Concurrency Control
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 HEBRIESH X EIRE

B HARFAESH R
(Scheduling and Serializability )

m HiSA RN (Locks)
n EEHIRESRA

= ZE
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Where are we ?

B HEARESHZE™
" HAEESA SR
m SR M SEE
o 2PL
+ S Lock

+ X Lock
+ U Lock

o Multi-granularity Lock %[ $i } >
Next

o Intension Lock = [a1$i
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8. Multi-Granularity Lock

® Lock Granularity

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

" NG, HAEES; SIREEE, FrEER
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8. Multi-Granularity Lock
n ZREH: FFNZFSMHARRBIRE

Multi-Granularity
Tree
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8. Multi-Granularity Lock

u 2 Y

9 ftiq:g*ﬁ-lgw I:I:I E"Jﬁjl\éﬁlﬁ?ﬁﬂﬁmﬂﬂ S?J"igzx%li y Rvj‘%/l\zﬁnﬁ\;hu %)Ili
EMREHETESABHM T F 2B a5
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8. Multi-Granularity Lock

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

T1: SR FTEE FE A K BRI AN
T2: Bin—A4-#rik /- (R#791000)

Use tuple locks, suppose total two tuples in R

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

Sum=tl1l+t
Ul(ol) i
Ui(o2) ’
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8. Multi-Granularity Lock

CES

o Lock REESt W EFERMITA, M TFHIBHRAFERE
HIEN B T4 T % Lock

o 03: Phantom tuple 4] t4H
¢ F1E, EABPIELE

Solution

° ;Zﬁ)\ow‘]ﬁéf’ﬁ%ﬁi%%/l\%% RISHE, BN RER
N8

4 Need MGL!
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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)
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8. Multi-Granularity Lock

u ZNEHERRMAEMBIE N
o IV : MEFHIFEKEREMBIBIEXTR LAY

o [RxNM%i: KB EZBHENM, BEEAE EELE ST HimEHHE
Xt SR 48 0 5

o H—NMER BN MBIFTAIEFE

s ZEEREEATHANEE

s FEEHETEETHANNG (LEESSBER Sz
s TRESPREFETHANER S
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8. Multi-Granularity Lock

B EITIXFNXRRIEXMTSH, EXREFRIAAAFITALHERININ T S,
SR LIERLIEY T ENSHI, 1BABEMXEH

B EFZT2NTALBMTX$, HEESZSARIERMNHE EEZ G RNBISHIZ X,

ol
4

e E HETHERWRN
/ j \ X%, FF
FHETIWRIMNT SHI— < RR1 XZER2 .. X< Z%&Rn J

» JuAH Jotk Judt2  Juétm JoHt3  Juétw

— RST3IEKRWITTALIINXEU, FF FST2X3 3007 X5k
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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

Advanced Database Technologies 13 &EA (jpg@ustc.edu.cn)



9. Intension Lock
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9. Intension Lock

m IS§ii (Intent Share Lock, =[5

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

- ﬁu%ﬂ%/\_n,mﬂﬂls(lx)‘fv 0|15 R SR F EX GG R YR A
T z;—nmjms (X)% -

B MME—HERPIS(X)$i, Wi MRS = Z|PRYEEE _ ERIPR
B S MIS(IX)%H

g
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9. Intension Lock

Want to exclusively lock t1
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9. Intension Lock
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m Compatibility Matrix

Advanced Database Technologies

9. Intension Lock

IS IX
s | v |V
X | v v
S | v =
X X X
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. SHREEH
" SEEEHINBIATUERI R A, XEREESBUERIL
SE 2R E TR BT

R AMIFZEZFHAERERTEHRE. MRARTFEFERRS
A, NarLigEH &
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L Sl bt

B SQL92frEE X T UFE SR E R

o ;o%e 1: BESFEH N ERE (18 MEEN, A= —

o Note 2: T [EIFRERAFIIEZHRIE.

