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B1ZEL(Checkpoint)

—

0 DBMSEEMELERZRS - EEZRIR SR NYILIE - e E
REFREEWTARET SR EMER(ER)ER
- HRHEIRETRTA RS
~ SRR E & R B BN E R HE AR
- FEHEEER A [checkpoint] &t - H 58 RF &R ElEAY H S5 ARLRR
- ZHKERITR S

0 RAHBERAE
- begin_checkpoint @ FTRELBLEIARS

- end_checkpoint : f& HAI 572 (Xact table) 2 45 # & & 5 72 (dirty
page table ) :
o %5 Abegin_checkpointiz - HAMAZ SEENIT > Fill » LHRIEERE
begin_checkpoint [EEZIEHME > fH Sfiffn & RL (fuzzy checkpoint)
= %Zﬁﬁﬁibegm checkpoint FYLSNAFZE ! (F8 Eymaster record)
» DAL TR R ([E11R) IF 55
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—R A ZHIENE BT

0 —ER ST #HENEE - BEIE » mfe DIESE (SRS
)(commit) - B¢ ET(abort)4E R

0 [Rilz=(2PL(Strict 2PL) © &2 Z.HEE SIMERR ()RR &
(commit) B¢ # T (abort) 4 RERCHHIT 455 E + FrlL - HAR
L HAEIEAE SHERL (X AT) A 2 Bk R - 0 AH0F(EE
B AC & R HY &R o[BI ] DURECR L HERE B o] 18 [ (

d[18)M: (recoverability)

0 STEAL, NO-FORCE 4g{#7 & & Bt - WAL(Write-Ahead
Logging) &%l (5t 5 A HEEHE)

0 &7 ELH%S](Checkpoint )
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\ B EREHFRE I H RS E

(/1011177070070 7077777

e
LOG l RAM

LogRecords Xact Table
LSN Data pages Xact ID
prevLSN(LAST_LSN) Egch with a lastLSN
XID pageLSN(PAGE_ID) status
type
pagelD Dirty Page Table
length master record PAGE_ID
offset (begin_check_point) LSN(earliest)

before-image
after-image

flushedLSN
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ARIES BE(E1E)EEx
- ’@ﬁ3 { ﬂfﬁf?\( EIEE=) e

0 Aries{8 [ ([5]18)H i?”ﬁl steal / no-force 1%
il - HARYER 3 (& {I r (R
— Write-ahead loggmg(%% A HEERE)

- FEEEREDO) B EHEMTHEENELER
(Repeating history during redo)
0 ARIESEEMIIRIE 2 L2 EFAINVIRER @ MERREH
KR 5E YA i/ undone
- FEUNDOFEE: - & stak EH HEefE (Logging
changes during undo)
o ZOEEET Bl e ARIESE #2390 T E.5€ lCUNDORYE R (R
BTERR(ER)R LR - AUEFCEHUNDORYE

o)
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\Aries KRR R (1R B =EIFE

XNt ES E
sirions | 0 TR (RITH
: checkpointzZr§% )iy master
record)
ST B R IR,

LSN(earliest) 0 ﬁﬁ Analy51s EFX ,EH/AAé)FZSEﬁ
96 » PR 5y Rl (3L ) ~ kL
EARTER A TENTRZ AR

- EEREDO FAaHsEsE =
0 (EERTAE S TEATR 5))
U - UNDO HBEEH: <2 5
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RIR(E1R): 7rrPeEs

0 [EPEE TAE
- FHERE HESE el R F e T EE(REDO)HY _LAE
- AR E G R AVERE (dirty (updated) pages)
- B RS E TS THI A &
- HEEAEEIFHERIR
o EEHT Xact table 2 Dirty page table
0 f_ﬁﬁEleE & R begin_checkpoint Bada i F(E Ha5E > L
HREELERER
FieE ?UEX%TE’JES/{? EErmendRe o BRI S TR 53R+
fHH % R Ryt 4% T5¢ 8 (abort 2 committed)
- KmendEI’JEIE% EEHEE - G B AR 73R A - J
B X ) EUE}E&E&%ZI%&SN =LSN k¢
E% /\%Hﬂ( Xact status) > 75 CLASHERL(BCAY) » RIS FrARRR4E R C
( commit) HIJ By U( 5[%5[@4\;5 undone)
B (el ST A+ 256 EIP 5k R E Dirty Page
Table > HI| :
o JIPED.P.T., 3¢ E {8 LSN(earliest)=LSN

llU-ll

|
u

return
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Vi=] =\ *° BE kb
EIR(E1E) - EfEfEEZ(REDO)
0 gﬁ%ﬁg@ﬁﬁ%fi%@@(repeat History) » DIEEE L4 & 15
STEYINRR -
- %ﬁfﬁ)ﬁ S (B HETIAC 7)) » KEEME H s & ik
S
0 {ED.P.T.3&0 5/ LSN (earliest) FAGTm Tt ELE H ZEE
{E(REDO)E—CLREEFHILSN - [ T :
- BELSNEFHVE R AR HHRAEDirty Page Table (FoE2E)C H T £
BRI 2R+ L A MVEF) X - BUSNB R gk R
{H LSN(earliest) >

- BELSNEHHy &R H HIRAEDirty Page TableE[j
LSN(log record) (%%TE%@JEE%@JE%E@E’] SR E A > FTLL - ANEE

oy

=

{E) » B
- pageLSN (fFERHEH) >LSN (HEEEERIEE) oA EHae
(LSN) > %ﬁDB;ﬁ\@JEE%ﬁ?Mﬁm /HF“ /f);)x Né@*ﬁ
0 E{ERVEHE : D 4E %< return

