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[ B Outlines

= YP{T#EHl (Concurrency Control)
= {8 (Recovery)

[5%2% : Ch. 7, Section 2BdSection 3]
[ X : Ch. 14]
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EAEITH ' DMLISSHEEDQLIES
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[ B if17#EH(Concurrency Control)

" BT
o EZ RS DR —FEGFRE—FEEF - #8017 °
o WITERIPIESERBIEITRAR FIEE - A SEHETE - 5
R SR 1% (Isolation) @ AR R AN ©
= B :
o SERGFEIFIETT - mMABEHTZ
o Wkfi3Z 5 Bl R & (Response Time)
o M35 EH(Throughput)
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[ﬁﬁ@ﬂ*ﬁﬂ%ﬁi%ﬁ%

B #(Lost Update)

A —¥% M (Inconsistent Analysis)
FKitEso X (Uncommitted Dependency)
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[ BB

» BEEZ2ERX5RIENT  HERR S EHERERIBEE
FHERB)E - vt ERIIBEENAS B IEHEGE
A n]RHIRIEER) * HAIBREH
o Pl RERIEBE—MIESRx - Hx =500

(3) T1: x = x+100 = (FfFE : r (%), x = x+100, w,(x))
(B) T2: x = x+250 = (B : r,(x), x = x+250, w,(x))
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DB in H.D.

X 360

o TIExHIER

T1 T2
@ <read(x), T1+>
@  x=x+100
G ® <read(x), T>
@ X=xX+250
® <write(x), T1> €AW 5L E))
® <write(x), T>>

o RRPUTIBR - F— RS E R B HERE e e o
« EEEEREHNGHE “—EFR” nFSHLPHE

TEfE (B - EfFQ) @K °

o N[FFHHLBERE —ERHEORE R IEHER)
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| F—B5Hi
. NEAIERER S (Incorrect Summary)RiE o

 —FREEAESHHEUEERNEEIFRE SR (Aggregate
Function)Z51H @ GHIRHP—{EAEFIEHBEH R 5HE
o SRR S ERGTE I SR A LR o
o Pl : R Em{EER<Hly - Hix=500Hy=200 ° IIHGMER S
T1FIT2 :
= T1: SUM(x, y) = x+y
> (BIE 1 r(x), T = T+x, r,(y), T=T+y) * THIAEEO

= T2: #2505 iExBly
= (BfE : ry(x), x = x-250, w, (x), 1, (¥), y=y+250, W, (¥))
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T1

T2

DB in H.D.
X 260
y 460

Total=0
® <read(x), T1>

@ Total=Total+x

Total = 500
HEfFNEC ISR

® <read(y), T+>

Total=Total+y
Total = 950
HEfFRELIERE

® <read(x), T2>
@ x=x-250
®<write(x), T2>
® <read(y), T2>
@ y=y+250
<write(y), T2>>

FRF ]

o TotallZNIFEENERRHN T A —EXHIEFH (AR A — B FfiERk!!) o
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ANTHERD HH I
= N #Dirty ReadsBX Temporary Update ©

= REACHEHE —EEFDEH & HEARHESR (Commit)F
ERDEBRAI N 5—ERX BBRh{FE @ (HEXBNRS
APREGEE Bl (Abort/Rollback) * HIZZSB:ER| T —{f4
FE%EIITREE o
o il : EEEmEEE<Hly © HHx=100Hy=200 - IRGM{AR S TI1
FIT2 :

= (B T1: x = x+100 > {HEFIEPiERED
= (fE : r,(x), x = x+100, w,(x), Abort)

= T2: #2005y
= (8 : r,(x), 1, (y), x = x-200, y=y+200, w, (x), W, (y))
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DB in H.D.
X 200
y 200

o TRHRBIERINx{E (FARTERIx{E » PDirty data) °

BV BSAZ Gl EHER

T1 T2
® <read(x), T1>
©  x=x+100

® <write(x), T4+>

<Abort, T1>

@ <read(x), T2>
® <read(y), T2>

®  X=x-200
@  y=y+200

@ <write(y), T2>

ERERGHE B
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HEiE (Deadlock)

%S (Livelock)
&Y (Starvation)
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[ JE%s (Deadlock) ]

= EMfL) R 5ERETT @ BB SEREERE @ HIFE
EEMEGERE P : [BA “BHSHAGRRERZA
w” ) EERERENBER -

= Example

oRERFRPEMEER R, R, ' MBEZRGEEERBERSAT, H T,

R, \ Q : Transaction

@ : Resource
R, / — :Acquire

—> : Hold

oR,BERE# T, * R, BEE T, @ HEMBEXSAATEEP XN
HOECRHGIEE PSR © HILERRGEITS
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= RSt U 6f4F (ER—Am)

o Mutual exclusion (EJF)

= [—E iR FEREHERED LR 5IH - PIER##EER - HEXS
AulFILLE R

o Hold and wait (B ER)

» ERGENEREEDR ' EFEEHERSERHER -
o No preemption (FH[IBE)

= FuligBEHR S HNER -

o Circular waiting (TRIRI\ %)
» ERSHREFFHHLER » Bl : @5CIBERFE (Precedence Graph)JEZ kil
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[ W% (Livelock) EL i HE (Starvation) ]

BBt —BAHEENRRIAKEETT © 2R EX5%El
] DOEEETTHITRIL » B2 RS o
o Bl :

= BEXRGHEKREZIE - HEXERHXSREEHEIRNEE - HI
BCREIRRIZR B BIn] REHE A WSS (—EEABIER)

