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Part 2: HEW%S



N ;&jEEEﬂiﬁpftjkﬂiiE

B BURERIP: An &AM EEYGTRIR, ARKEZLTE, ABAKE
JE i BB B R Hu ik B
0o RUMMME: FEIKE
o EMMLE: FATHES

" HIBERIPIEE AT TR SEH
o SEEMITHIRA

+ Enable constraints

o REMEHIEA
+ Authorization and authentication
o HIEFEERERA

+ Deal with failure

o FERITHIFIAR

+« Deal with data sharing
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=\ YEERGNE ST

m Consistency of DB A] e TF#BEm #E A IR
o ESSHE
o IrRBE

o RLGHIBE
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1. FENME

B RS BN EFARRTEE

o AI TR ER SRR
» BIN AIEFF AT LA BLHIATRE, WFEIKEfREIANE. B

o JEFHHHI B S5

BHEE RS KM

i

R ISR A

=)

@tﬂﬁiiﬁi‘gtﬂﬂé, SHESZHFEDIE. NAEFITZELBIEYEE, RS
TR
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m EfE (Hard Crash) ,

o FHEMBEH:

BHEE RS KM

2. &
— AR AR R

BER, BRI

e
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3. Ryl

T u G B4 (Soft Crash) . F1FOS. DBMSHEE
T B SR A G NIEE L, BHE SR

o MM AEAEITHES, BWIFESNRES, EFBFENRRE
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4. IEEE R G Y =

 HEY

o 1 E DBEFIL—HIRTS

m B[R

o L% (Redundancy)

m SEMFIE

o EHARMNENH

26

o EMEFHFE (log)

o BT EHH

A
SRR

BHEE RS KM

ITIRE
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4. BIRERGHERS R

The recovery process

o Crash
| Hehk | BATHES l
t0 M miopEcs t2
>

| EREA A H & HFRATIRE BERIBITHS

\ & A -

ARRERE RIS s | Do HEXH

I >

=P (G E
(1) BERNREFE, NELERBEE
(2) FIAASHITESEERENRGHERE, —EREITELER
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=. UndoB&E

B ESHBWERTERBEEMFRERNEAEAET
o UndoH7E. RedoHRE. Undo/RedoHE

B A ERNEIC BB S TRIRELR

B UndoHEXHFHAR

o EFHWHIGFRIE (<Start T>)
o EEBILE®RIFIE (<Commit, T>T<Abort T>)
o BHEHIEMIRIEILRE, —MEBLUTHE

¢ PUTHRIERVEHEFHRIR

* BRIEXR

> BHEFEME (FAAARZE)

BHEE RS KM 12
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1. UndoAZEHIN
B ESHNEF—MEXRIESBER—1BEILE <T,x old-

value>
C é)ﬂﬁ BE#E e, MMItiEa) BEIERY 925 2

 HESZSHNMAENERBEBEANEER, % <Comniit,T>H
SICESR#E

Write Ahead Logging (WAL) %5 H &
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%5 BE(Write-Ahead Log) RN

B EREESE#SEZE, MMEESESERAMERSR#ME

WT1IFAEEUAI00RT R E&FE. W ILEf900E
B HE BRWIREE, BERKERERHESR.
<T1, Begin Transaction> RER S REE, T1ERERUNDO, {BIKETEHRT
— ’ B i T iR 4 A & %1000
JEEH& MREERE, NEEEREEEEEES, 1
<T1, Begin Transaction> ;fgiﬂﬁ—)ﬂwmﬁfﬁ, PR mRREE
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BHEE RS KM

T1:

1. UndoBEHAN
~<Start, T>

Read (At);

t« t —100;

Write (A,t); <T,A,1000>
Read (B,t);

t<« t+ 100;

Write (B,t); <T,B,2000>
Flush Log

Output (A);

Output (B);

<Commit, T>

Flush Log

Log

15

Initial:
A=1000
B=2000
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VAR E RS KL

