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ARroa—)b: BB > TRAT—RAVRES

T BRFEEOE A

AR TS,

READ A;
A=A +1000;
WRITE A;

T1: 1000 % #RY AL

T2: 1000 %5I1=HT

A
4000
T1: READ A
T1: A= A+1000
T1: WRITE A 5000
T2: READ A
T2: A= A-1000
T2: WRITE A 4000

IEZIZETT S
A5Ta—)L

AV ar Ry A=
READ A:
A = A - 1000:
WRITE A:
el
A
4000
T1: READ A
T1: A == A+1000
T2: READ A
T2: A = A-1000
T1: WRITE A 5000
T2: WRITE A 3000
EMLGHER !
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T1: ADSBA
2000MEE

READ A;
IF A >=2000

A = A - 2000;
WRITE A;

READ B;
B =B + 2000;
WRITE B;

T2: BMABAAN
5000ME&

READ A;
A = A + 5000;
WRITE A;

READ B;
IF B >= 5000

B := B - 5000;
WRITE B;

T1, T2 #FE1T7TH1BFETA & B DEATILT H45F

T1
T1
T2
T2

A
4000
2000

7000

B
4000

6000

1000

T2
T1
T1
T2

A B
4000 4000
9000
7000
6000
1000

A B
4000 4000
T2 9000
T1 7000
T2 abort
abort: E{TAEETrZ VY
aAvEHBIE HIRE

T2 EEE=TICETHEHY



SO a2 DR F 4 (Atomicity) D REE
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BINR 71— )LTRENS YL a %
RFDEIGHRELTRITI B,

RFMEERILET DL,

BhooHF o %

5|

HEEHNRTo2—)LD)
$ER LT AEERIIT AL,

T2
T1
T2

T218 )7

T1

A B
4000 4000
9000
7000

abort
7000-5000
=2000

6000

SRITT HES . XRFERD.

A B
4000 4000
T1 2000
T1 6000

BH|Rroa—)L
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T1: 1000MZ#IRYAL
koo a3y

READ A;
A=A +1000;
WRITE A;

T2: 1000M%5|EHT
koo a3y

READ A;
A = A -1000;
WRITE A;

A DIEAEILT HFFZETRE

A
4000
T2: READ A
T2: A= A-1000
T1: READ A
T1: A= A+1000
T2: WRITE A

T1: WRITE A

4000
T2: READ A
T2: A= A-1000
T1: READ A
T1: A= A+1000
T1: WRITE A
T2: WRITE A




T1: ADSBA
2000 ZEE

READ A;
IF A >=2000

A = A - 2000;

WRITE A;

READ B;
B := B + 2000;
WRITE B;

T2: BMABAAN
5000 % &

READ A:;
A = A + 5000;
WRITE A;

READ B;
IF B >= 5000

B .= B - 5000;

WRITE B;

[i5] e

A, B DIEANEILT DEkFZrtE

A B
4000 4000

T1: READ A;

T1: IF A >= 2000

T1:  A:=A-2000;
T2: READ A;

T2: A=A + 5000;
T2: WRITE A;

T1: WRITE A;

T1: READ B;

T1: B := B + 2000;
READ B;

T2: IF B >= 5000

T2: B :=B - 5000;
T2: WRITE B;

T1: WRITE B;
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TATLAICKT HAvP% LOCK A &ECab