= YL (Starvation)
o BIEEIMATERRE » REXBIBEAERILEE iR RNER o

o BARERHIRS BT - BABEHNISEERRIEA @ &
R SR K R B R Victim(IBEE) © KiEMEBRT o
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[ mwm@zﬁm]
» E-BE i (wait-die):
o BRSTIER—EIE#HK TiHRENERE - RETIHREES LT D
(B0 : TIKTREAEREZE) @ TISA TS - {HIRSS » Ti
WA B ] o
« RPEANRSNER @ BRIEE AR S #%ED -
* [FEERS
o fill - fRE% T1 ~ T2 B T3 RIRFRIEEC 7 RIEs 5 ~ 10 1 15 o YIERT1

ZR—ET2PSENER @ THRESE o ART3ER—ETIR S
P ERIENR » T3 o

o PP H[IRE (No preemption) BB
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» 8-%751% (wound-wait scheme):

o REBF-NHENHR - ERSTIER—EIEH TS AIER @ AR
TR EEEC LTI RGN : TiLETiMEEA SR ERE) » TR
HAFER o AR - TIRMETIHERGIRERIR - TiRh b o
= RRIEANRZETRERIEARRZER @ MREEANRBHIR

Feo

= BB EERA
o PIuJ{@E (Preemption) B ELHE

= ity Bl sedlakinit - RAERHMNRRES
ERHRANRREGEEHERER - AIHGREECER
ARG E/DMI—# -
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= $H7E(Locking)
o BRERSUFIREEDEEE @ £ AR ER#HETE(Lock) » HBITFICEA FER
#H € (Unlock) ©
o BHERBHFNMHHENERIEAR » RFFEHGIRHEE -

850 (Timestamp)
o FHRBKHEABTRBERGTRREXE @ 67 —MRFFEEE @ DRSS R
RAIZZ 552 125 chE(Priority) ©
o HAXBAFNEERNEEE @ £ABHFILERNEENRFEZEE

% EhRA A 1T EEHI(Multi-version Concurrency Control)
o DIRSHIBER - X ERDEERESE - REBRIRA o LA TITE
gEBEESENRAPERD RS —BmEN
o BREBZER o
EEINP 1T HI(Optimistic Concurrency Control)
o (REFAEXRSEIEFHIEREIETT » R A AR SHIREERNEE 0 B3R
B5chi A RREBIBA -
o EHRSEROIFYHE(Serializable) 1145 5H » BIREREE/Z R BIERIE (Abort) ©
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[ H fE (Locking)

#HERPIH— A SR EPERIBEBESESHEE » Dbk
EEFHEHEHAN @ R EREREMFRETXA RETIEHE
Bt EPER | -

LT PRI SHE B E B -

o ZJu#HiE (Binary Locking)

o HEEHR#HE (Shared and Exclusive Locking)
o TAISEREE (Two Phase Locking)
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[ —JUSHE (Binary Locking) ]

O m,ﬁuﬁ .
o RERFMEFRDEHE @ Bhigx#HE - HBIFNE ' BFREx
FIsHRE °
= Pl ZousHER SRR 5 MBI EFIEH x 7k
FTEIARE

o #HE(Lock) : HEFHAHHGHE @ ZonltEFIRHxARERHE
R G EFR ©

o  fRERSEE (Unlock) : ZERNBERIRME » FT I RIEHxT]
PR ER S ©
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T1

12

<lock(x), T1>
<read(x), T+>

<unlock(x), T1>
x=x+100
<lock(x), T1>
<write(x}), T1>
<unlock(x), T4>

BV BSAZ Gl EHER

<lock(x), T2>«_
<read(x), T2>>
(RIEAILET)

ERERGHE B

Y

AsF ]

 HEF IR/ WERE
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[

= JCEHERTERES -

O

FREGREPERR BT FSIHL (Serializable) (.- Fii AR R SEHERZ o Rl
BREATENER —ERLLHT © )

BB (Deadlock)
B BEEEAETESS (Live Lock)5X fEME (Starvation )ARE
FITREAE
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[ HE H R #HE (Shared and Exclusive Locking) ]

= HRITHEBRNER - HIETREARE :

o HBEL  BAE2EXENRENHFINERIEH - (HERERBEEN
(Read) MIENERY » IREVEIFILERDERR £H#E ; REARSE
BA(Write)BER © A REARLERPER B IG T\ IHE

= HEHRHENESIciHE(Multi-Mode Locking) * i —
JusHE P Locksy BsILEHE (Share Lock)Bl B [l E
(Exclusive Lock)if# @ 8 —uHEGEME: o
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T1 12 Read Lock Write Lock

Read Lock e B

Write Lock HRx B
BVIBS AL GilEHE R BREZRGHIE BT
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= HELORHERMNHNRBRAEHBINERIEH x 7=
HIRRE

o FEFHE(Shared-Lock) : XHi:BHNEHE (Read-Lock) ° HEFIE
Hx#HEZHE - KopltERIBHx{n]#HEE R S EE o

o HIF#HE(Exclusive-Lock) : N1 ASHE(Write-Lock) ° & Fl
IHExtEH R i#HE » Rt EFIEHxA R HERSEINEE A
HAaasxxsA8n EihiERLLERDEH -

o  fRERSEE (Unlock) : ZERNBERIRME » FT I RIEHxT]
PR ER S ©
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[

S E IR B, -

O

O

FH#(Upgrade) : Unlock—Read Lock— Write Lock
Bl Unlock—Read Lock * Unlock— Write LockBYRead Lock— Write
LockI'JHAEE