1. Undo BN

T1:

Read (At);
t <« t —100;
Write (A,t);
Read (B,t);
t« t+ 100;
Write (B,t);
— T/u?hTaE == Fail here
Output (A);
Output (B);

Flush Log

16

Memory

A:900

B:2100 <Start,T>

<T,A,1000>
<T,B,2000>

A:1000
B:2000

\ //

Disk
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BHEE RS KM

1. Undo BN

Memory

T1:

Read (At);
t <« t —100;
Write (A,t);
Read (B,t);
t« t+ 100;
Write (B,t);
Flush Log
Output (A);

Output (B);

Flush Log

Fail here

17

A:900

B:2100

<Start,T>
<T,A,1000>
<T,B,2000>

T
I

A:900

B:2000

\

<Start,T>

<T,A,1000>
<T,B,2000>
————

Disk
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1. Undo BN

Memory
T1:
Read (Ab); A:900 || ...
t « t —100: : <Start, T>
! B:2100 ’
Wite (A0 T
Read (B,t); <Commit,T>
t<« t+ 100;
Write (B,t); —_
Flush Log ( _
Output (A);
Output (B); A:900 || <start,T>
S B:2100 | | <T,A,1000>
— —— dall nere
Flush Log . <T’B’2200>/
Disk
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BHEE RS KM

1. UndoBEAN

T1:

Read (At);
t <« t —100;
Write (A,t);
Read (B,t);
t« t+ 100;
Write (B,t);
Flush Log
Output (A);
Output (B);

Flush Log

Success!
1

19

Memory

A:900

B:2100

<Start,T>
<T,A,1000>
<T,B,2000>
<Commit,T>

A:900

B:2100

<Start,T>
<T,A,1000>
<T,B,2000>
<Commit,T>

Disk
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2. EFUndoAER%S

The recovery process

| L= | BITES% ]

t0 t1 it B &S0 t2
|

BERIBITHS

Fd H &

Recovery Here ‘)
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2. EFUndoBElES

AP AEE, REE%E<Commit, T>g<Abort, T>H
FREE%, BMA—1EHFIFELE

= \ERAHEAREHEICER<T, X, v>,WRTe L, N
o write (X, v)
o output (X)

® Foreach Te Ldo
o write <Abort, T > to log
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2. EFUndoAER%S

VAR E RS KL

T1:

Read (A,b);
t <« t —100;
Write (A,t);

Read (B,t); TR !

t« t+ 100;
Write (B,t);
— T/u?hToE == Fail here
Output (A);
Output (B);

Flush Log

22

Memory

A:900
B:2100

<Start,T>
<T,A,1000>
<T,B,2000>

— I

A:1000
B:2000

\ /__/

Disk
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VAR E RS KL

2. EFUndoAER%S

T1:

Read (At);
t <« t —100;
Write (A,t);
Read (B,t);
t« t+ 100;
Write (B,t);
Flush Log
Output (A);
Output (B);

Flush Log

Write(B,2000)
Output(B)
Write(A,1000)

Output(A)

Fail here

23

Memory
A:900
] <Start,T>
B:2100 <T.A.1000>
<T,B,2000>
—
//
A:900 "<.Start,T>
B:2000 | | <T,A,1000>
<T,B,2000>
\ //
Disk
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2. EFUndoBENES

® What if failure during recovery?

No problem!

Just re-execute the recovery!
Because each recovery has same effect!
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3. UndoH E:‘E‘\gﬁ

B <T,x,v>idREXETRIIAE
B EA<Commit, T>Z A HIES N

n ERNZEBERIZES, REEREXES
o H<Commit, T>HESZ S EC SO

BHEE RS KM
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9. RedoH&E

m EXHBRE R, MNiZEMARedoHEIZRAIMEH
S35 E (WAL)

n EHEEE#ARNITS <Commit, T>HEIZHE

m HERRNEREXEFE

o <T, X, v> --Now vis the new value

BHEE RS KM 26 &I (jpg@ustc.edu.cn
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BHEE RS KM

1.