e FSUHHIAL TIEZTATLAL AIC
READ/WRITEY 4HIIZ LOCK A #

QY72 —Tr—I2ER NS o asT
+ AYIRR—VX—[ET7AT LA
[CEYIRDMSTULVEWNMERICT LOCKA _

Y LOCK AT B %55 ] zx A

e ADSAVHEINTULAREIZMD RS UNLOCK A
LHHLAVIFAIZT B R TERL " \

+ TIFAISH T HNBEL T L1=5, Oy H—Sr—
Oy H+—Pv—IZ UNLOCK A # S A= LA
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e T@ETEEORE A
T1: 1000 % #RY AL T2: 1000M%5|=H9
koSO 3y cSUHoL 3y
LOCK A: LOCK A:
READ A: READ A:
A = A + 1000: A = A - 1000:
WRITE A: WRITE A:
UNLOCK A: UNLOCK A:
A A
4000 4000 4000
T1: LOCK A T2: LOCK A T1: LOCK A
T1: READ A T2: READ A T1: READ A
T1: WRITE A 5000 T2: WRITE A 3000 oL ook
T1: UNLOCK A T2: UNLOCK A ~TF2-READ-A—
T2: LOCK A T1: LOCK A
T2: READ A T1: READ A
T2: WRITE A 4000 T1: WRITE A 4000
T2: UNLOCK A T1: UNLOCK A
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T1: 1000 Z#RY AT T2: 1000 %5|E=HT
AV s Ry A= AV s Ry A=
LOCK A: LOCK A:
READ A: READ A:
A=A+ 1000:; A=A -1000:;
WRITE A: WRITE A:
UNLOCK A: UNLOCK A:

LOCK DFARICEYT DR a—ILA
SHHITHERNEIEHEINSGZEETE

A
4000
T2: READ A
T2: A= A-1000
T1: READ A
T1: A= A+1000
T2: WRITE A

T1: WRITE A
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—DDT AT LIZE Z—EZIFLOCKZEMNT5S

T T

LOCK A; LOCK A;

A = A+1: A = A+1;
UNLOCK A; LOCK B;
LOCK B; B = B+A;
LOCK A: UNLOCK A;
B = B+A: UNLOCK B;
UNLOCK A;

UNLOCK B;



Livelock

NS oL3) T/

LOCK A;
READ A;
A=A+ /;
WRITE A;
UNLOCK A;

T1:
T1:
T1:
: WRITE A;

UNLOCK A;

T1

T1:

T3:
T3:
T3:
T3:
T3:

T4:
T4:
T4:
T4:
T4:

LOCK A;
READ A;
A = A+1;

LOCK A;
READ A;
A = A+1;
WRITE A;

UNLOCK A;

LOCK A;
READ A;
A = A+1;
WRITE A;

UNLOCK A;

TIN&AICAZOYY

T2, T3 AY LOCK A #Ek

Oy —Iv—MNT3ICAY % EFA]

T4 A LOCK A FE3R
T2 (IFBTEIT TS

OYIRR—Tx—M T4 ITAYOZEFA

BELE[EEE AL (First-come—first-served strategy)

LOCK A ZEXRT ST aVIZEXKIEBIZOYVIEEFA]



Deadlock
T1: ADBBA T2: BHAbAN
2000 %% 5000 %
LOCK A; LOCK B;
LOCK B:; LOCK A;
READ A: READ A:
IF A >= 2000 A = A + 5000;
A=A - 2000; WRITE B;
WRITE A; READ B:;
READ B:; IF B >= 5000
B =B + 2000; B =B - 5000:;
WRITE B:; WRITE B:;
UNLOCK A: UNLOCK B:
UNLOCK B: UNLOCK A:

T1: LOCK A: EZ57]
T2: LOCK B: z51]

T1: LOCK B; A~EFTH]
T2: LOCK A; AEFH]

T1&ET21EK=EIC
EF=EDDIT5
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B SRV FET

LSV aVIERBZITRTOOYIEREHT
AR R—ov—IE, COEERZHA T 5. ETEREFA

T1: ADBBA
2000 &£ &

LOCK A;
LOCK B;
READ A;
IF A >= 2000
A = A - 2000;
WRITE A;
READ B;
B := B + 2000;
WRITE B;
UNLOCK A;
UNLOCK B;

T2: BHBAN
5000 & &

LOCK B;
LOCK A;
READ A;

A = A + 5000;
WRITE B;
READ B;

IF B >= 5000

B := B - 5000;

WRITE B;
UNLOCK B;
UNLOCK A;

T1:
T1:

T1:
T1:

T2:
T2:

LOCK A
LOCK B

LOCK B
LOCK A

e
e

UNLOCK A
UNLOCK B

&t Al
T Al
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e PATLIZIEFEZEA A > B
« HhTUTHIIUIE T1: ADDBBA T2: BIMDAAN
IBFEDKE=UNEIZ 2000M% & 5000[H% £
TATLERYY LOCK A; LOCK B;
LOCK B: LOCK A:
T2: BHbAN
TIDETEIZT2ANE SN2 SO00M s
LOCK A:
LOCK B:
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HIALIE . 7ATLZAOYILTWGEWS SO a3 %
BRULNTH . ER TR EL T DeadlockikEE