&k (Downgrade) : Write Lock = Read Lock— Unlock

ElHiRead Lock—Unlock * Write Lock = Unlock®; Write Lock —
Read LockJHARE o

HEH R HENRE |

O

O

O

A EECRREBER B M-I (Serializable) (.- A AR fREEHERZ IRl
BXSATENER —ER1LHT © )

o] BEEAEYESS (Deadlock)
N BEEE R IE LS (Live Lock)BXAKFE (Starvation){ARE
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[

#?Eﬁﬁﬁi’ﬁiﬁﬁl]

= EEEMERRTUAT? - HRERTIRBIERZER

Tl

read_lock (Y);
read_item (Y);
unlock (Y);
write_lock (X);
read_item (X);
X:=X+Y;
write_item (X);
unlock (X);

BV BSAZ Gl EHER

T2 RiR

read_lock (X); #1{H : X=20; Y=30
read_item (X);

unlock (X); TR PHRETIRT2 SR -
Write_lock (Y); X=50, Y=80
read_item (Y);

Y:=X+Y; ERFPERET2ETI IR
write_item (Y); X=70, Y=50
unlock (Y);

ERERGHE B 26
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T<| T2
read_lock(Y);
read_item(Y);
unlock(Y);
read_lock(X);
read_item(X);
e unlock(X); HERZ S BURER -
7 write_lock(Y); X=50, Y=50
read_item(Y); (T EREFEY)
Y:=X+Y:
Y write_item(Y);
unlock(Y);
write_lock(X);
read_item(X);
X=X+Y.
write_item(X);
unlock(X);

(@) MERZT, AT, ; (b) T,MT.NBEZIFRER ;
(c) FRBEMGNIEEBFBES
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[ FiBE BtiH € (Two Phase Locking; 2PL) ]

» 2PLIREF— AR SNHENEEMEETHR) - BAEH
HRRHEEERB)EEZE

= Ut - 2PL57 AR {BRS B -

o IREREE(Expanding) :

= N HERIRIE B (Growing) » HRIEREER ST I A R SHE B FHRBNE -
{HA REETRERTE MISHE ©

o Y¥akE B (Shrinking) :

= N B (Releasing) * Wilhs B reaT IR IR 7SN e SRR B -
{HAREHERFHRISHENA ©
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PRI BE B

™

T2

<read_lock(x), T¢>
~ <read(x), T4+>

<write_lock(y), T+>

Wtiahes B

<unlock(x), T1>
<write(y), T4, 5, 10>
<unlock(y), T1>
<commit, T¢>

at - LLBERRARTE 2PL -
BMVBIS A2 EillEBE R

<write_lock(x), T2>
<write(x), Tz, 3, 20>

<unlock(x), T>> By 18l
<commit, T>>

Y
PR SRE BN TEPR A MR IRIRTE 2 Al °

ERERGHE B
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[

= 2PLAYTE5A :
o M (basic) 2PL : XEFZMHESFIAB
= NgEE R
o fRSFI (conservative)2PL : TER B #ITHI @ SLSHEM AR ENER

IHH - HREMEFIEREHEE - HIEaRAF#H - HBIN S EHE
FiEEFIEE BRI S °

= FAREHE

= PREREEGE - Wikl BHR

o R (strict)2PL : XBBEH @ FEBRIMEE - HRIX A&

I (CommitBXRollback)Ff * H—{XFEXFiA#HE °

= u[REEHYEE

= MREREERER © Wikaks BoE

BV BSAZ Gl EHER ERERGHE B
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[

2PLII{EES -

o EFPLESRMPUTRENYHE » (RIS R FIHLPHE
2PLIYJEREY :

o TIREESETERS (Deadlock)

O

O

B BEEEAETESS (Live Lock)5X fEME (Starvation )ARE
2PLu]gER ISR ESHEBRA @ #EHER 5 EEIRFET

BV BSAZ Gl EHER ERERGHE B
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[ R EECHER 12 (Timestamp Ordering)

IR Eks R IR IR 3 S s B FL R AR R 6 bR
) - FRPAnlhiS R REGE B FE R RN o
o el » IR B THIRHABEEER TR TS(T) °
o DIRRBE SRR ITIENR A REHEEFIRR ' i 4&
RIS ©
E
o HENEZGEEST RS —EERTHE—SRBIES(Identifier)
DR Sz mieg o
o EHEFFREIEHSKIBRRBEARRNIRFPER - ] LIS Bh
R S FIRRYECR ©
o & —RFIHETEES (Counter) BRI EHR S BB
B ARBIR§E (Clock) HEG S ©
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[ ]

= IFRAEGCAE T PEHlBe 0l - sHEte—EERIRE e EH2Im
A EE R
o Read-TS(x) -
= EFUER=REINRRER - RrhEERIENREFIEHTIR BT

IREEEGCRAN
= Bl : Read-TS(x) = TS(T,) * HIRNERR ST, RFiERINEIREFIEH
xRS » RIS ©
o Write-TS(x) -
= BRHEExMRARHEERS ' RrhBERINBAERIEE<HIR S ¢

IREIRECRAL ©
= Pl : Write-TS(x) = TS(T)) * HIRERR R T EFMBERINBAERIA
xR 5 @ BEFERIRS °

BV BSAZ Gl EHER ERERGHE B
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[ A RB T PE i ]

» — ARG TAeHENITreadB B writelFf @ WEIELE—HFF
RIBECETS(T) ©

= RETHIT—{llwrite xB){E :
o #HRead-TS(x) > TS(T) 8% Write-TS(x) > TS(T) * HlwritelR{EF i
5F ’ WIS THNHIEIE (Abort/Rollback) ©