Oracle —
R A AOJESEIE i
MS SQL‘Server (IsoII:tion I7.Jevel) (Dirty Read) (Nonrepeatable Read) (Phantom Read)
BRIA
\( FIR3SIE oJgé aJge AJEE
h
L IR3E > AnJae B3 AJHE
___C mmsR > | Fum ARG Ak
MySQLZRIA AJERft AuJge AuJge AuJge

Oracle R FHRIZIEMAT BITiE, MySQLFIMS SQL ServerEp 33P0 5 3
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moRE

o BFAWFFEM, HATEEAIE

M. ESHREEH

2323 (BEiE) Read Uncommitted
o SVFIEENBIEIE 1 _ERY (R #

RS EHEN

&, TNEH

& I3

A AEiSE AAESIE A
(Isolation Level)  (Dirty Read)  (Nonrepeatable Read) (Phantom Read)
FRER3TIE aJgg aJgg aJgg
ez ArIsEe aJgg aJfg
JESiE AJEE AuJEe aJfg
&b AuIEe AuIEe AuJEE
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M. ESHREES)

Fif [B] R E2

1 Set transaction isolation
level READ UNCOMMITTED

2 Begin tran
3 Begin tran Select * from S Where
SNAME="F4’
4 Update s set AGE=20 where
SNAME="F4’
5 Select * from S Where
SNAME="F4’

Rollback tran

Commit tran



M. ESHREEH

B }EAZE Read Committed
o RIFEFZAIENBEHMRIBXZHSZ IS RIBIE (AP IEAREIE)
o BESWIMERITIO R LINSH, #HiE—BiEH, MY EERFHFHRISHI

R AEiSE ARIESiE AJE®
(Isolation Level)  (Dirty Read)  (Nonrepeatable Read) (Phantom Read)
RER3TIE L)1 afg L)1
eaziE AIEE afg aHg
JESiE AuJEE AuIEE CI)15
aJ &b AuIEe AuIEE AuJEE
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. FSFHREES

8] Ef1 HEH2
1 Set transaction isolation
level READ COMMITTED
2 Begin tran
3 Begin tran Select * from S Where
SNAME="'F 4.’
4 Update s set AGE=20 where S
SNAME="'TF 4’
5 Select * from S Where
SNAME="TF 4.’
6 Commit tran .
AR ESIE
7 Select * from S Where
SNAME="F 4’
8 Commit tran

Advanced Database Technologies
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M. ESHREEH

m A EEi% Repeatable Read

o WMEEFAEFFABUNREELEE—HIE (CRFK) , HEALENZ. H, BSHEIE
HiEet, HEZFREIEKIEEDEIRABERS #iiE

o ATEEXALBIIEMIEMATES IR, BAGERIELIE
o EFWMEFVIRIBIELMSH, FrEREZEHEE, MESHLAREFDERZLER

Gl AEiSE AOESE A
(Isolation Level)  (Dirty Read)  (Nonrepeatable Read) (Phantom Read)
AHR3TIE aJ g aIgg aJig
ETiE AEJHE aJgg aJgg
JESiE AJHE AuJEE aJEg
&Rl AIEE AIEE AuIEE
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. FSFHREES

Fif [8]

EEL

HERZ2

BFEEMAT

8
9

Begin tran

Insert into s
values (s8,’ F4.’ ,23)

Update s set age=22
where sname=‘j5K=’

Update s set age=22
where sname='‘F4’

Commit tran \

BbE T

Advanced Database Technologies

Set transaction isolation level

REPEATABLE READ

Begin tran

Select * from S Where SNAME='TFZ[’

HIMLIR

Select * from s Where SNAME='TFZ[’

27

Commit tran
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M. ESHREEH

m A {TiE Serializable
o REEFHERA HLR
o EREEIHIER, HMESARENEE, WA BATTA
o BEHRWMEHIHIE EMSH, PrlLEMEZEHE, MASHMLMIFFHBERZLER
o EHREMMPUEHBIREAR
o FNEHIELEH

PR YAl AEiSE AEIESIE A=

(Isolation Level) (Dirty Read) (Nonrepeatable Read) (Phantom Read)
RERTIE aJgg aJgg aJgg
E3ZiE AuJgE agg L)1
AESIE AnJEg AnJag B3
aJ&Rfy AuJge AuJge AnJge
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M. ESHREES)

fif 18]

e 31

a2

Begin tran

Insert into s
values (s08,’ F4.’ ,23)

BB ESR

/

Set transaction isolation
level SERIALIZABLE

Begin tran

Select SNAME from S Where
SNAME="'F 4’

Select SNAME from S Where
SNAME="'F 4’

Commit tran




. SSaMREES
= FEFESS FOBMSMBEEMEGRAMZES
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Fi. &#i(deadlock)

B Two transactions each acquire a lock on a DB
element the other needs

B Two transactions try to upgrade locks on elements
the other is reading
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1. SIS