B &S00 a0 T, DN H I3 T, A
Oy LTWS7ATL A DRBEF>TNS

cT FE
T/ T/+1
K%L\T’(TA’EEI v
T/' T/'+1 T/'+2
LOCK A, LOCK A
A/' > A/'+1 A/'+1 > AH—Z



hd T, Z2:FRLT, HHEER

T :T ;T ...................................................... > :Tn
1 A1 2 Az 3 A

AL >A > >A | T IEWLWDMMA _ZF
L—TFLENERO TR | UNLOCK

FATLEORYY
LTULEWL T, And
FEL. FE
T/' T,'+1 T/'+2
LOCK A, —— LOCK A, LOCK A .
LOCK A, LOCK A,

A, > A Aui 2> A
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Arsoa—5—h Deadlock %1 T abort ETX T S 4%

Lo T1: ADBBA T2: BAABLAN
Waits=for Graph 2000M% S 5000%$
A K s ||k
P VS vt M v
DUNLOCKZT2MEF->TULVA
EETIDORIIT21ZRTT S )
=TI T2ANEHDES % T1: LOCK A; 5FH]
AESNLELTOIFS T2: LOGK B; ZFHI

AR D 1FTE (L DeadlockZE =k
f-&ZIEX T2 % abort LT B ~AD m a

OvOzRML. T1 NET B
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T1 T2 T3

LOCK A LOCK B LOCK C
LOCK B LOCK C LOCK A

A = A+B; B :=B+C; C:=C+A;
UNLOCK A UNLOCK B UNLOCK C
UNLOCK B UNLOCK C UNLOCK A

1. LOCKXZET7ATLDTILIZFAYRIETHERSAZIZLY . deadlock
AT HIELEEZDH, T, T2, T3 MoREIFIZAVYIERAHY. &
AN T3 NETHHEOoNT=ET D, 2ER.3BBIZETSINSNSY
YO ERT D a—)LEIRAR K,

2. Waits-for graph IZ&Y deadlock #f#;H3 5,3 E%25,T1, T2,
T3 MoREIEIZOVIERMHY ., wait-for graph IZEBEMNTE=EE,
T3 % abort L1=¢9 5%, 1EFH. 2B BICEITSNS ST O30 %

WA K,
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(Serializability)




NSO O DEEEHDIEFTEIELIZFIZE
T, T, ... T,

F12,.. .k DIEBT T, DRAT—FAUFEEITTS

Ao a1—)LEEBR P 1—)L (serial schedule) EFES

N3 ETOGSLLIEEEO A —FDONEIL
BT OV DETEMDINS T I 30N
MELLEWZEERELTLNS

DFEYIUH I3V W HELEEINR 7o 1—)LELT
EITSNAIEEE->TIAIS LTS



LNV RTLIIIERZFHRLTAS T3>0
IEEZ ANBEZTEITI HHNHLNAZL

ANBZEXLTH, TOEITHERIL
HALAEINR T a— )LDETREE—HLTIELL

AT a— LA e EEL L. EITHEREMN
HAOABINRT 12— IILDETHEREHITLEEEET D

COMZZTEDIIITERETHH?




T1: ADAE%E T2: BDAZ%
_ _ T2: READ B:;
LOCK A, LOCK B; T2: UNLOCK B;
LOCK B: READ B:
READ A; UNLOCK B, T1: LOCK A: LOCK B:
READ B: LOCK A:
d T1: READ A: READ B:
B := B+A % x READ A:
d T1: B := B+A * x WRITE B:
WRITE B; A= ATB* x T1: UNLOCK A: UNLOCK B:
UNLOCK A: WRITE A: ' ’ !
UNLOCK B: UNLOCK A: T2 LOGK A
T2: READ A:
iIEﬂ'c [ N — :
NRTZa—l T2: A = A+B * x
T1 B:=B+A%x T2 A=A+B*x T2: WRITE A:
T2 A:=A+B*x T1 B:=B+A*x T2: UNLOCK A;
A=B=1000 T1: B=3000 T2: A=3000 T2: B=1000
x=2 T2: A=7000 T1: B=7000 T1: B=3000 51| (b A &k
T2: A=3000
A=0 T1: B=1000 T2: A=2000 T2: B=1000
B=1000 T2: A=2000 T1: B=5000 T1:B=1000 =51 {L AT e 2
=) T2: A=2000
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EETHEERN—HITEIEINRT 12— ILHAFETHE]
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PEIREE DI IXEBE IZHY . BRATYI TFIYITESLMN?
IFHRIBE N HDIEES . 2D DIFMHIBES O EMME T —ARIC
/;&J:ET