= B ERARE EHURBTIREARGHNHERS - XA TIET
RAERIAH x WEFR » B x fi@ENBSAIEGEATRBTHE
A IFiERERA—BHR -
o HHE LR » HIRITR A TR writelR{F » IbERE write-TS(x) =
TS(T)
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= RETHIT—{lread xEH{E :
o % Write-TS(x) > TS(T) * HlreadiR{EF ST * ISR 5 THHIE
{15 (Abort/Rollback) ©

= B BRABAEHURSTIHEARGHHERS ' ARAT
ETTRINERIEE x BRI - B x iBRKA!

o  #HWrite-TS(x) < TS(T) ’ HIBAITR B THreadtR{E & 5% Eread-
TS(x) = Max[TS(T), B2 read-TS(x)]
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DR RIEECHER (208 i X BB il ]

= Pl {REREAE—EEGRx 0 Hrix = 500
() T1: x =x+100 = (fE : r/(x), x =x+100, w,(x)) * HTS(T1) =3
(B) T2: x = x+250 = (8fE : r,(x), x = x+250, wy(x)) * HTS(T2) =8
SHHIRSR x » AW AR R &t read-TS(x) B write-TS(x) :

BRIERFRIES | #00R
read-TS(x) ZHTIH
write-TS(x) H%FEE%G)*&WE
DB in H.D. T2
X 560 ©®  <read(x), T2> t=35|
@ x=x+250
(ETFRECISHEE)
(Abdrt/Rollback) | @ <write(x), T>> y
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[

= IFRIEGCAE T T PEHIEES -
o PRAEPER B BRI FFS{E(Serializable)
o BERFEERS(Dead lock)¥4E
o fEfwait-dieBXwound-wait)7 0] i ERS (Live lock) BXAEYE
(Starvation)3¥4E o
= IRFRIEEC IR 1T PEHIERES
o AJgEEAESEERIE] (Cascading Rollback) * FFEEBUITE ©

BV BSAZ Gl EHER ERERGHE B
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[ SEERNP 174 dl(Optimistic Concurrency Control) ]

= JERiETERBRE T TR N - REFEEFRIT Z iRl
A —ERERNEE © Hill
o HEBMRREXHEEFIEH x HRRISHERRE
o INMBEIFE 2 ABREXR AR REE o
« {HE @ BSHNHREYREERRBIRITERE -
= KBTI SIS :
o REFMERBEPIEM HIERIMIETT @ BRtAERBRITIBEPARE
{EERIRREEE
o REATH @ EMHEFIREHIIEEERIE (B : WritelRfF) 2IFE#
HENHEETIER - MREAZEFIREINIEEMRZS (Copy)EITIEM
FHRBERRBZREEREFRRIFEANSFIHLRE
o HERFSIFIHLIE IR - BitRIASEEIEHED ; 2 ' HIR5
i ftIEl (Abort)
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[

= SENE YRR 3RS B -
o FRHR (Read) : XHUILITEE R EPRIEFIAEH @ SERREEEFIEH

€A - mEE G FHEHNERER 2SIt EFIRERES

o &2 (Validation) : BITHE & DEARBEXBIERBENRIFZRER
u[FFHHL o

o RA (Write) : JIRGERIERAXT)) » XBMTEHEFGHRRSAERE ; GHI
MAVHEERIE - B HikEm -

= S TEERE BN BERPBEA—HNR - tlRAXSN
PITHE o

o B TTYERITEREER R — XIS FENES @ LSRR ES E R
B2 MRS ZARTFREL—BIRN - BEREGRIR SRS
bR ©

o R - BEEASHIRBENRA—BHER ' GENETSATRNIRREA
RREE E M R it i) o

BV BSAZ Gl EHER ERERGHE B
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[

= KB TTERIRER

O

O

O

O

R PR B Bu] YL

Bttt

$5 5 Wait-dieBX Wound-wait )3 {5 0] i S 1G5 ek iYL 38 4
A—EIRREVEER - v[IIRZRIITHE

= FREE:

O

AR EBEA—HRAN - FB TR EEE RSN RIMEXE
BRIAE -

BV BSAZ Gl EHER ERERGHE B
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Control)

[ % & hRAS AP {THEHI(Multi-version Concurrency

DIEBRRE - E5hERIREBHE N REERIRZAS -
FRAEEZ R SEIT BT » @B EEE SERRAS DL
KA —BRIRN -

B3 :

o  {RELHFEE R FL

o MRERE

o A Wait-dieBX Wound-wait)7 0] il GRS ESR 4L

o NMPGRANE R AERE

HRES :

o A]REEY HEH bl (Cascading Rollback) * FFEEBITHE

o WmERZRERE - DS HEERIEENZ ER2A
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[lﬁﬁ@ﬂ&mmwm

Serializable | Dead Lock Live Lock Starvation
—IuHiE +—E n]gERE Y ] HEEE 4 ] HEEE 4
K HRHEE +—rE o] gERE4E o] gERE4E o] gERE4E
HiPE Bt iH E = o] gERE4E o] gERE4E o] gERE4E
& Wait-die ~ & Wait-die ~
1S R & o] i & Wound-waitHa]i# | Wound-waitHln] g
it it
& Wait-die ~ L& Wait-die ~
%EBhRA e G130 Wound-waitH|o]i# | Wound-waitHln]ig
it it
& Wait-die & Wait-die
S TR = L3 Wound-waitHla[il# | Wound-waitEla]iB
® ®

BV BSAZ Gl EHER

ERERGHE B
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[. 87 (Recovery)
O E% -

