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=\ iSRS

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

= How to get a serializable schedule?
o Using locks

BENMMHEES, RE—1ASBHRE

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



VAR E RS KL

T1 sz

l

1. 8

scheduler

lock

table

-

Two new actions:

unlock:

lock (exclusive):l. (A)

u; (A)

&3 (jpq@ustc.edu.cn)



1. 8

m Hihi(protocol): {5 F a0 AL M

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

Rule #2 Legal scheduler

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

BHEE RS KM 5 &3 (jpq@ustc.edu.cn)



1. 8

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))w1(B) u1(B) w2(B) u2(B)

N

Well-formed but
illegal

BHEE RS KM 6 &3 (jpq@ustc.edu.cn)



2. FAESi(2PL)

® Two Phase Locking

Ti= sesnnn. li(A) cineeennnee. Ui(A) cannsse..

| |-
< L~
<

no unlocks no locks

1. SESEWNIUSIEHITIES ZRI, B3RS Z&E LrYH
2. EREM—1MZE, FSABIREGETH

The Notions of Consistency and Predicate Locks in a Database System. : 624-633 (1976)

BHEE RS KM 7 &3 (jpq@ustc.edu.cn)


https://dblp.uni-trier.de/pers/hd/e/Eswaran:Kapali_P=
https://dblp.uni-trier.de/pers/hd/g/Gray_0001:Jim
https://dblp.uni-trier.de/pers/hd/l/Lorie:Raymond_A=
https://dblp.uni-trier.de/pers/hd/t/Traiger:Irving_L=
https://dblp.uni-trier.de/db/journals/cacm/cacm19.html#EswarranGLT76

2. FAESi(2PL)

# locks
held by
Ti

. Growing __ Shrinking

/ Phase Phase

{Get locks but not \

not get locks

Release locks but
release locks

BHEE RS KM 8 &3 (jpq@ustc.edu.cn)



2. FMESi(2PL)

n AERAES: EF2PLIMUHNES

n EH
o WNERIFESF
T1
T2
Tn
BE R RGN

W BASESHBEREANES, Wiz,

i

ER=LIE LA

Serializable Schedule
— Using

2PL

%5 (jpq@ustc.edu.cn)



2. FMESi(2PL)

B IRESTAEEEX, hemmsi, mERMSIZaEER
FTEXNXEE, RMBERENFF &1

u BR7E
o IIAPERIB, HEASEHIZEXK
4+ S Lock
4 X Lock
4+ Update Lock
® trnns

BHEE RS KM 10 &I (jpg@ustc.edu.cn



3. X Lock

m Exclusive Locks (X%, tbF#RE4$i)

m X8 HEFTHHBERMXH, BLHEEFEFTEBXI
IR, F sk gENEERFEITE . RAKREREMXBIANE
%, FaextErESin s (201,

BHEE RS KM 1 &R (jpq@ustc.edu.cn



3. X Lock

Example Using X lock for schedules
Tl 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

BHEE RS KM 12 &3 (jpq@ustc.edu.cn)




BHEE RS KM

3. X Lock

Tl T2

xL1(A)

Read(A, t); t « t+100

Write(A, t);

xL1(B) xL2(A)

Read(B, t); t « t+100; wait

Write(B, t); wait

U1l(A) wait

Ul(B) Read(A, s); s « sx2;
Write(A, t)
xL2(B)
Read(B, s); s « Sx2;
Write(B, s);
U2(A)

X-lock-based 2PL U2(B)

13

A B
25 25
125 25
125 125
250 125
250 250

%5 (jpq@ustc.edu.cn)



3. X Lock

m XfiiRft T X EFHERIER IEfRIE TR
m BIREFERIEESS, NELHEMXE
o E—li&

o IE—HE

BHEE RS KM 14 &I (jpg@ustc.edu.cn



4. S Lock

m Share Locks (S$h, tF#RIES)

m SHi: MBESTHEIERM TSH, MEEBESIRIXIE
KABERTH, {BXREUSHHFRATLUKIN. XRMAFRIETHES
FSALLUERREAREEKR, HEIESTEMHSH . HESHKS
SHifE, MRENHBIBRIFI‘ITIIEEL, MAMERLBIAIT
Upgrade(R)#R{E, 1FSHIHZKFXHi,

BHEE RS KM 15 &3 (jpq@ustc.edu.cn)



4. S Lock

S/X-lock-based 2PL

BHEE RS KM

. EFHEIZHBBRATL M FEIRIFSH
. EFAEFEMAERAIILARIRISX . MRIZE

SEEBREMSHI, MAIIESEHIHAR JIX5

. NRESHHAIBEREASHEHEESEEGH

PP HHE miiEs, WESENSHRE,
B H T ESER.

. —BHER—1 %, SRABIEKEMD

&5 (jpg@ustc.edu.cn




5. Compatibility of locks

Re?uests
71 12 ‘ X8 S4i o
Holds | X3 N N Y
St N Y Y
I Y Y Y

= N: NO! x*ﬁ%’%%*
®mY: Yes, HERIIEK
r MRBNAEZE, NWEREHERNFESZVINFRF

BHEE RS KM 17 &3 (jpq@ustc.edu.cn)



BHEE RS KM

Example

6. Update Lock

t T1 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 ...... ...

