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FENE

o HEBESHRE

B HAEZAESTH M
(Scheduling and Serializability )

m fi5A ML (Locks)
n EZHIRESRA
= SE i
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1. PERNENX

I INEFHALXBPITEFESWEEL R

Example:
Sc=r1(A) wi(A) [Z(A) w2(A)) [1(B) w1(B) r2(B) w2(B)

e
Sa = r1(A) wi(A) r1(B) wi(B) r2(A) w2(A) r2(B) w2(B)
\_ L %

g N
T1 T2

What is a correct schedule?
And how to get a correct schedule?
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2. A E{LiBE (Serializable Schedule)

®m What is a correct schedule?
o Answer: a serializable schedulel!

m FHITHE (Serial schedule)
o ENEBEFzERBEMREXEINT, FS—
— AT
oS=T1T2T73...Tn

m Serialzable Schedule

o MIR—NMAENGEREFE—HRITHEIITRHIER
g}%ﬁ\ )r"ﬁ"' ZEE A RCIAE, BNEA AT S
)i
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2, AIRHIAE

m AR IERYE
o Consistence of transaction: ENESHIMIT
IEDBM— N —BURAS T E) 5 — M —BURES

o NIMNEFZBITAEMITINIRIE Consistence of
DB

i rializabl
transactions —Scheduler | —» S22 1
schedule

BIEERG KN 5 &M (jpg@ustc.edu.cn)



2. ATERIAE

B Is a schedule a serializable one?

o We MUST

+ Get all results of serial schedules, n!

+ See if the schedule is equivalent to some serial

schedule

Too difficult to
realize

BIEERG KN

> Other approaches?

{1 A B A

6 &M (jpq@ustc.edu.cn)



3, zEal &4 (conflict serializable)

m Conflicting actions

o Say

Fi(X) : 2L TiBIEXERE (Read(X, t))
SWi(X) : =& TithEXIR{E (Write(X, t))
o MSEIR(E

BIEERG KN

r1(A)  w2(A)

w2(A) r1(A)

w1(A)

|

w2(A)

/

VR — R
%, HEAEIE
R

A\
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3, yhzEaf & (conflict serializable)

m Conflicting actions

o MNRIPFE P—X1EERIERL MR, NEKSFU
RENBNITIRFZ®, MECSHTHP—)
ESHsLNITER

o MNRANELIRIEA MSE, M UFEREPIZHE
i
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3. HEFHM

I
Schedule C

T T2 A B

Read(A, t); t « t+100 25 25

Write(A, t); 125 25
Read(A, s); s « sx2;
Write(A, s); 250 25

Read(B, t);

t « t+100;

Write(B, t); 250 125
Read(B, s); s « sx2;
Write(B, s); 250 250

Sc = r1(A) w1(A) r2(A) w2(A) r1(B) wi(B) r2(B) w2(B)

BIEERG KN 9 &REM (jpg@ustc.edu.cn)



3. WA

Sc = r1(A) wi(A) r2(A) w2(A) r1(B) w1(B) r2(B) w2(B)

N

Sc’ = r1(A) wi(A) r2(A) r1(B) w2(A) w1(B) r2(B) w2(B)

N

Sc’ = r1(A) wi(A) r1(B) r2(A) w2(A) w1(B) r2(B) w2(B)

_

Sc’ = r1(A) wi(A) r1(B) r2(A) wi(B) w2(A) r2(B) w2(B)

N

Sc’ = r1(A) wi(A) r1(B) w1(B) r2(A) w2(A) r2(B) w2(B)

N

N AN /
Y e

T T2

Schedule A

BAEE RGN A 10
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3. WA

Sc = r1(A) wi(A) r2(A) w2(A) r1(B) w1(B) r2(B) w2(B)

x .

[F] — N 55 I ERAE D INRF B T R I 7 MRERAE
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3. HEFHM

Schedule C WP IEARIBA25
T1 T2 A B
Read(A, t); t « t+100 25 25
Write(A, t); 125 25
Read(A, s); s « sx2;
Write(A, s); 250 25
Read(B, t);
t< t+100;
Rende, o5 3
Write(B, t); 250 125
Write(B, s); 250 50

BAEE RGN A 12 &AM (jpq@ustc.edu.cn)



3. HEFHM

m JHZEEAfY (conflict equivalent )

o S1, S2 are conflict equivalent schedules if
S1 can be transformed into S2 by a series
of swaps on non-conflicting actions.

m HZEA[ 14 (conflict serializable)

o A schedule is conflict serializable if it is
conflict equivalent to some serial schedule.