- B THEEETIRR ST R
- FfpagelLSNEZ HEIEHHENEERI#REY LSN - N VEECHFE] HE0HE
25/32
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&R ([2118): UNDO [&Ez

0 Undof AT/ RS TR 3 5 BB » Hh50
e I I ETERE
LSN ; )\ZL/EE_{TUNDOVJjJD/\g—ECLR UNDOZ

T AT E@J)ﬁﬁ?ﬁ“ﬂéﬁUNDo Eﬁ%ﬂ%(ToUndo)
E’J%M’Ei’JUNDO #(ToUndo &R EEEZE)

ToUndo={1 | I %Xm)ﬂiﬁﬁﬁc%Z?%ﬁLSN (lastLSN)}
Repeat : E1t8
- #%1E ToUndoH £ AKHY LSN
- Z5IH LSN & CLR HundonextLSN==NULL
0 B SE A—=F End &5
— Z0H LSN & CLR HundonextL.SN = NULL

o #IH undonextLSNVElZfE (P JEZTTUNDOZLSN) &
A ToUndo& £

- 75t LSN ﬁb%%‘—ﬁ(uPdate) » HI| UndolE &3 » 23 A —25CLR
i pl‘eVLSN/7 A ToUndo& R

Unﬁtll T%I)J)ndo is empty (EZ[ToUndoEE&ZE T (&R

return
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(a)
LSN LAST_LSN TRAN_ID TYPE PAGE_ID OTHER INFORMATION

Example
1 0 T update C
2 0 T2 update B
3 1 T1 commit
4 begin checkpoint
5 end checkpoint
6 0 T3 update A
7 2 T2 update C
crash | 8 7 T2 commit
|
(b)
TRANSACTION TABLE DIRTY PAGE TABLE
TRANSACTION ID LAST LSN STATUS PAGE ID LSN
P T1 3 commit C 1
%\?sc’\} T2 2 in progress B 2
G
fﬁ#‘ ?\éfz)\ TRANSACTION TABLE DIRTY PAGE TABLE
TRANSACTION ID  LASTLSN STATUS PAGE ID LSN
T1 3 commit C 1
T2 8 commit B 2
T3 6 in progress A 6

Figure 21.6  An example of recovery in ARIES. (a) The log at point of crash.
(b) The Transaction and Dirty Page Tables at time of checkpoint.
(c) The Transaction and Dirty Page Tables after the analysis
phase.
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e rar y | LVAY
R B
Oy The analysis phase starts from location 4 until it
reaches the end. The end-checkpoint record would

contain the T.T. and D.P.T. as in Fib (b), and the
analysis phase will further reconstruct these tables.

- Log 6, a new entry for T3 is made in the T.T and a new entry
for page A is made in the D.P.T.

- Log 8, T2's status in T.T is updated.

0 REDO phase: the smallest LSN in the dirty page is 1.
The LSN {1,2,6,7} corresponding to the updates for
pages C, B, A, and C reapplied.

0 The UNDO is applied only to the active Xact T3.
UNDO phase starts at log 6 and proceeds backward
in the log. The backward chain of updates for Xact T3
is followed and undone(only log 6, in this examéplme) _

T0 \/NDO§ ; 3 or LSNF§ g omit BIFCHES £ 8BIZEHE comit
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Example —crashes during restart

LSN
!

10

20

30

40,45

50

60

70
80,85

90,95

2022/12/13

LOG

begin_checkpoint, end_checkpoint

update: T1 write P5 ™~ __  prevLSN
~

update: T2 qute 11353 ~
D &1\ PR ool S —
T1 abort”" ~N undonextLSN=20
CLR: Undo T1 LSN 10, T1 end >
update: T3 write P1 prevLSN N
update: T2 write P5 == =— — — —

CRASH, RESTARTZHE 5T
7CLR: Undo T2 LSN 60, undonenextLSN=20

CLR: Undo T3 LSN 50, T3 end

CRASH, RESTART

CLR: Undo T2 LSN 20, T2 end

pEpo: 527 2040
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4 [sNbo T CRNSTY RESTARN &5

Dirty. Rrge Toble (DpT)

Aot Tt

X10 LostloN, Stopus PAC:‘__.—E -0 IM
T (R abart) Py *P
T2 ko U 2 22
T 3 50 U P§ iy
< bo BT Zabor‘tjﬁ’)mg;ﬂ’/’ PEDLE Obﬁ‘tﬁ
)Qe,oto
To \/NDO’*?bO) 5’03 For Lg;\]:— bo
xU“ (}hcow\mi‘tﬂcg
TOUNDD‘.?_S*O))«D% Cor LSI\IS To

To UNDO=22
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Summary of Logging/Recovery

0 Recovery Manager guarantees Atomicity &
Durability.

0 Use WAL to allow STEAL/NO-FORCE w/o0
sacrificing correctness.

0 LSNs identify log records; linked into
backwards chains per transaction (via
prevLSN).

0 pageLSN allows comparison of data page and
log records.
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Summary, Cont.

0 Checkpointing: A quick way to limit the
amount of log to scan on recovery.
0 Recovery works in 3 phases:

- Analysis: Forward from checkpoint.
— Redo: Forward from oldest rec].SN.

— Undo: Backward from end to first LSN of oldest
Xact alive at crash.

0 Upon Undo, write CLRs.
0 Redo “repeats history”: Simplifies the logic!
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