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(a) T T (b) T, .
;tia_c)!F i/ti-m(x ¥; read_item(X},
::;.r:de__itte’m((;()); v):::;xriwtx %

_item(Y); i .

Time Y:'= VeN; Time ;?a:c;;-:sm(x )

write_item(Y'); write_item(X);

read_item(X); read item(Y);
X=X+M, Y:=Y4+N,

write_item(X); write_item(Y');

Schedule A Schedule B
Nonserial schedule
. R © T T T T
--interleaving .
)ria‘zz"ew (X read_item(X);
=X-N; X=X-N ’
read_item(X); write_item(X);
X=X+M; read_item({X),
Time write_item(X); X=X+M,
read_item(Y); write_item(X);
L ] d_item(Y');
. . write_item(X); rﬁi YN
Non—Serla};llzable chledule Yorn " wite_Htern(Y); Serializable Schedule
Ay PAEERERFHR B e
Schedule C Schedule D

Gvial Soneofule.
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A[TreP8
ook,

(a) T2
read_item(X};
X:=X-N;
write_item(X);
) read_item(Y);
Time Y= Y+N;
write_item(Y);
read_item(X);
X=X+M,
| write_item{X };
Schedule A
hojn - Sevinlio /e
(c) T1 T2
read_item(X):
X:=X-N,
read_item(X),
X=X+M;
Time write_item(X);
read_item(Y);
write_item(X);
Y=Y+,
write_item(Y);

Schedule C

Time

S@V'f&tl fpb\é
Seheddule

T T
read_item(X);
X=X+M:
write_item(X);
read_item(X);
X=X-N;
write_item(X);
read ftem(Y);
Y=Y+N,
write_tem(Y');
Schedule 8
Serialnable
T T
read_item(X);
X=X-N,

write_item(X);

read_item(X);
X=X+M,
write_item(X);
read_item(Y);
Y=Y+N;
write_item({ Y);

Schedule D

Figure 19.5  Examples of serial and nonserial schedules involving transactions T,

and T). (a) Serial schedule A: T, followed by Ts. (b} Serial schedule

B: T, followed by T;. (c) Two nonserial schedules C and D with inter-

leaving of operations.

o

— )
~—
—
— ]
S

Ll X

.‘/-- \‘i
I3
4 \'\ /.— \
II 71 I' T}
\\ ."J \___.-”

figore 19 Constructing the peecedence graphs for schedules A o D from Figuse
193 to test for confict seraltzabliy, ) Precedence graph for seria
schedule A (b) Prcedence graph for setal schedule B, (c) Prce
dence graph forschedule C (not seralizable) () Precedence gaph

for schedule ) {scralizable, equivalent to shedule A),
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(@

transaction T,

transaction T,

transaction T

read_item (X);
write_ijtem (X);
read_item (Y');
write_item (Y);

read_item (Z);
read_item (Y);
write_item (Y);
read_item (X);

hon ~<gyial

(o) transaction T,

write_item (X);

read_item (Y);
read_item (2);

write_item (Y);
write_item (2);

12t

transaction T,

transaction T3

{read_item (XY);

Time write_item (X);

“ read_item (YY),
write_item (Y);

Skl
1;3 >

© transaction 7,

read_item (Z);
read_item (Y);
write_item (Y);

T 2T

\) read_item (X);

write_itern (X);

Schedule £

transaction T,

2272

I read_item (Y);
read_item (Z);

write_item (Y');
write_itemn (Z);

transaction 73

read_item (X);
Time write_itern (X);

read_item (Y);
write_item (Y);

Fiqure 19.8

read_jtem (Z};

read_item (Y);
write_item (Y);
read_item (X);
write_item (X);

Schedule F

read_item (Y);
read_item (Z2);

write_item (Y);
write_item (Z);

Another example of serializability testing. (a) The reap and wRITE

/

(e) Gl
Y

e

"
[

operations of three transactions T, T3, and T3. (b) Schedule E.
(c) Schedule E

Y.z

>

Equivalent serial schedules

None

Reason

oycle X(T, =~ 1), (T, = Ty)
ocle X(T, 2T, YZ(T, # T, Y(Ty -T))