18
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6. Update Lock

® Update Lock

o MREFES THER ERNEHFBI, MATLLER, HATUUEUIRH
2 X

o B4l pySE A BEFH T I XFi

o MREKAF TRERMUpdate Lock, NETESAFEESERERNS
. X%l X Updatesii

o MIREHZIFE TRLEMS Lock, MEEEHFA IR EAUpdate
Lock

BHEE RS KM 19 &3 (jpq@ustc.edu.cn)



6. Update Lock

AR

S X U
S Y N Y
X N N N
U N N N

o=

<S, U>ZHER): MREEESELIHFRA 7S, NSHaRSALIEK
Ui, LARISEIFRIHATE

<U, S>AHE: MRRAMFSZEFBUM, NEHEESAHEBIRFSHM,
EhisE USRS A fe e AT HrISHim SBKIT: B S HREIXH

BHEE RS KM 20 &3 (jpq@ustc.edu.cn)



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)
"7

BHEE RS KM 21 &3 (jpq@ustc.edu.cn)



Where are we ?

" HERIESHEZE
n FRIEE ST M
m PSR SRS
o 2PL
+ S Lock

+ X Lock
+ U Lock

o Multi-granularity Lock 2B $ii
o Intension Lock E[=]$i

b
\_'_l

Next >

BHEE RS KM 22 &3 (jpq@ustc.edu.cn)



8. Multi-Granularity Lock

® Lock Granularity

o FHIMN B AEXTREY K /)
S ATLARENRKFR, R A, BINRES| R3MW

" NG, HAEES; SIREEE, FrEER

BHEE RS KM 23 &3 (jpq@ustc.edu.cn)



8. Multi-Granularity Lock
n ZREH: FFNZFSMHARRBIRE

Multi-Granularity Tree

BHEE RS KM 24 &3 (jpq@ustc.edu.cn)



8. Multi-Granularity Lock

u 2 Y

o FLIFHRL
EREH

BHEE RS KM

TREA:

S =H 733

7 [ 28

Y £

E PR TGS R NS HIBX I, X IRANLE =N

%5 (jpq@ustc.edu.cn)



8. Multi-Granularity Lock
® Why we need MGL?

VAR E RS KL 26 43R (jpg@ustc.edu.cn)



8. Multi-Granularity Lock

T1: K0 HEE E A 1K P KRB AN
T2: 3m—-#ik /= (R#791000)

Use tuple locks, suppose total two tuples in R

Tl i T2
sL1(o1) '
sL1(o02)
Read(o1,t1)
Read(o02,t2) :
Write(o3)

(Sum=t1+t 5
Ui(ol) i
U1(02) |

BHEE RS KM 27 &3 (jpq@ustc.edu.cn)
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8. Multi-Granularity Lock

JRE
o Lock REEEHXTBEFEERITA, XT3

HY7T2H FeiELock
o 03: Phantom tuple £J{&t4A
¢ 71, HEABPECE

TR R A2

R EPN

Solution

o T2 N o3MIRIER a2 KRR EHRIE, SRR

4 Need MGL!

BHEE RS KM
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8. Multi-Granularity Lock

Solution: Using MGL

T1 ; T2

sL1(o1) ’
sL1(02)
Read(ol,t1)
Read(o2,t2)

| XL2(R)
Sum=t1+t2 wait
Ul(ol) wait
Ul(o2) wait

| write(o3)

VAR E RS KL 29 43R (jpg@ustc.edu.cn)



8. Multi-Granularity Lock

u ZNEHERRMAEMBIE N
o IV : MEFHIFEKEREMBIBIEXTR LAY

o [REN/M%i: KB XBWENMD, EEAH RS ST Him EHHEE
XoF SR 457 0 £

o {—NMERENMBFTLIME R

* ZERERERAIERIITE
¢ FEGERERERIMHEENNG (EESRSFHRIRAHIAHSR)
* IR TRERTERFENEETNENA M

BHEE RS KM 30 &3 (jpq@ustc.edu.cn)



8. Multi-Granularity Lock

B EITIXFNXRRIEXMTSH, EXREFRIAAAFITALHERININ T S,
FALIERLRYTTLH NS,

ol
4

1E;rﬁbhmx£h

B EST2%at3m 7 X481,

BEREFAREIERMNE RS RRNEISTTX .

g E EST4HEKRIIRN

/j \ X%, FF
*<ZRn J

FSTIXRIINT St —> X ER1 XKAER2 ...

BHEE RS KM

» Tt Judtk Judt2  Juétm  SufAt3 Juétw
— ESETIERMTTALIINXE, FF S T233t300 7 X4

31 &M (jpg@ustc.edu.cn)



8. Multi-Granularity Lock

= g; Z‘I—AQE}%P%X%)&HTI HFHZE R ERBEFEAER
b
o BRREEPLAE R i
o L AN RERPH LELE S S AR R $i
o BV EERPHN TESGERFPEEENENEA I
- g}gﬁ%ﬁ?tﬁéﬁﬂm_lﬁb'l‘*ﬂ FeEFEP LRISIE K BE

o EAREIRIHY
o GIAE M (Intension Lock) R iX—o]Rl

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



9. Intension Lock

VAR E RS KL 33 43R (jpg@ustc.edu.cn)



9. Intension Lock

m IS§ii (Intent Share Lock, =[5

o] Z 4§, EoIEH)
m IX$Ji (Intent Exlusive Lock, E@HEHI, E@E )

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



9. Intension Lock
m RN ENELMIS(IX) 8, MiHAAEZEN1Z4E R REA
TESEMS (X)$;

m ME—LEEPINS(X) i, AT MRS S EIPARYERIE ERYER
B S MIS(IX)%H

S

BHEE RS KM 35 &3 (jpq@ustc.edu.cn)
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9. Intension Lock

Want to exclusively lock t1

36
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9. Intension Lock

VAR E RS KL 37 43R (jpg@ustc.edu.cn)



m Compatibility Matrix

BHEE RS KM

9. Intension Lock

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

38
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