RedoHZ &M N

T1:

Read (A,b);
t <« t —100;
Write (A,t);

~<Start,T>

Read (B,b);
t« t+ 100;

<T,A,900>

Write (B,t);

Flush Log
Output (A);
Output (B);

<T,B,2100>

<Commit,T>

Log

27

Initial:
A=1000
B=2000
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1. RedoHEAMN

Memo
T1: by
Read (A,t);
t « t —100; AW | cstart T
- / <Start.T>
B:2100 ’
Write (Ab); <T,A,900>
: <T,B,2100>
Read (B,t); <Commit,T>
t<« t+ 100;
Write (B,t); e
— v == == Fail here — T
Flush'Log < >
Output (A);
Output (B); A:1000
B:2000
\ //
Disk
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BHEE RS KM

1.

T1:

Read (At);
t <« t —100;
Write (A,t);
Read (B,t);
t« t+ 100;
Write (B,t);
Flush Log

~ “Output (A); |

Output (B);

RedoHE# N

Fail here

29

A:900
_ <Start,T>

B:2100 <T A.900>
<T,B,2100>
<Commit,T>
<Start, T>

A:1000 ’
<T,A,900>

B:2000 <T,B,2100>

<Commit,T>

Disk
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BHEE RS KM

1. RedoHEAMN

T1:

Read (At);
t <« t —100;
Write (A,t);
Read (B,t);
t« t+ 100;
Write (B,t);
Flush Log
Output (A);

Output (B);

Fail here

30

A:900
_ <Start,T>

B:2100 <T A.900>
<T,B,2100>
<Commit,T>
<Start, T>

A:900 ’
<T,A,900>

B:2000 <T,B,2100>

<Commit,T>

Disk

%5 (jpq@ustc.edu.cn)



BHEE RS KM

1. RedoHEAMN

T1:

Read (At);
t <« t —100;
Write (A,t);
Read (B,t);
t« t+ 100;
Write (B,t);
Flush Log
Output (A);
Output (B);

Fail here

31

A:900
_ <Start,T>

B:2100 <T A.900>
<T,B,2100>
<Commit,T>
<Start, T>

A:900 ’
<T,A,900>

B:2100 <T,B,2100>

<Commit,T>

Disk
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2. EFRedoAZHES

B N AR, HEAA<Commit, T>SHES, MA—T
HEIRLP

 NERARABEZRER<TXVv>,HRTe L, N
o write (X, v)
o output (X)

®m Foreach T4 Ldo
o write <Abort, T > to log

BHEE RS KM 32 &3 (jpq@ustc.edu.cn)



2. EFRedoAZHES

n RS RIEA

o B H <Commit, T>idFi:
A A RS

+ Differ from Undo logging

o H<Commit, T>IERMNERAIGEEREE#HE, E

Redo

REVERAUNSHER

+ Still differ from Undo logging

BHEE RS KM

T

| LR E

ik 5 B 22
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3. Undo vs. Redo

= UndoETiBIE i (Immediate Update)
m RedoETIERE#T (Deferred Update)
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3. Undo vs. Redo

Undo: ZEIE#H (FR) Redo: i EEFH (GEWM)

T1: T1:
Read (A,b); Read (A,t);
t « t —100; t <t —100;
Write (A,b); Write (A,t);
Output (A); Read (B,1);
Read (B,t); t« t+ 100;
t« t+ 100; Write (B, t);
Write (B,t); Output (A);
Output (B); Output (B);

< [ AERAA < [ RERH

a0 | RERNE 30 | ARG

f?
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:. Undo/RedoB:E

B X EBRIEE R, MNIZESXNAESIIELMEHES B
# F (WAL)