Aoa—)L S BAEH|{LrgEEIE.
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T1: ADAEZ T2: BODE%
EDFHTEITXIR BARY AL A~NIRY AT
LT EFEMELLHES
A= )LIEFEET LOCK A LOCK B
Z A LOCK B:
UNLOCK B:
LOCK A:
UNLOCK A:
UNLOCK B: UNLOCK A:
BHNRTa—)L
T2: LOCK B: T1: LOCK A: T2: LOCK B:
T2: UNLOCK B: T1: LOCK B: T2: UNLOCK B;
T1: UNLOCK A: T2: LOCK A:
T1: LOCK A: T1: UNLOCK B: T2: UNLOCK A:;
T1: LOCK B:
T1: UNLOCK A:; T2: LOCK B: T1: LOCK A:
T1: UNLOCK B: T2: UNLOCK B: T1: LOCK B:
T2: LOCK A: T1: UNLOCK A:
T2: LOCK A: T2: UNLOCK A: T1: UNLOCK B:

T2: UNLOCK A;



T1: ADMAZ% T2: BOAZ%
LOCK A & UNLOCK A A g g
DARF =5 LT BAIRYIAD A~NTRY AL
LOCK B:

"
f M 5|#E UNLOCK A UNLOCK B: g2(B)

DRI, HHL 3T
LOCK A:
Oyo3ndETh
TATLDIE
UNLOCK A: f1(A, B)
UNLOCK B: g1(A, B) UNLOCK A: f2(A, B)
A B
T2: LOCK B; a b
T2: UNLOCK B; g2(B) g2(b)
T1: LOCK A:
T1: LOCK B:
T1: UNLOCK A:  f1(AB) f1(a, g2(b))
T1: UNLOCK B; gl1(AB) g1(f1(a, g2(b)), g2(b))
T2: LOCK A; f2(f1(a,g2(b)), g2(b))

T2: UNLOCK A;  f2(AB) f2tfHae2thn,—
gHFHag2b g2t



T1: ADAE%E T2: BODE%H
BARY AL ANIRY AT
LOCK A: LOCK B:
LOCK B:

UNLOCK B: g2(B)
LOCK A:

UNLOCK A: f1(A, B)
UNLOCK B: g1(A, B) UNLOCK A: f2(A, B)

IR 1—)L1

A B
T1: LOCK A; a b
T1: LOCK B;
T1: UNLOCK A; f1(a,b)
T1: UNLOCK B; g1(f1(a,b), b)
T2: LOCK B;
T2: UNLOCK B; g2(g1(f1(a,b), b))
T2: LOCK A;
T2: UNLOCK A; f2(f1(a,b),

g2(g1(f1(a,b), b)))



T1: ADAE%E T2: BODE%H
BARY AL ANIRY AT
LOCK A: LOCK B:
LOCK B:

UNLOCK B: g2(B)
LOCK A:

UNLOCK A: f1(A, B)
UNLOCK B: g1(A, B) UNLOCK A: f2(A, B)

BEH|RTo2—)L2

A B
T2: LOCK B; a b
T2: UNLOCK B; 22(b)
T2: LOCK A;
T2: UNLOCK A; f2(a, g2(b))
T1: LOCK A;
T1: LOCK B;
T1: UNLOCK A; f1(f2(a,g2(b)), g2(b))

T1: UNLOCK B: g1( f1(f2(a,g2(b))), g2(b))
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A B
T2t g2(b))—
f2(f1 (a,g2(t;)), g2(k’>)) g1(f1(a, g2(b)), g2(b))
B R Sa—)L1 f2(Ff1(ab), g2(g1(1(a,b), b))
g2(g1(f1(a,b), b))
B2 S1—)L2 f(f2ag2()), g2(b) g1( £1(f2(a,g2(b))), g2(b))
s ENELTEGS