O

BEEREERERG R ERM (failure)i® » EFTIEI—EHEM
WIIERERERI T o

= KEER

O

O

FES RIS
S g

BV BSAZ Gl EHER ERERGHE B
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[

ISR IR -

o —IREHRERTHERERASIESE @ HAAMEFEEPHE D
SO HIARE o nIRERITRHEA T -
RO Z Bisnak (transaction or system error) : fE3X B PUTIRF ISR {518
fERI BB RIS - Bl : &R ~ BRLAF B EREMEITPEIRS ©
RS R ABIHISR I (exception condition) : FEI\ IR —LEEFISANR -
N[REE R B A BT - DI - A BIFRTRANME ©
i B T3P 1TEH(concurrency control enforcement) : 3 552 R FF1%

(Serializability)BX 4 FELS (Deadlock)F » RE ] BEE T H)E R BNl
(Abort/Rollback) °

EBIERB(Computer failure) : BRI AB R RGN » &
REENIPEIEE SR - DER LR AERNES ©

o BRA :
FIHZ S Hit (System Journal, System Log)fR B {85 ©
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[

= BRI
o —RSHERE _FRYEE - N A IEREEIE(Media failure) ~ BRREEHE
(Hard crash) ° B]BEIEHUITF :

= HERRRBU(Disk failure) : RBHIBBIHIRINIEER - SRISRES - Bk
SHnRaR S roann * ERNBEREEFHIIEX ©

« BREMIRRE KX HE(Physical Problems and Catastrophes) : 3& 53H0] gE
BiEFE SRR « KK ~ KK... FREHNEEERY

o BELN
= PR - Wik - YeR:FEHEH T ER B EREE

BV BSAZ Gl EHER ERERGHE B
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| smmarsis ]

= FHEIESBITHIE

o REIEFR @ IRFESEEFIREENRIFR ARG HE(System
Journal)ip » PAFULRG HEEHEFA A A MR IREE ©

o HIRIESRM ISR AR F I E5% B AR iRk L FR 6 Hats & FHEE
H I RREHE R H PR SRiETT IR EERIY -
= BRI

o FRGHHEIFR - FlEHHREFEN A (Backup ~ Dump)®
HEMBTEFRE © Wit R H EE R ERER A R HRE

o BERRMITSIER o et EFEEEFES - BRI
46 Hat 1T EIM(Redo) » DIER IEHSTRIIE R ENS o
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LEZLiET ]

» REEMHT (Deferred Update)
o ¥EFINo-Undo/RedoiEE &
= VIS8 (Immediate Update)
o ¥EfUndo/Redoi@EE %
o ¥EHUndo/No-RedolEH %
= B2% (Shadowing/Shadow Paging)
o ¥EFINo-Undo/No-RedoiEE i
= Undo/Redo[H]} :

o Undo : X5 Commitlhy » RIS HR a1 EFHEE 5 ABIH.D.HPiY
BRI - R ARGRBEREIRE - AiSitak it EF S E EEIEmE

© Redo : X5 E Commit{HiAITEFEE K AZH.D.PHER R » SR8
KA RE - AZARIES S RS2 EEFEE - DIEfrEEnlii ABIEH
Bt ©
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[ REERE ST (Deferred Update) ]

= Bl - WEEMEIES ASRERE 0 ERIRRSKIN
Fohkilk H BiEnER2 55 (Commit Point) 51k ©

o B— RS MARRITRIREE T (Commit Point):ZHi * HFEHEF
SRR BRF » BidisfeEaciBiEn T {FIEE(Block)skE
A HH&5(System Journa)H » A EHIEERBIEFEHNZ

o BRAHBIEERTIN @ AR EABHE FNREGH
b * IEPREEBERR 5N @ HIESEEFENAS ©
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[ SEEEHF » FREREL 255 R

» RERCommitHi :

TPEESR| TR | 2z
(in M.M.) ' (inH.D.) '

» BECommit ’ {HiHFRB]E Checkpoint :

TYEESE Commithf | Z&py=k Hit ik

(in M.M.) (in H.D.)

= BECommit * HE3&Checkpoint :
TIEEB Commith¥ ZEHE Checkpointﬂ%‘

(in M.M.) (in H.D.)

BV BSAZ Gl EHER ERERGHE B
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[ ]

= RBARCommitHj : BERETIE
T eI LIPS 2 3% No-Undo
(in M.M.) | (inHD,) | GHR)  (EARH)

» BECommit ’ {HiHFRB]E Checkpoint :

THeESR Commit |RGHEE Hem | %ﬂﬁ Redo

(in M.M.) (in H.D.) : (in H.D.) :

= BCommit * HE®i#Checkpoint :
Iﬂ;lziﬁ CommithF : %ﬁ El‘;;ﬂCheckpointHd %ﬂﬁ ﬂ]‘]‘?gﬁﬁ@

(in M.M.) (in H.D.) (in H.D.)
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HRHARBEHEE NI 5 BB iR Fal A~ 2R E
BIEFENAA © Bt ER B Z i EmeR  Hi
bt Z A R Undotd TIF @ il @RI 52 RINENF o
Bl SN R B AR sk * RUEETTRedol) LIE » LI
solt X S EIEEE N ERNAZ

o  Redo LfF¥ARFR (Idempotent)if) & Bl : #amSX BERIEHATT
X HEREFRRARIT X

HR MEEE fh A & R s RIS MRS © A RiElT
Undo 1 fE * 3B EITRedo LIE * R EMEE: Sl X H s
No-Undo/RedoiE&E i ©
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[ BIFEEE AN ERER ]

s BV fEFY (Active ) BARMESE (Uncommitted ) I UndoER % -
DB ik — s E R R E M2 (Committed)FJRedoff
5 o

o R BBEE © IR SEER Undo S ;
o R B Commith¥ ’ iFILRX B EH Undo3 5B BIRedo i ;
o BliF¥ECheck Pointli} ’ {HZERedofi %l ©