1 T2
sL1(A)

sL2(B)
Read(A) Read(B)

O 1 A W N = =




1. BiSHEH

CDC”\IOUI-LOJN—\""|

-
(=

Advanced Database Technologies

T1 T2
sL1(A)
sL2(A)
Read(A) Read(A)
A=A+B
Upgrade(A) A=A+100
Wait Upgrade(A)
Wait Wait
Wait Wait
o~ i {ﬁﬁHUpdate Lock}

33
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2. EHRFAFALTEERE

m i Deadlock Detecting
o KMEBITEE, PR

m 35T Deadlock Prevention
o FERISKRERFEMERS L BN FE i
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3. Deadlock Detecting

® Timeout &8H]

o Simple idea: If a transaction hasn't completed in x minutes,
abort it

= Waiting graph E&5HE
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3. Deadlock Detecting

= Waiting graph

o Node: Transactions

o Arcs: Ti o Tj, TiLMFSETIFEMER

ity

F

Vi

(m

RS B,

e

= T BB

Advanced Database Technologies
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3. Deadlock Detecting

t T1 T2

1 sL1(A)

2 sL2(A)

3 Read(A) Read(A)
4 sL1(B) A=A+100
5  Read(B) Upgrade(A) Q @
6 A=A+B Wait

7 Upgrade(A) Wait

8 Wait Wait

9 Wait Wait

10 ...... ...
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3. Deadlock Detecting

T1 T2 T3 T4
L1(A); r1(A)
L2(C);r2(C)

L3(B);r3(B)
L4(D);r4(D)
L2(A); wait

L3(C);wait
L4(A);wait

0O N OO 1 A WO N =|m

L1(B);wait



4. Deadlock Prevention

m 53%1: Priority Order

o (FZESIRTHR B SKFMK ST 5 FF n 3i)
B 53%2: Timestamp

o (EAHRTIEE)
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4. Deadlock Prevention

m 557%1: Priority Order

o BTN 3H HYBRE P TT AR M FF HEFF

o HFZREE

Advanced Database Technologies
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4. Deadlock Prevention

t T1 T2 T3 T4

1 L1(A); r1(A)

2 L2(A);wait

3 L3(B);r3(B)

4 L4(A); wait

5 L3(C);w3(C)

6 U3(B);U3(C)

7 L1(B);w1(B)

8 U1(A);U1(B)

9 L2(A);L2(C)

10 . r2(C);w2(A)

11 "o 2(A):u2(C

12 T2: AC R L4(A):L4(D
T3: B,C (ALAO)

13 T4: AD r4(D);w4(A)

14 U4(A);U4(D)

Advanced Database Technologies
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4. Deadlock Prevention

u FZFF A AT AT G 3

fFE
A
HR
B
Impossible!

T23REB LB B, DAL EIREFA LB
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4. Deadlock Prevention

B 53%2: Timestamp
o B NEZHBRHIRF—/ a2
o MREHTH RollbackA/SHERestart, THREE AT
o THER#TiHEMH, MIETIMTjMtimestampREHiRYI% T
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4. Deadlock Prevention

m Wait-Die Scheme ZF#&F—3 1T

o THR—MEUR B
& If T is earlier than U then T WAITS for the lock
«If T is later than U then T DIES [ ro/lback)
& We later restart T with its original timestamp

Assumption:
timestamp(T) < timestamp(U) means T is earlier than U
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4. Deadlock Prevention

t T1 T2 T3 T4

1 L1(A); r1(A)

2 L2(A);DIE

3 L3(B);r3(B)

4 L4(A);DIE
5 L3(C);w3(C)

6 U3(B);U3(C)

7 L1(B);w1(B)

8 U1(A);U1(B)

9 L4(A);L4(D)
10 L2(A);WAIT

11 r4(D);w4(A)
12 U4(A);U4(D)
13 L2(A);L2(C)

r2(C);w2(A)
u2(A);u2(C)



4. Deadlock Prevention

= Wound-Wait Scheme 5% —Z%F

o THR—MEURA !
& If T is earlier than U then T WOUNDS U

& U must release its locks then rollback and restart and the lock is given to
T

« If T is later than U then T WAITS for the lock
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4. Deadlock Prevention

t T1 T2 T3 T4

1 L1(A); r1(A)

2 L2(A);WAIT

3 L3(B);r3(B)

4 L4(A);WAIT
5 L1(B);w1(B) WOUNDED

6 U1(A);U1(B)

7 L2(A);L2(C)

8 r2(C);w2(A)