M

i0 55| [ZUNLOCKMDZEITEREZRIEL TS



« BEZN=2RT T a—)LEFEH M
BHNRTo 12— LR DO IXE 5 A 5E

¢« EPTNEIIRS 21— ILEERLTERETS
DIFETEIRRAKEZLY

nEDRS T3 MSIEEF Ry 21—
JLDOY n! &
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T1: LOCK B T2: LOCK A T3: LOCK A
T1: UNLOCK B T2: UNLOCK A T3: UNLOCK A
T2: LOCK B T3: LOCK B

T2: UNLOCK B T3: UNLOCK B

D3NSV NSHEBUTD2DNDATa—LHNEE
IR gEME D . UNLOCK [CEA#ZZENIYAHTHFEAICKYFFAREK

T2: LOCK A T1: LOCK B
T2: UNLOCK A T1: UNLOCK B
T3: LOCK A T2: LOCK A
T3: UNLOCK A T2: UNLOCK A
T1: LOCK B T2: LOCK B
T1: UNLOCK B T2: UNLOCK B
T2: LOCK B T3: LOCK A
T2: UNLOCK B T3: UNLOCK A
T3: LOCK B T3: LOCK B

T3: UNLOCK B T3: UNLOCK B
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AT a1—I)LDOEF{LAIREMEHIE ST A7 ILT) X L

A<oa—)LlE T:LOCK A E7f-1% T: UNLOCK A
DHZLI-AT— AU DS a, a,, ...,a, ETH

ZILRTREMEFIE T 5T DK
% a =T ; UNLOCK A , =21\ T =T, LOCKA, (0# Q)
L35 5 i NBET HE. BID  ERRUEADEES

A,

BIMLRIEELIG &I NI 5
BINR7Oa—ILRTT & T, DOHIZHS

T, ZBRELA ZIXNVICELDFEMRIBEFE AR 1D

T JISTICEABRMNRITNILETIEAIEE, HALIEAATEE




T2:
T2:

T3:
T3:

T1:
T1:

T2:
T2:

T3:
T3:

LOCK A
UNLOCK A

LOCK A
UNLOCK A

LOCK B
UNLOCK B

LOCK B
UNLOCK B

LOCK B
UNLOCK B

BEHLRTREEHIE DY 57

AR NZLNE S
(1)
o B
5| AVEELY
B
(12) (13)
A
—DERIL
ZELGL FEEOWRENIHAEMRIIT

Rl—SR)LEEDLITE X —2

ZENST O E—DDTATLIZER
— [\ 1HLOCKZE M T3



T
. 5L AT REE RIS ST
FALNTZ BER AL NS A
ARrsoa—)L

T1: LOCK A
T1: UNLOCK A

T2: LOCK A
T2: UNLOCK A

T3: LOCK A
T3: UNLOCK A

T4: LOCK A
T4: UNLOCK A

T5: LOCK A

o UNLOCK A BRI DIZLNT ST TR,

Rl—7 AT LZIXRN)LIZ
L OFMMAIE., EHxELT-
5|Z#DL5
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FABRMNENSEEIZE
GICIEWLWAGEAEMBADRATEN/—F v NFEHET D

FELGZWEREINIX. HBD/—Fh B MRDEHC
WAHNEDLDE, /—FHDERGED T, Lh\Dh (X
BRIZRAFAMNTES
vEVEIREETHERIEZE G RS
ZDRATYTEEERL. EhINT=/—F (S H o2 32) 5
T, T, oo T, ZRI8Y—R5I &R 5

GV —FAZE->TRINRTO1—IL =D
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BEZzont=-R5Ta—) 5L R e HIE S ST BINR 7D a—)L
T2: LOCK A T1: LOCK B
Uz U HOIOIS A T1: UNLOCK B
T3: LOCK A B
T3: UNLOCK A T2: LOCK A

' T2: UNLOCK A
T2: LOCK B
T1: LOCK B B
To T3 T2: UNLOCK B
T3: LOCK A
A T3: UNLOCK A
T3: LOCK B
T3: UNLOCK B

T3-UNLOCK B B4 —kF1 T1, T2, T3
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BHMERIBEEHITE T Z7FHWNTLUTD
AT 21— )L EF{ER[EEME KD L

T2: LOCK B;
T2: UNLOCK B;
T1: LOCK A;
T1: LOCK B;
T1: UNLOCK A:
T1: UNLOCK B;
T3: LOCK A;
T3: UNLOCK A:
T2: LOCK A
T2: UNLOCK A
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o« EMNICISCCTRIERIREMERIE Y 77 LR TH
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TNETHDFAEZTOYETOMN?