» ZRBANHE  UndolR3Z BIRIENS th RS HUE -
At HBUndo LfE °

" RHRHERER » fERedo BYIANE EHEERRIZE HIER(E » AF
EHiEAIT (Redo) ULERHIHIHYE A (Write)EN{F o
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[

= HEfl : SR AR5 UEEE :

(4] (5] (6] (7]

(1] (2]
|
|

BV BSAZ Gl EHER

v

Check Point

ERERGHE B

System Failure
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000000000

= Ans: .
- B5f) | UndoH3%] | RedoHi5l
o E3/Undo/RedoB%) : 1 T,
o ZBARHMEI (K 9) : T,T,
3 T, T,,T
= Undof% : {T;, T} 2 11_ 2T 3 -
27 "3 1
= Redoi%l : {T,, T,} 5 T,,T, (5528)
6 T,, 15,1,
7 Ty, 13,14, Ts
8 T3, Ty, Ts T,
o Ik @ BEiKMIE : 9 T3 Ts T,, T,

= RedofRFIWPIIT,, T, RABZBARIE & ISR EFHIBIT (Redo)
= UndoERHIHIIT;, T, RBBRIFHEN » FRMITEMEF(No-Undo)
» fEEEZBITAE Committedi) T, 325 * FRTIEMENE
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[ W KB FITHT R TS ]

= HEHHREANENERAR © 7 RBRR o
o "."RedoEhfFRIF °
o EEIET—EARERIEE - BIIAER 1B Rl sEE 1
RBAEFEH » GIEERITRedoENF ©

o B Committed{HFjFREE CheckpointH Bl » HNJgEE R AEF H
o
o A& Checkpointd A By R ILL—RIE o

n " —HZEYCheck point * FKipllpointZ BiE Committed I ERICIEE
BAEHRED ' )4 HRedo °
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[ 3 ENEEE (Immediate Update)

D a AR iermligieim - TREERSHE T —HE
FIEFI(Write)an I » AAEER: LR HESsX & ]
D PItgessBE i » AREFHXBBEHHEEEE

Bt - RBEERBIERRFBIRM » FETTUndoIEF -
DBIRBIXHIRIRE ©
M PR IR 5 i 72 A PR AR Y » 1537 B SR 2 ) e
BERRRE -
o Undo/Redo{iFi% : XBMFAEFIAESEZIERIE » TEHEERZ
IR ABAABEFERERGREHE)T

o Undo/No-RedoiERE | XENFEEFIBEMENERIF » 7EREs2
= Z HI & il R A B SR o
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[ STRIERE T » A IR 2 5 5 (Undo/Redo) ]

. B ARCommitHj :

TIEESE BARER | REH

(in M.M.)

(in H.D.)

» BECommit ’ {HiHFRB]E Checkpoint :

LIRS CommitR | G HE

(in M.M.)

= BECommit * HE3&Checkpoint :

(in H.D.)

TEERYE

R HGE

(in M.M.)

BV BSAZ Gl EHER

(in H.D.)

HEH | ZpR) R |
-(mHDJE

HEH | ZpR)E |
-(mHDJE
Checkpointﬂ%‘ & ¥
| (inHD.)

ERERGHE B
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[

. B ARCommitHj :
T Ve BARER

(in M.M.)

» BECommit ’ {HiHFRB]E Checkpoint :

TIEEB Commith¥

(in M.M.)

FIRH  Heh ;éﬂﬁ

(in H.D.) . (m H.D.) l

= BECommit * HE3&Checkpoint :

TEERBE

(in M.M.)

BV BSAZ Gl EHER

————————

FHHaE_H=w ;ﬁﬂﬁ-ﬁ

(in H.D.) . (m H.D.) l

————————

: 2 Elﬁrlf:lCheckpointH? & ¥

(in H.D.) (in H.D.)

ERERGHE B

Redo

AR
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= HRMARBIEHEZ TN 5 B ERF - ArlRiaREs
EFENAS - Bt EX AR Z e EinmR & Rk

RO REMUndo) T1E °

= BIEMRBNIRRERENRR * mEITRedol) TIE @ LI
st R BRIENEEFERAS °
o  RedoTfF¥ARF R (Idempotent)t) » Bl : $Esw3X BERIEBEAIT
X - HERESRNRABIT X °
= HREER BB H R R ISR ISR - RIET
Undo¥idRedo I {E * FIILIEHEE: $if 1 # 55 Undo/RedolH
"o
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(Undo/No-Redo)
» R HARCommitH) :

[ MPIEFT P A REEFZ R 5

TR ZHiHEb | B
(in M.M.) (in H.D.) (in H.D.)

» BECommit ’ {HiHFRB]E Checkpoint :

TR ZHiHEb EE
(in M.M.) (in H.D.) (in H.D.)