BIEERG KN 13 &M (jpq@ustc.edu.cn)



3. WA

n EH

o MR—MEAEREMRA &%, MZBEEAE
A

® Note
o (NAFTFH

ad

BIEERG KN 14 &M (jpg@ustc.edu.cn)



4. 5% (Precedence Graph)

m LS E AT 3w R Ry F B
m Lk EER
o 453 (Node): E5
o BEA (Arc): Ti—>Tj, WwETi <, Tj
o FETIPRRIEALMTiPARIEA2, e
¢ A17EA2F], HH
o A1FIA2 2 HSSHR1E

BIEERG KN 15 &M (jpg@ustc.edu.cn)



4. L7EHE

Example

S = r2(A) r1(B) w2(A) r3(A) w1(B) w3(A) r2(B) w2(B)

BAEE RGN A 16 &REM (jpg@ustc.edu.cn)



4. L7EHE

Example

S = r2(A) r1(B) w2(A) r2(B) r3(A) w1(B) w3(A) w2(B)

BAEE RGN A 17 &REM (jpg@ustc.edu.cn)



4. L7EHE

m LEESHaEn] f i
o B{E—NMEES, WESHMEEIP(S), &EP(S)F
IIF, NSH EHSER] H4E
o WERR: VAL

+ see “"H. Molina et al. Database System
Implementation”

BIEERG KN 18 &M (jpg@ustc.edu.cn)



FENE

o HEBESHRE

B HAEZAESTH M
(Scheduling and Serializability )

= $5AT BN (Locks) <——
m EZHIRRESA
m FE
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=\ HiSA S

®m What is a correct schedule?
o a serializable schedule!

= How to get a serializable schedule?
o Using locks

NI RES, e RELEE

BIEERG KN 20 &M (jpg@ustc.edu.cn)



BAEE RGN A

T1 sz

l

1. $iEYT

scheduler

lock

table

-

unlock:

Two new actions:
lock (exclusive):l. (A)

u; (A)

21
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1. $fEMT
= il (protocol): {5 FA AR M

Rule #1: Well-formed transactions
Ti: . li(A) ... Pi(A) ... Ui(A) ...

Rule #2 Legal scheduler

S = ... li (A) ............ ‘Ui(A) .........

BAEE RGN A 22
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1, $ifE4T

S = r2(A) r1(B) w2(A) r2(B) w1(B) w2(B)

N
S = 12(A) r2(A) 11(B) r1(B) w2(A) u2(A) 12(B)r2(B)jw1(B) u1(B) w2(B) u2(B)

"W

Well-formed but
illegal

BAEE RGN A 23 &M (jpq@ustc.edu.cn)



AR EX $0i(2PL)

® Two Phase Locking

no unlocks no locks

S EXHMEA B AT 585 Z 1
B SCEIRE AR LR

2. FER—IBiZ)E, FHFAER
AT B

|I|nl

1.

il

BAEE RGN A 24 &M (jpq@ustc.edu.cn)



2. AkEL$i(2PL)

# locks
held by
Ti

. Growing

Shrinking

/ Phase

{Get locks but not \

release locks

BAEE RGN A

[
»

<
<

Phase

25

Release locks but
not get locks

&3 (jpg@ustc.edu.cn)



2. AkrEL$i(2PL)

m BEENES: BTF2PLIMYUEIES
" EHE

o MR—MAESHRIFFEEFHEMENES, N
ZEERE (h3R) ATEREE

™m

Serializable Schedule

T2 | Using
: 2PL

Th —

BIEERG KN 26 &M (jpg@ustc.edu.cn)



2. AME(2PL)

B IREFZTREZENX, s, meEFR
BUERZ A HERESIEXXERIE, RmBHERE
HIH & 14

B IR E
o SIAANEIRYH, e EIRIZEK

+ S Lock

@ X Lock
+ Update Lock

BIEERG KN 27 &M (jpg@ustc.edu.cn)



3. X Lock

m Exclusive Locks (X%, tBf#RE %)

m X3i: HESJSTHHBERMX, ABLH E%’%
BEEFTERXEILUE, 7R EXNHIERIE
4. RBEKRBREMXIINES, A8 xj‘ﬁﬁ

R sRET (254,

BAEE RGN A 28 &M (jpq@ustc.edu.cn)



3. X Lock

Example Using X lock for schedules
T1 T2 A B
Read(A, t); t « t+100 25 25
Write(A, t); 125 25
Read(A, s); s « Sx2;
Write(A, s); 250 25
Read(B, t);
t< t+100;
Read(B, s); s « sx2;
Write(B, t); 7 250 125
Z Write(B, s); 250 50

An incorrect
schedule

BIEERG KN 29 &M (jpg@ustc.edu.cn)




3. XLock

Tl T2 A B
xL1(A) 25 25
Read(A, t); t « t+100
Write(A, t),; 125 25
xL1(B) xL2(A)
Read(B, t); t « t+100; wait
Write(B, t); wait
U1l(A) wait 125 125
Ul(B) Read(A, s); s « sx2;
Write(A, t) 250 125
xL2(B)
Read(B, s); s « sx2;
Write(B, s); 250 250
U2(A)
X-lock-based 2PL U2(B)