. BEULARELB DR Sa—ILEDT EHTEDLS
;gavazmur:»(*ﬁzﬁﬁu ) 1£Z Z SR
\ n




E BRI
A7oa—I)L S DEFMERIREMRHRITE T 7 G AHRZFEFL
WSS B — R TOLoEEHIRSTa—)L R 1F S L5

23

/—F N @QiFEZ d(N)

Nz RETHERD
DIfmZE N DfEfER

d(N) = 0 NIZ Rz = AV LY
= max{ dM) | M [L[HES] + 1
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A7oa2—)L S ERTURILMS U3V
Rl—D7ATLICEALTRIC{EZZ:O Z&ZEFA

RS CET DIEIE
RSODES | HET AT LDIEIZRNERIREE=H 5. OK

RS AR S, RTTMFPATLAE
LOCKY AERIIZ A Z UNLOCK
5T I3 ET ET S

JFENEDIRETS ER X
T TAICR—DEZHEHIAD

SERIETTHAIC
Gl — DIEZFAIAD




T
SISE 240 —)L S OBEFIL AT REM %
Q 5SOABKRESTIBE . SIEEF{L R A4

RIZEMEEINRASO1—)L RAEHDHET S
@ Ti(i=1,..KOHBT Tp AR IZERYIZENDET S

S R
Tp—1: UNLOCK A g(...)

Tp: LOCK A Tp: LOCK A

Tp: UNLOCK A f(..) Tp: UNLOCK A (...)

RTIEf(..)IZg(...) [FHITELAELY. STIFHIA.
R¢&ES IEIFMTLELVDTFE
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S R

Tp: LOCK A
Tp—1: LOCK B
Tp—1: UNLOCK B g(B)

Tp: LOCK A
Tp: LOCK B Tp: LOCK B
Tp: UNLOCK A f(A,B) Tp: UNLOCK A f(A,B)

RTIEf(..)IZg(...) [FHITELAELY. STIFHIA.
R¢&ES IEIFMTLELVDTFE
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(Two—phase Locking Protocol)

BIULATRELTF DR TV A— L& T -
TSIV DERIRA(T




2{@Avo7AakalL

EZRSHTHIUIZB T, §RTAHLOCKX(Z.
T RTOHOUNLOCKIIDRIIZETT S

EIH
2¥ 0y 7ara)LIZHE->TTES:
Aoa—)L S &, 9 EFI{L A EE




2tH0Y D 1E ST DFERA

FHEE

BIEARRIReR5E

B eI ReEHIE T S TICIXFARBHY

T1 @) UNLOCK &IZ T2 @ LOCK

T2 @) UNLOCK 1&IZ T3 @ LOCK

Tk @ UNLOCK £IZ T1 @ LOCK

T1IZUNLOCK{&IZLOCKLTHY
2f 80y Jaka)LIZHSCEIZFE



2 HOvo 7Ol D &E

FHIFDLTHROHEEIN AR RS

T1 (Z24BAvyo7ara)LIZEHELNET S

T1
LOCK A

UNLOCK A
LOCK B

UNLOCK B

T2

LOCK A
LOCK B
UNLOCK A
UNLOCK B

T1:
T1:
T2:
T2:
T2:
T2:
T1:

T1:

LOCK A
UNLOCK A
LOCK A
LOCK B
UNLOCK A
UNLOCK B
LOCK B

UNLOCK B

ement

()
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Deadlock Z [ TE=AHH (T Tl

T1: ADBBA T2: BADAA -
. . . - == A

2000M %% 5000 %% T1: LOCK A; ZLF_I
T2: LOCK B: z51]

LOCK A: LOCK B:

LOCK B LOCK A T1: LOCK B: FRka[

READ A: READ A: T2: LOCK A; ASEFA]

IF A >= 2000 A = A + 5000:

A=A=-2000; | | WRITE B T1ET2 5k =

WRITE A: READ B: ) 7

READ B: IF B >= 5000 FHDDIT5

B =B + 2000; B =B - 5000:;

WRITE B: WRITE B:

UNLOCK A: UNLOCK B:

UNLOCK B: UNLOCK A:
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