= BECommit * HE3&Checkpoint :

TEERYE R HGE | EFH

(in M.M.) (in H.D.) (in H.D.)
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[

. B ARCommitHj :

THEEN i HsH R
(in M.M.) (in HD.) (in H.D.)
» BECommit ’ {HiHFRB]E Checkpoint :
THEEN i HsH R
(in M.M.) (in H.D.) (in H.D.)
= BECommit * HE3&Checkpoint :
THEE i H s R
(in M.M.) (in HLD.) (in LD.)
BV B AAE SilEHER BFRHRGHE BELD)

BREI1IF

Undo

No-Redo
(fEARREE)

AR

I
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= HRMEARBEHEE TN R BMERF - GREBEFE

RS - ALERS TR B ZEEdin:n @ IR 5 s
B Undo) TIE

» BlEHRERIIR R AR Einet © A RIEETTRedol TIF °
(" AXBHEFERFEENBENERNAZ © )

= HREBN ENEHAE RS R IES MG - FRiETT
Undo T {E ' (HEFEEEITRedo L{E @ HILIETER: T X
88 E5Undo/No-RedoiEE i o
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[ ST N R ]

= BV fEFYRERIESE I UndofBS » DIV IR iR — iR eY
i BEHE2 I Redofi T
o RRXEMIEE @ IR HECHERR Undoki S ;
o RERHCommitl ’ It ZEH UndotB HIB BIRedoEi ] ;
o BliE¥ECheck Pointli} ’ {HZERedof %l ©

» R » UndolBHHRI AR 5B ER 1 R ETTL
ftEBUndo L fE °

= RS eanAt

o fERedo BHINHHCHERHIR SR IE » BT (Redo)ILEBHIHT)
H A (Write)BIfE © (Undo/RedoiEH %)

o RedofBHh )2 SR ERG th @SHUE » it ESBRedo L{E ©
(Undo/No-RedoiE &)
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[

gafl - St hE3 5 P (Undo/Redof@EHIE)

O © © (4] (5] (6] (7] (8] ©
|
|

v

Check Point System Failure

BV BSAZ Gl EHER ERERGHE B
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o e (3] (4] (5] (6] (7] (2] o

\\\\\\\\\
T T T T

===1 R ]
. AnS: b Check;Point System;Failure
N K& | UndoHE%) RedoE %l
o ##3/Undo/Redof% : 1 T,
o FHRBIE (FFRE 9) 2 Ty T2
3 T, T,,T
= Undof% : {T;, T} 2 11_ ZT 3 -
27 "3 1
= Redoi%l : {T,, T,} 5 T,,T, (5528)
6 T,, 15,1,
7 Ty, 13,14, Ts
8 T3, Ty, Ts T,
o HIk » BB KR : 9 Ty Ts T, T,

= RedofBFIHPIIT,, T, RABZBARIE & IS HEFHIBIT(Redo)
= UndoEHHIHIT;, T, RAZBARIE » iR H#ATTUndo L{F(Undo)
» fEEEZBITAE Committedi) T, 325 * FRTIEMENE

BV BSAZ Gl EHER ERERGHE B
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[ 7 BB ]

= FIRRIFEBARAKRA R © 72 HRERRH o
o "'H.D.2HEB\ESF
= ERIET S BERNBE

o PN : KEkfnrsERmlgEC B AR EY @ SlHESMAEE
Committed 13X S EHEEITRedoBN{E © (for Undo/RedoiEE %)

= HARHEZE NI S P& AT Undo LIE » INFIE °
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| xastnp

= B—FHEHRECBRRER R T » 5550 BILGEEE

]

BV P N pE R IR - WaTamPhREE S M? e -

HLEHTF)
®

S

®© 60 &

BV BSAZ Gl EHER

<starts, T1> @
<read(x), T1>
<write(x), T1, 11, 5>

<starts, T2>
<read(y), T2>
<write(y), 12, 1, 10> ©)

<commit, T2>
<starts, T3>
<checkpoint>
<starts, T4>
<read(w), T3>
<read(z), T1>
<write(w), T3, 7, 3>

<read(x), T4>

ERERGHE B

<starts, T5>
<commit, T1>
<write(x), T4, 5, 20>

<read(y), T5>
<write(y), T35, 10, 8>

<commit, T4>
<read(v), T3>
<write(v), 13, 1, 11>

<system crash>
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[ ]

= Ans:
N i | UndoiE%l | RedoEB%l|
o ¥EM Undo/RedoH% : 1 T,
o BIRSBE 2 LEULF
3 T T
u Undo$zﬂl : {T33 TS} 4 T 1T T2
17 "3 2
= Redoii%l : {T,, T,} 5 T, T, (VHZE)
o $EfMUndo * FiflRedo 6 | Tl
e, 7 T, 15,1y, T5
= Redo : HBIEERM 8 T.,T,,T T
3714y 15 1
= Undo : Hﬁﬁﬂiﬁﬁﬂﬂ 9 T3,T5 T17T4
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[

o FRRMEESE bl -
= UndoRFIMPRIFAR 5 B0 -
= RedofRFIPHTUATAR BB ARIEEAAITIER AZEF HE ° B
BT : <write(x), T1, 11, 5>Bl<write(x), T4, 5, 20>
o ERAIPISEHIiBE Il (Undo/RedoiEHE)

= UndofRRIPHI TR TS X 52 B ARIEBITUndoB){E - BIEAIT :
<write(v), T3, 11, 1> ~ <write(y), T5, 8, 10> <write(w), T3, 3, 7>

= RedofBIMPHITIE T4 5B ARIFEHBITIER AZEFHE - B
BT © <write(x), T1, 11, 5>Bl<write(x), T4, 5, 20>

BV BSAZ Gl EHER ERERGHE B
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[ B¢iY (Shadowing /B2 7 B Shadow Paging) ]

= Shadowing/2 i & FH SR H— LB EN /DR B (3%
ERRESE) FriHRk o B - AnffiERs5 REEEH ©