BIEERG KN 30 &REM (jpg@ustc.edu.cn)



3. XLock

m XifEMH 1 X E S B ERY IE R T H SR g
B HNMRBFSEREES, WRLEMX:
o E—h g

" 1?"-': /'\E
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4. S Lock

m Share Locks (S$i, tBFRiZEHI)

m SHi: MREFSTHHERM TSH, MHEE
EITREIXFIBE R A BERK TN, {BXTRAYSHIIFER
A LARR TN . IXELARIE T HESEF A LUIEERE
FEEER, BRIESTHEBMSHI. HESIK
=SHife, MEEXMHIEBRIFEITIELL, MAin
Yjaj.ﬂiiﬁzﬁﬁﬂLﬁUpgrade(R)#ﬁwﬁ, 1GSEIFH LR
JI X% o

BIRERGE RN 32 &M (jpg@ustc.edu.cn)



4. S Lock

S/X-lock-based 2PL

1. BHSEIZEBUERRILMTIRIFSH

2. EFEEMBUERAIMLIZIRGX . 4N
RIZHEECAEREWNSH, NAFIES
BFER A X3

3. MREBESHUMANEKERSEHERESE

B fHE mgiEs, NES#
ANZERA, BIETESER.

4. —BEM—1 8, SABEKER

BIEERG KN 33 &REM (jpg@ustc.edu.cn)



5. Compatibility of locks

Holds

Re/quests
127 X S I
X8 N N Y
S N Y Y
I Y Y Y
= N: NO, Z:H"’EE"J%X

mY: Yes, B RIEK

" MRAENUAEE, MNEREIHEKHE

FWIMEFF

BIRERGE RN

34
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Example

BAEE RGN A

6. Update Lock

t T T2

1 sL1(A)

2 sL2(A)

3 Read(A) Read(A)
4 A=A+100
5 Upgrade(A)
6 A=A+100 Wait

7 Upgrade(A) Wait

8 Wait Wait

9 Wait Wait

10 ...... ...

35
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6. Update Lock

® Update Lock

o NREFSFHNS T HIER ERYEFE, MIATLUER,
FF B AT ATE AR AR X E0

o BZRRISTIAN BEFHER XS

o MNRESH#ESB TRLEKMUpdate Lock, NHEEH
FAESZIRLASHI. XiiLl KX Updatesii

o MNREHZHESEB TRLEHS Lock, NMEEELZALL
* B R_E#yUpdate Lock

BIEERG KN 36 &M (jpg@ustc.edu.cn)



6. Update Lock

u FHEMERE
S X U
S Y N Y
X N N N
U N N N
Note:

<S, USRIMHAN: MERECHELSCKLES 7S48, NX4wH

550 L RUSBE, u%ﬁﬁﬁ%ﬂﬁ%ﬂiﬁ

<U SSAHE: MREEANFELSCOHFEFUE, NEHEESA
Re FIR15- S8, tﬁﬁu%ﬁﬂﬁ—aa’%_fﬁé%ﬂﬁ%ﬁﬁﬁs%ﬁ

ﬁﬁ@%km&ﬁ Wl 2% 21 X 8t
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6. Update Lock

Example
t T T2
1 uL1(A)
2 uL2(A)
3 Read(A) Wait
4 Wait
5 wait
6 A=A+100 Wait
7 Upgrade(A) Wait
8 Write(A) Wait
9 U1(A) Wait
10 Read(A)
11

BAEE RGN A 38 &M (jpq@ustc.edu.cn)



7. Bi22PL

m 2PL|oj&n t T T2

t T T2 1 stiA)

2 sL1(B)
1 xL1(A) 3 Read(A)
2 A=A-100
3 xL1(B) 4 Unlock(A)
4  Write(A) > xL2(A)
5 xL1(B) 6 Read(A)
S U 7  Read(B) A=A+100
7 sL2(A) 8 Write(A)
8 B=B+100 Read(A) o Commit
9 Write(B) 10 Sum=A+B Unlock(A)
10  Unlock(B) 11/ Read(A)
11 Rollback

AR A=
W42 i R G5 K ST 39 &3 (jpq@ustc.edu.cn)



7. Bi22PL

m Strict 2PL (™#82PL) : ERXHIMHFTIRFRES
£55% (commit/rollback)

® Rigorous 2PL (5&2PL) : ERFrBEHERFESE
FLHR

BAEE RGN A 40 &AM (jpq@ustc.edu.cn)



Where are we ?