B HEPHIBHRIESCR

o <T, X, vV, W>
- = vV Is the old value, w is the new value

m ATLASZBDERT, WRILAEIREFh
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1. Z£FUndo/RedoHERESE
- IEr'j?Ela"* HZE, F<commit>HEFHMARedoF Iz, 1¥%
BERNEZBAUndodE

B REAEAFEEE, MNF<T,xv,w>, HFTEUndodz=H, 1|
o Write(x,v); Output(x)

B FREAFERE, XF<T,xv,w>, ETERedoF|z=+, N
o Write(x,w); Output(x)

® ¥FUndoF|FRHHT, SA<abort,T>
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BHEE RS KM

1. Z#FUndo/RedoBERES

KA R H) H &5
<Start,T1>
<T1,B,2000,1900>
<Start,T2>
<T2,A,1000,900>
<Commit, T1>
<Start, T3>
<T3,C,3000,2000>
<T3,B,1900,1800>
<Commit, T2>
<Start,T4>
<T4,D,1000,1200>

. Undo%3 {T3,T4}; Redo

{T1,T2}

. Undo

T4: D=1000
T3: B=1900
T3: C=3000

. Redo

T1:B=1900
T2:A=900

. Write log

<Abort, T3>
<Abort,T4>

38
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1. Z#FUndo/RedoBERES

® tUndo/5Redo

VAR E RS KL

R AR ) H 75
<Start,T1>
<Start,T2>

<T1,A,1000,1200>
<T2,A,1000,1100>

< Commit, T2>

T1ZUNDO, T2ZREDO

WESREDO, NA=1100; R/5%E
UNDO, A=1000. AIEH

2UNDO, A=1000; R/5REDO, A
=1100, 1E#

39
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o WERTIEXFE

75, ¥ 5 (Checkpoint)

= é % %ﬂﬁﬂﬁi Hj‘ «Z‘?—'J'iil’-'_:lf* E cHo
ZEUNDOZI|5=FIREDO% 3%

BT,

P

7

HEXHIERIR

1% A A H Sk

o 2B HEEERREDOFIFRRK, FEHRELEZFRIK

BHEE RS KM
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1. Simple Checkpoint

Periodically:

(1) Do not accept new transactions

(2) Wait until all transactions finish (commit/abort)
(3) Flush all log records to disk (log)

(4) Flush all buffers to disk (DB)

(5) Write “checkpoint” record on disk (log)

(6) Resume transaction processing

BHEE RS KM 41 &3 (jpq@ustc.edu.cn)



2. Checkpoint-Based Recovery

KA R R A R

to t1 t2

TAE S | BTG H E 01T IR E |

R SITRARY H ST O
EFRE SR | |

RE SEARRIERE R Z TR commiti/ENE R E BB E, ERENAFREDO
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VAR E RS KL

2. Checkpoint-Based Recovery

Start CH{I‘ End CHPT

<

T1
T2
T3
T4

R A

TS5

Log

B ] ts te

tf

EB: UNDO={T5}, REDO={T4}

T1. T2MT3H TERE & Z B & Commit

KA FEZEREDO

43

<start,T1>
.<.étart,T2>
.<.étart,T3>
<commit, T1>
<abort,T2>
.<.<.:ommit,T3>
<checkpoint>
<start,T4>

<start, T5>

<commit, T4>
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+. BEREER

i BEEHESTERR, SHRARSHNBEFE. EXT
5 HSBERT B3R SEfR LB KRBT

= X FLog Rotation¥5#; 77 fi&

Log.2
(AR
Log.1 Log.3 Uﬂ*ﬁ(Archi\S) %
Log.6 Log.4
. g g ~_

mingx ( NLog.5) A S B s
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B EH
 WiEE—EUE
 WiRERGHPES
m UndoH7&E

m RedoH&

® Undo/RedoH7E

m Checkpoint

= HERFERAK

BHEE RS KM
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