Equivalent serial schedules

T3—>T1_—>T2

Equivalent serial schedules

Ls T, »T

fiqure 19.8  Another example of serializability testing, {d) Precedence graph for
schedule E. () Precedence graph for schedule F. (f) Precedence
graph with two cquivalent serial schedules.
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B TJT8HE (Binary Locks) * ZITS{E R WEGIARR » SR
k5 E ( locked and unlocked) » ‘EFHEFEIX #heHEE » BJH
HI3E 5 (BB EE IR » K » BREGREERIFTER
5 (REE T EEFL R o7 2127

B 475 /HEfEE 2 (Shared/Exclusive( or read/write) Locks) : &
3fERRE > read_lock(X), Write_lock(X), and Unlock(X)

» read-locked X f#5r S 7E (share-locked) - SREFAAMAL 2
() e e 2

* write-locked M IEGEEHE (exclusive-locked) » A FRETE:
28 2y (2 Eh) [FHF BUF L E R
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R o (RINBEERETHER » NEFE
T&ﬁﬁﬁ%%ﬁ%ﬂ‘ Ry E RS (Jock
conversion)

o 4 : FAZ S (EE)) T A LA read_lock(X)F-4k
(upgrade) By write_lock(X) 5 [EEEH 7027 write_lock(X)
[#al (downgrade ) 5 read_lock(X)

ARG

Vo
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B ERERR(3RAT)E
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BEETT
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4 1E (protocol)

LBk DRGS0 E
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WATHERIRYSREMERTT peoe- 1o+ 7

Exalughe - Lol

G\

B Lost update —{HE &k dead lock
S _Lock,(A), Ry(A)
* S_Lock,(A), Ry(A)
e X_Lock;(A)—wait Xact 2 to release S_Lock,(A)
* X_Lock,(A)—wait Xact 1 to release S_Lock;(A)
B Temporary update or uncommitted dependency
 X_Lock,(A)
* S_Lock,(A)—wait (R,(A))
 Commit or Rollback;—release X_Lock;(A)
* S_Lock,(A), Ry(A)
B Incorrect summary or inconsistent analysis—{H& &k dead lock
* S_Lock,(A), Ri(A)
e X_Lock,(B), W,(B)
* S_Lock,(B)—wait Xact 2 to release X_Lock,(B)
* X_Lock,(A)—wait Xact 1 to release S_Lock;(A)
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Tl 12

A2 5 (E8h)HEHE (Schedules) R(A)

W(A)
R(B)

B Schedule : &G B AT —8H3Z 5( .
&) - BE—RRG(EH)ITEERFE
5 R(C)
« RELERE —HBETFRNZS(EZEFEE (WO

il

A - 0
P@(A) WQEA) R%(B) W@(B) RQ%(C) Wq(TC) &/
B JAAEREE + Scheduld— B URRE 0

ATEx
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JEETHIFERE

B JEHERE (serial schedule)
s SRR E X5 (RE;)IE—EF (T - EEART
PIEIE » BB DATEFIHERE » 18 BIEFFHERE
« 5201 TEFHHET 2 X S(EE)BITHFAE - dJgEaE R~
FMV4ER o HEE ATy
B T JERFHERE (Serializable schedules)

* JETEFPEE (GBS A EIE) - (245 RN FAE TGk
FEAH[EITH Ry nIE R

37



Tony Yu

Tony Yu


=N

Elagrlg et

HI1E

u A
FRRIEfHHE -

B HEER

Seria)

LEESRA

HREH B

X2 (FEH
BRI RIENE

1 B — (%

FFHERZA

B8,

=

TR

ElLi

B Ry Rl EFHE

Seri a[Rable,

38



Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu

Tony Yu


FEIREE R

HERE

fﬁg = HIE

TEFF

%EHFE » —H
PRILFEREES
BL > FERZEREK
TEFFHERRRYIR

B TR E
HHE BT FHY:

phase locking)

« HAthlE - IFEEECHET A€ (timestamp ordering) ~ %
R A7 7E (multiversion protocol) ~ k7 2281177, 72 (optimistic

protocol)

=1 B B
5(5@])%{? s

JEE

JERE

_E’J%%E >
HEER

W-Ul‘

e S

Y » B DAREE:
St R —PE B8 E:

o iﬁ%xﬂ%‘ = Ry 8

M‘/ﬁ/ﬁ

SRR Ry B8]
Al ( two-
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EY

(©

T

read_lock(Y);
read_item(Y);

unlock(Y);

write_lock(X);
read_item(X);