9 u2(A);u2(C)

10 L4(A);L4(D)
11 r4(D);w4(A)
12 U4(A);U4(D)
13 L3(B);r3(B)

14 L3(C);w3(C)

15 U3(B);U3(C)

Advanced Database Technologies
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4. Deadlock Prevention

® Comparison
o Wait-Die:
+ Rollbackz B R EEFRGIME, EitERollbackiyE ZE{ELLB D
, {ERollbackfIEZFHSHE S
o Wound-Wait:

@ﬁ*'RollbackH‘J ERollbackVEFZELEKEB T, BABEESELHIT
T8CETE], EitkRollbackiE FH#E{ESB%, {BERollbackiHHH
A >, BEATF LURIEEFZSHIGE S 251K

® ua:k H‘JWAITEttWOUNDEEmJE K R—ERAT— N ESE
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4. Deadlock Prevention

® Why wait-die and wound-wait work?
o BIZ T1H-T2 5...... Tk 5T (geadiock)

o {Ewait-die schemerR, BT < TIRNAESBTI-T), Al
=]

¢ T1<T2<...<Tk<T1l -- Impossible!

o {fwound-wait schemerR, B3 Ti > TIRNA&SBTI-T],
E3]li& 5]

+T1>T2>...>Tk>T1 -- Still impossible!
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BieH R

u PR H & B AEFTRE R ISR ?

o IE-1% D
°o X-E [
o 5-i%
o 5-5 &
= KM

o fMEHM »
o PiTFMENRM

Q %%ﬁ\ %iﬁ _

Advanced Database Technologies

P TER RS, FH L ERE
-~

ﬁ‘éé?ﬁﬁi%)ﬂi?
- ¥
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lﬁﬂ#ﬁ&ﬂa

Advance

N RRFEREG

o RMMIEIEH] --- “HMEH”

& KW H

BRE

ﬁ.
AFABEEMREMNITES. REREEMBENARERREUHRER
MzE, MREZEMHZE, NAEFRVIENSEHBXERHFITER.

FTHEIBREAKAE ((EARARATEE) EZIMNHPIEXLE

XJ&#&E*“ - “?L‘Exmgﬁu
¢ M ETEATMPHEH H3E

+ X%

N

HISEIR, FHiHRIBERIEHE R F

d Database Technologies
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7 RBHELES

u ZHl

o MRAMBNEFEMERKLES, )”U#Z%ﬁ@éﬂ’]#ﬂiﬁttifﬁ& B4 m
i, WASWIFRBEN—HE; MBRMEHFRESIER

o “WRMB, SHHHE"
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N RRFEREG

" u ZADORE

o Recordset}] H B+ ELockType
¢ 0(adLockReadOnly): recordsetiyic® N HiE
¢ 1(adLockPessimistic): FEMHFLIEHI, RERFFRecordsetAITH, A A

I EREIZICFEE PRI R.
+ 2(adLockOptimistic): “FRW"H.kEH], Zupdate recordsetiyidRAT
, e i

¢ 3(adLockBatchOptimistic): LUHtE = B & #hicd F i
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Ny FAHEES
= ETERMEARIEE, BABERERRNS; NRE
4 ge, MEEERE NSRS MERR
" BTEFREMY, BRFHRN, FRES

n BEREMEMPLEZLE T H3E
o EA “AXiEHHiA(Validation)”
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N RRFEREG

BTN
o BN EMESTIAEE S AMP R T =AM ERIRFAIT

@ ﬁlb"ﬁi %I Ei&ﬁ)\ﬁﬂg%ﬂm}%“l B . R BwritefR(E& X BT

@ﬁi&ﬁﬁﬁw)&ﬂfﬁﬁ TiHITAEYRMEE, HERBATLLUEwrite{EFTEFNE
T EETES LBIBEMAIER A B4

+ SME: BETIEEEWERE, N TERNSHIEERE, FNUELRTI
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Advance

7 RBHELES

B BUMRERZE (FHER)

o ETITHRAMNAIN
4 Version --- MySQL
¢ Timestamp --- MS SQL Server, Oracle

o ETELLEBRIA
4 MS SQL Server

d Database Technologies 56
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N RRFEREG

m ETITHRAR RMHLZIFEF] —ums sqL servers i
o MS SQL Server it Tzt 5 B FMH & 125

SQL Serverst I Ani I

READ ONLY
OPTIMISTIC WITH VALUES: £ T-& LB B W 3F R 1]

