto bloko dev umapyouv uncommitted
values, katL otnv KUpLa pvAun dev umapyouv dirty

pages

47



[Twc evrtonilw tLc dirty pages?

* Eotw OtL o€ KABe oeAida kpataw eva edio pageLSN mou
kataypadel to LSN tng teAevuToilag EVEPYELOC TIOU EKAVE
update karmotlo record otn ceAida

* Avoid REDQing a page when:

* Affected page is not in the Dirty Page Table, or
» Affected page isin D.P.T., but has recLSN > LSN, or
e pagelLSN (in DB) > LSN

48



Compensation Log Records

e Kol TL KAVOULLE OV TO CUOTNHO OITOTUXEL Qv KOTA TN
Stadikaoia tng avavnyPng?

* H kevtpkn WO€a eival 0tL ocuvexil{ou e Ao KEL TTOU ELYOLLE
Leivel (6oo auto eival duvato), afLomoLwVTOLC
e oOrmovu urtapyxel checkpoint péoa otn dtadikacia avavnng, Ko,

* TO YEYOVOC OTL KABOE mpaén mou KAVOUE Katd tn Stadilkaoia

avavnync kataypadetal eniong oto log file pe Compensation Log
Records (CLR’s)

49



TLylveToL o€ mepilmtwon amotuylog?

/ [/ [/ [/ / LSN = LOG
RAM 00 —-— begin_checkpoint
05 — end_checkpoint
Xact Table 10 -'- update: T1 writes P5 .- prevLSNs
lastLSN 20 = update T2 writes P3 O
status I W,
Dirty Page Table 30 + Habort« — . .-
flushedLSN 45 = T1End —°
50 — update: T3 writes P1
ToUndo 60 = update: T2 writes P5
X CRASH, RESTART
Awapaveles amo 50

Database Management Systems, R. Ramakrishnan and J. Gehrke



Amotuyla Kata tnv avavnyn

[z221l szl lz2] 1 22] 2

RAM

Xact Table
lastLSN
status

Dirty Page Table
recLSN

flushedLSN

ToUndo

Arapaveles omo

LSN LOG
00,05 —~ begin_checkpoint, end_checkpoint

10 — update: T1 writes P5
20 _ update T2 writes 3
30 -— T1 abort
40,45 — CLR: Undo T1 LSN 10, T1 End
50 —-— update: T3 writes P1
60 — update: T2 writes P5
3 CRASH, RESTART
70 — CLR: Undo T2 LSN 60
80,85 —— CLR: Undo T3 LSN 50, T3 end
X CRASH, RESTART
90 — CLR: Undo T2 LSN 20, T2 end

undonextLSN

*
R4
b

51

Database Management Systems, R. Ramakrishnan and J. Gehrke



EowTnoeLc KpLoewc ...

* NMw¢ pmopw va mpoduAaxBw armo amotuyleg Tou
UALKOU [pe Baon oAa ta tponyoupeval?

* TL Ba kEPSLLa/Exava/AA\ale av tEpvaya Ta
updates oto 6loko, uovo oto commit [Kol OXL Lo
npw] ?

* TL Ba kEpOWa/Exava/aAAale av Ekava
urtoxpewTkwC flush tic dirty pages oto commit ?

52



EowTNoELC KpLOoEWC

* Tt Ba ylvel av kata tn dtapkela tng avavnyng to
oUOTNMO ATTOTUYXEL Eova?

* TLOa aAAale av VTl yla [moAté& tiph, véa tipd] OTO
log record eypada [nori& tipg, s apopd] ?

* Exel onuaoia n oewpad twv UNDO kat REDO? Meoa
o€ KAOE pLa amo auTeC TIC PACELG, EXEL onpaocia n
oclpa’?

53



Mnv Eexvarte:

Backup =

Log file

arto to backup
w¢ TWPa

BA
Twpa
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Offline && On-line backups

e Offline backup

* H Baon dev elvat dtaBeoipn og aAAoug XprnoTeg ANV
Tou DBA

e Aev umtapyxouv uncommitted or active transactions
* Mua kaBapn ekdoxn NS PAonc KataypaPeTaL O Eval
LECO armobrnkeuong
e Recovery with Offline backup
* Restore the database armno to backup
* Redo post-backup winner transactions from the log
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Offline && On-line backups

* On-line backup
* H Bdon Asttoupyel Kavovika
e Aewtoupyoupe kat’ avtiotolyia pe eva fuzzy checkpoint

e OAa ta meplexopeva TnG faoncg kataypadovtal o€ Vo LECO
amoBnkevong, xwpic va tepacoupe amno tov lock manager (apa
avilypadovtal kat uncommitted records)

e Recovery with On-line backup

* Restore the database amno to backup

* Process the log and act as if it was a fuzzy checkpoint (Do-Redo-
Undo)
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