X:=X+Y:

write__item({X);

Puniock(x Y);

T (®)  Initial values: X=20, Y=30
Result of serial schedule T, followed by T, :

read_lock(X); X=50, Y=80
read_item(X); R&SUNT of senal schedule T, followed by T :

write_lock(Y);
read_item(Y);
Y=X+Y,

write_item(Y’);

unlock(Y); i/j/%(_ ),Fﬁe%

Time

Fiqure 20.3

read_lock(Y);
read_item(Y);
unlock( Y);
read_lock(X);
read_item(X);
unlock(X); Result of schedule S:
write_lock(Y); X=50, Y=50_
read_item(Y); (nonserializable)
Y:=X4Y:
write _item(Y);
uniock(Y);
write__lock({X);
read_item(X);
X=X+Y"
write__item(X); \ q Q_F ) 1’%% o,
unlock(X); 7
N

Transactions that do not obey two-phase locking. (a) ITwo trans-
actions T and T5. (b) Results of possible serial schedules of T and
T5. (¢) A nonserializable schedule S that uses locks.
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{58 F — P& EZHE (2PL)
(RBT R

B —[RESHERE - X5 (R FAENHEER
(read-lock, write_lock)¥: 155 —EfERIEEEE
(unlock)FfHHER » LR Z(REN T F -

o JER BN =% ES (expanding or growing (first)
phase) © HIEERBTRINET - EHIF—(ER
Baa e B ([ 291 unlbek> SR L&k T4 unbek

: Zfﬁ/UZE 5Ex(shrinking (second) phase) - [LI&Ez (=

REREIL (SR 3HE > A REFIE TIEHE
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B AR FEECSHE
(Basic)Two-Phase Locking (2PL)

H 2PL -
o HARXZ(EETEEHE R T > WVAESCEUSE I ER
157 S 5HE (S lock)
o HAXRX G (ZEE))TEHERE (modify) ERbE] » WVESCHTS
S EREE LAY 8EE (X lock)
» —HX 5 (EE))THwEEREER: - B4 1] u;qt-jm
At $H

B $55E—R%H DBMS B BE% E . lock point
A RE—E AR ? g
- TOESBENETREAE) /| s
. phase

growing phase Time
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ST (BT B ) B2 e fE

TR BRI %

B EH (Theorem) : —{EHFE R O] BFHEES H I
= LR A S BRI S T B (B TE  1E)

B EH . 2PL O DRSS

FETER

JRARHY ST T I (B S E )
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REFI2PL

(Conservative ° Static2PL) -~

;ﬁ*ﬁizm (Strict 2PL)

B (R5FARPL B2 ERTTIE S (EENAT » SokiFraAK

BFHEDRIHE 7P LF €9

- HJDABERES

E5rt - B

B BREDRP(RE

)(commlt):)?ﬁfil:
HAMAZ 5 (FRENE
TR SR - )

THVEDR} - L EIER ] DURELR

i

32 5 (R -

WBLAR 2 (R8N H
EEHFE B R R (B8

IR

hiE
@—ﬂ&ﬁ%@@niﬁ%aggﬁmz@;ﬁ - R

B LR

iﬂﬁ?&(&ﬁ))@%@@b

BT (abort) 7 FR IR AHL - %ﬁ%

[EAZ 7 (R E)RERE (3L

= (recoverability)
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RASHPL G )
TR ELI2PL(Rigorous 2PL) f

B EHEADRPLE VA EERERR(RN) ik
2 55 (528))) (commit) =4z
(abort) A R P75 $5 E (exclusive

or shared)

o XX B (FEENTERAGE R - WA e
SeHS BRI 73 Z5HE (S lock)
o HXXZ(E I TE4EE (modify) BRI

 WVRSE RS L E Rt Y #H E
(X lock) # of

. FAFTERTEIRHEIET  locks
R

B o] DR R B F AR R TR Time
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Deadlock and Starvation
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(Prevention protocol)
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EFN

B]‘iﬁ%ﬂ(ﬂmestamp prevention)
B4l (Non-Timestamp prevention)
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T, '
read_lock (Y); read_lock (X);
read_item (Y); read_item (X);
write_lock (X); write_lock ( Y);
unlock (Y); unlock (X);
read_item (X); read_item (Y);
X=X+Y; Y:=X+Y:
write_item (X); write_item (Y);
unlock (X); uniock (Y);

Figure 20.4  Transactions T,” and T,’, which are the same as T, and T, of Fig-

ure 20.3 but which follow the

two-phas

otocol. Nore

that they can produce a deadlock.