SCROLL_LOCKS: FEM 3 & 5 4i

122 il

OPTIMISTIC WITH ROW VERSIONING: Z-F i [8] Bk ) R W 3K -
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7 RBHELES

B ETITHRANFRENH.1EH —LIMS SQL Server /5l

o MS SQL Server{E A4 EiEHK B timestamp (BIEESCERNE—HSER—
HEHIED
o £FTE@Q@DBTS:RE =¥ iEE & G AR E & {E

o MR—IFRESE timestamp %1, MEXH INSERT. UPDATE =DELETE &
AME—1TRT, LEITHY timestamp ER#E AN ZETEY @@DBTS {H, &K
@@DBTS jn1

o Hﬁ%giﬁuttﬁ%ﬁﬂ’qi—"lﬁﬁtimestampiﬁﬂiﬁ?ﬁ%ﬂlﬂﬂ'ﬂtimestampﬁ, HER
mEF
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7 RBHELES

B ETTHRARNRAH %EH —LIMS SQL Server7 {3l

o HAPFFTHFFERET, SQL Server{xFITHIS Aitimestamp; SHEFFRPEEH
—1TR}, SQL ServeriEHFH##EBZNHIM—%Where¥Ff]

¢ WHERE timestamp?! <= <old timestamp>

o MRAMEF, MIRBHEIRES
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Advanced Database Technologies

N RWHLES

% SQL B irdE -
SRR REE (R %ﬁiﬂ @ TET

[&tH] — keen2. test. s. . .
HwA W FFEN W

évﬁ.ng M D" ' b |Dtest j"EE’é&;&
create table testicol int, timestamp) -
o

inzert into test(col) waluez(l)

inzert into test(col) waluez(2)

Zo

zelect # from test

Zo

declare my_curs curzor for select col from test
Open my_curs

fetch from my_curs .
ST EL BN

update test set cq}:3

——TEiFET P BT AT

update test =zet col=5 where current of my_curs
close my_curs

deallocate my_curs v

s
W

oy
HEsi8s: (HES 16834, £EBI 10, #3551, 4T 7
S AT S M. TR P ME R T 1ET .
AE4-25: HE 16047, 5% 10, 455 1, 47 71
o 8 5T L HERAE AT o
L%EEI#HEQ LS
< »

— —

keen? (8.0) |za (1) test | 0:00:00 |3 T AT 17. & 14
ERE: 1

HEEEER. BFER.
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N RWHLES

€ SOL EHAHTEE - [ — keen2. test.s... [= [OX]
W i (F) REE) TRE ITEM 'EAW FHE & x
I%Tﬁ’ng El« + b |Dtest

create table testicol int, timestamp)
z0

inzert into test(col) walues(l)
inzert into test(col) walues(2)

z0

col timestamp
IS (2 0000000000000191
£ |2 0=x0000000000000192

iz BTN

&MWL B keen? (8.0) |za (510 test  0:00:00 Grid #1: 2 9T AT 1. 7 1
EEE: |
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7 RBHELES

n ETEEBINFUHLZIEF—MS SQL Server

o MR FTH X Btimestamp?l, SQL ServerfEiFirH %X PHXKAET
{ELEB IR

o MRAHFPRERBIIR—1T, MkTHHERSKRE—XIEEULITH
REEOERITER !lﬂ%1 MEL SN, NARSFSEmRAERAEA
E;%ETIH:H, HLIRE—1HiR. MREE—HFD, RBJFHRHAT
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Advance

H % #R{Eio) &
EESA E4

o AR 'ﬂﬁ}%g

o A

SR o 1 R

WS Al S SCE
ESHRERA
Ft 3

R H 2=

d Database Technologies

63

%5 (jpq@ustc.edu.cn)



	Concurrency Control
	主要内容
	Where are we ？
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	8、Multi-Granularity Lock
	9、Intension Lock
	9、Intension Lock
	9、Intension Lock
	9、Intension Lock
	9、Intension Lock
	9、Intension Lock
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	四、事务的隔离级别
	五、死锁(deadlock)
	1、锁导致死锁
	1、锁导致死锁
	2、死锁的两种处理策略
	3、Deadlock Detecting
	3、Deadlock Detecting
	3、Deadlock Detecting
	3、Deadlock Detecting
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	4、Deadlock Prevention
	再论并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	六、乐观并发控制
	本章小结