B FABRESHLEBR
B AAEESA SN
m 5] RS
o 2PL
S Lock

4 X Lock
+ U Lock

o Multi-granularity Lock %*ﬁ&%’)"i} >
i — Next
o Intension Lock = [a)$i

BIEERG KN 41 &M (jpg@ustc.edu.cn)



8. Multi-Granularity Lock

® Lock Granularity

o FEMNEHEIRL:

L

POEA: 0PN

cALREANXR, R, A, BIRS R3IW
" PHAESE, FRENS; BINEEE,

& B #AR

BIEERG KN

&HM (jpq@ustc.edu.cn)



8. Multi-Granularity Lock

B ZNEH: FIFSHA RS

Multi-Granularity
Tree

BAEE RGN A 43 &AM (jpq@ustc.edu.cn)



8. Multi-Granularity Lock

B SRR S Y
o SLVFZ RN PHIE L R IR AL N ST X3
, RN GERMBERERE NTES <L TG
el

BIEERG KN 44 &M (jpg@ustc.edu.cn)



8. Multi-Granularity Lock

® Why we need MGL?

BAEE RGN A 45 &REM (jpg@ustc.edu.cn)



8. Multi-Granularity Lock

T1: RYFIEIEEF A KRR M
T2: 30— Nk P (R 5191000)

Use tuple locks, suppose total two tuples in R

T1 T2
sL1(o1) '
sL1(o02)
Read(o1,tl1)
Read(o02,t2) .
Write(o3)

(Sum=t1+t g
Ul(ol) i
Ui(o2) |

BIEERG KN 46 &REM (jpg@ustc.edu.cn)
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8. Multi-Granularity Lock

m RE

o Lock REEFT X B FEERITTEE, XTHBETA
FHERRWAARTHIELock

o 03: Phantom tuple £J{%& TR
¢ F1E, ANFEAE4PESCA

Solution

o T23/ No3HIBRIER BN R RN G HIE,
X FEAS R RN B

¢ Need MGL!

BIEERG KN 47 &M (jpg@ustc.edu.cn)



8. Multi-Granularity Lock

Solution: Using MGL

BAEE RGN A

T1 T2
sL1(ol)
sL1(02)
Read(ol,tl)
Read(o02,t2)
XL2(R)
Sum=t1+t2 wait
Ul(ol) wait
Ul(o2) wait
write(o3)

48
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8. Multi-Granularity Lock

SRS ERNARIAEMBE N
o%ﬁm%:ﬁg%%%XEEMﬂﬁ.
)L
o [RZNiNs: AEZBAWENMI, BEEAELEE
S50 Y ST fSEFARE X SR 450 33
o {—NE R BN HET R INE (8

TR _ER

-

~

C ZEREREAIMEEMEE

» FEFRERERERIMHEENNG (EESRSFHRREN
i H5E)

s A TRGRTPEEFEIEETNE M
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8. Multi-Granularity Lock

B ESTINXRARLIENMTSH, EXRERIFAEIITABLIE
2NN 7 SHi. HEESALAERLIA T ESHi, B EE
yiip, €3

= EST2HTAGBMTXH, REESTEHRME RS
RNEISHHZXH. T

yii), G

e

HETIXIR1IN T S % AR KER2 e < ZRn <

/N /NN

» JGZHT JCZHtk JCZHE2 - JGZHtm ynéﬁt3 ------ T tw

—  ELETIERM LA XS, FHf&F %%nmamma
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8. Multi-Granularity Lock

B EXN—INELPIFKEE, »aFIEhzE R L
=R FEAHER
o BER[gE =P LAY E I\ §i
o h B[R EPHY L E LA = SH IR i
o B REEPH TEA R EFERFEAN T i
m i FEETR FEEERIAREENR, A REM
EP_LERIFIEKGE R R IN
o EARIRIAY
o SIAE M@ (Intension Lock) fi#HRiX—|a]gh
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9. Intension Lock

#o (B) (2 (a3
v () ()8

BAEE RGN A 52 &M (jpq@ustc.edu.cn)



9. Intension Lock

m IS§i (Intent Share Lock, =[EitE4ii,
= [E) i)

m IX$i (Intent Exlusive Lock, =mEHEE i
, B[a1E%)

BIEERG KN 53 &M (jpg@ustc.edu.cn)



9. Intension Lock

B RN EMNESIISAX), NHAERSE
MiZGE R HENTELE LSS (X)5;

B SHE—LESPIMS(X)$i, AMATIIRE =
2|PRYEE1E _ERIFR B 45 = InIS(IX)%i

BIEERG KN 54 &M (jpg@ustc.edu.cn)



9. Intension Lock

Want to exclusively lock t1

KR

H
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9. Intension Lock

JLH
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= Compatibility Matrix

BAEE RGN A

9. Intension Lock

IS | IX
s | v |V
IX | v v
S | v X
X X X

57
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