(@) T, T,
read_lock(Y);
read_item(Y),;
I read_lock(X);
me T REN read_item(X);
rite_lock(X);

"

write_lock( Y): %"TI %%F%Q

Figure 20.5  Illustrating the deadlock problem. (a) A partial schedule of T’ and
T," that is in a state of deadlock. (b) A wait-for graph for the partial
schedule in (a).
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R aly

Hl| — B eI BREC b ]

timestamp protocol

B EBECTS(T) R ER 7 (FEN)—H

A

?r*zﬁlﬁ IR ST 5 (RE))
HYHE—H 7E'T1 L TzZEUQMT EUTS(T

)<TS(T2)

o LB BT AT S ()
/b - (BRI ARk

higher priority)

HHS B EC A

Bti (smaller value and
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SEéE TR IR H] — By I BRET inhe ] — &

X1(A), X2(B), S1(B), S2(A)

B RExTZRESE @ BT, ESLHSE RIS E
(conflicting lock) (B[4 m&%I]T Qﬁﬂﬁﬁﬁﬁ)

P S4%- BT (Wait-Die) < Z5TS(T)< TS(TJ(ENT, Kiets -

D EBTORRHRS) AU %aifFau_t 55 (2)

iy F5 o SHIRERT,  WAE AR D E R e ek e C B H B EN T,

D o FEHIT-FEMRE(Wound-Wait) - Z5TS(T)< TS(T) (BT, Kt

¢ 58 BORHITIVX (RS  AESHEE) - BT

% g RO ERER B BB, ST

3 . gﬁ%ﬁﬂﬁjﬁﬁ%ﬁ*(deadlock free) why and how!

DR e M AR B R @ T
T RRIBEE © 1E PR SR A 5 (E8)
S - R e E A
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TRERHIRY s — R R 4

B Hg b SEE R B R — AR 5 (RE))
* Ty FHEFHT, FF T3..T, 5 F Tq
B HE L 2BEHM{ERR 5 (RE)) SIS

m ALl SRS ER A RERN] - EER{FEHE

BEEIE - FERFHBEM - IE77AE RIEE
{EH% S (Deadlock detection)
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SRl S

Deadlock Detection
B 35 E EHRET(Lock Mgr) RS —FAFIEl

s H—XR 5 (EE))EE —Hi%h
s B (RENTIERA G (RF TR E » BIE
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Figure 20.7 A granularity hierarchy for illustrating multiple granularity level

locking.
. 'P]\ ~ PZ‘
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T4 T

1X(db)
1X(f,)
IX(db)
IX(p11)
X(ry14)
IX(F,)
X(P12)
1X(¥5)
IX(p21)

Xrar0 | 2837 & 7 unlock

unlock(s.,4)
unlock(p, )
unlock(f,)

unlock(p,.)
unlock(#,)
unlock(db)

unlock(r, ;)

unlock{(p, )

unlock(f;)

unlock(db)

e T1 SEF 11l & 2115 K.
«T2 ZHZ A page P12,

T3 FEENr11j R BEAEf2 fileBV .

Fiqure 20.9

N \ |
/ ‘ \\ / \‘\
IS{(db) / | |

I1S(F,) Py Pe |- P
1IS(pPq4 ~
e o A AT A
Figure 20.7 A granularity hierarchy for illustrating multiple granularity level
S(r1) locking.
Shows the possible
serializable
schedule for these 3 Xacts.
S(f,) —~ | IS|IX|S | SIXX
— [ NN N AN
IS{N N[V ] ~N]A
IX| N [N [N
untock(ray | S | N [ A N
taarcry” LSIX V[
nlook(at) v X

Lock operations to illustrate a serializable schedule.
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