= mANEREAAEBEET 2 EZR(Page Table * XHHEE
(Directory)) * HIPSSifiIRE S iEMEEENSiETFAEEHN
Ries 2 B °
o BERBMAKBITIE @ EXELMEFRRENPage Table :

= Shadow Page Table (¥ef%0 H&R) : HEMEMZ HRINRIBHERT HLZ
&l knBRAaHEX -

= Current Page Table (ElHiZ'RZR) : FHLAEMZZ 51T IR E Bk
R BEZEF °

o BRRBIMETIR » HHMBEREPHR BB ZERE © &R
BENEABNMFREHNBRS E - A BSEHERD BNEF °
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= BB :

o —PBAliFCurrent Page TableflIShadow Page Tableig—#&lY ©

Current Disk Pages Shadow
Page Table (Database) Page Table
— Page 5 (data 2) | _—o
Page 1 (data 9) P
Page 4 (data 5) .
| Page 2 (data 8)
Page 3 (data 4) >
\ Page 2 (data 6)
fE%i - HPage 2flIPage 4 Page 4 (data 3)
PITRAEME - BIERZS :
Blst ik data 6flldata 3 ©
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[ RS CommitEdRecovery I {F ]

. RS CommittedlFF :

o ZRRENE a. HENBNERIES R © DK b. BRERERS B
fEiYShadow Page Table °©

= RERM - FRERE :
o 1RIFIN » RBUKNEE a. SIVEERZ H » LK b. Current Page
Table * ¥R Shadow Page Table ©
= H_EnlH - R e S R R T E S I

A =TT UndoblRedo T {E * UL IETEE: it X #¢Fi EsNo-
Undo/No-Redoi@EE % ©
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[ ]

= Shadowing/Shadow PagingfF1%¥ :

o AE—EHBNIRIE T - AREMEHBIFREHEE (System Log)Bin]
BB - H2{HA FEFAT Page Tablefin] o

o B RRT ' HIRERHBIRK HESEETTER o
= Shadowing/Shadow Paging{&%} :
o UndoBIEIEREZSS * BBfEShadow Page TablepJin] o

o A ETTRedoENE * BR{ECurrent Page TableBin] ©
o EE—BHEANMIRIR T - FREMEHBIREHGEIN B8R o
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[ ]

= Shadowing/Shadow PagingfiRE} :

o B HKR(Page Table) XA ’ fECommitiRRFERR SRR AR
RR-°
= "."Shadow Page Tablefi/jRH.D. * [fiiCurrent Page Tablefi/jAM.M. o &

Commith¥ » B M. M. I Current Page Table[fJ & Fl B 3IHI
H.D.}1j¥JShadow Page Table ©

o Wil Hidis I (Logically) 5 » {HiF B il B © Sk
itkBr 3 HERR L (Physically) i3 EUR PR 55E @ FRTFHUSE ©

= CRERTFIRTRERH o
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BV IS AE Bl 2R

fill 7T

BERERGSE BELA)
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[ B Wil B SR i i€ (Two-Phase Commit Protocol) ]

" EFE

o (FHNFENNEREBERGIEER & B2l FENE R ] DE2
TR B CommitEdRollback ©

o Rl PREESEEM I EREME (Resource Manager)
miE - MEBEEREESSESEHEHAERFENER @ LG
B MEREIC IR 6 Hit (System Log) ©

o WA BERGES i8R HAE (Coordinator) » FLIEBEEE
ERGRFHEEES (RBH2HA) °

= BTER
o RREERREBELTEIREER - SVESIESE o
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Bl ]

O fsABAIEE “HEHENEER (Prepare to commit)” B E %6
HZH & (Participant/Cohost) ©

@ RHEFVIMAZHEZNBIEREZIMEER - IKBCEFh
BHERRERE IR (Local Resources)sHblE A MR 7 A 4l
FRE ENRGH

O BRESMNBARGH?E - MEHE—E “OK MiS
RS ; RZEBAKY - QB “Not OK'#1R
HE -
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[ﬁﬂ%&

@ EhABWNBEIRE2EE “OK” 2 @ i —H
“Commit” ;N2 MMEZ2HA ) RZ @' &IPRBIEN—{HiZ
HENENE “Not OK” » HlixXH “Rollback” $8FhEZ
H# - mEEC & REHIEREE{E(Commit/Rollback) ©

© ZHBHWH “Commit” ;L2 @ AT CommitARKIH
sotp 0 ILEIFSEHEFERNAZ c BR8] “Rollback”
Higt S HENRGE HERBNIE (Recovery)HIHIF ©

BV BSAZ Gl EHER ERERGHE B
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RRGHG

BV BSAZ Gl EHER

Commit/Rollback

ERERGHE B
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[ ]

= KHIREH :
o —ikMS * ZRHEINERBEBREEERY » ReofhBZ2HBARARTER
Wiz B A Hsb ' BERERXZRollback ° HRN{TEIREREH @ &
TR BERINAITEF S A H * 0 {8IR (Recovery) IFhis2
(Commit) 385} ©
o REinaE et S EREBRIENEEREER S AN R Hib
P o BZR G (mAE) K BIREHRE) - W[EFEASENHREAS :
= BRSBTS DBOIRRS - ST o (3 - NBIFEZ2 &
OK/Not OK - {HRA B35 hsi 2 BN B il )
= BERARGABHIHGEAS © HHBEEBRollback © (M : KURBIFFEZ
BdE ) OK/Not OKEN i)
= — R AR R Fh b ol o
o HEENIREREER ©
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