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u HBEBESHE T

B HARFAESH R
(Scheduling and Serializability )

= 15T H445TI (Locks)
» ERHRESER <
A

BHEE RS KM 2 &EM (jpgq@ustc.edu.cn



. SEHREEH
" SFEEHINBIT AR & B . XA
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B AMITFEEIZIHADREKTEHIFRE. I
RAVFRRRESA, NWATESH A
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L Sl bt

B SQLI2tREE X T UFHEZRES A

o Note 1: [REHFIZFXERE (£18) MKER, T2
N—1TEFH

o Note 2: FEIFRER IR NIERIE,

Oracle = = S S S
MS S%(!— %Se“’er (Isoﬁ?ﬁ?ﬂvel) (DirE{/E Eiad) (Nonr;«gférfaﬁlfé Read) (Phanf(:)lnh? Read)
KRIRAZiE Gl CIL:E CILL
\& B O | Aus GIrT EIrs
/ Reke Rege e
MySQLEZR A 1)1 AuJgé AuJgé AuJge

Oracle R FHRIZIEMAT BITiE, MySQLFIMS SQL ServerEp 33P0 PEES 5 3
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. ESRRESM
m KRIBAZE (PFiE) Read Uncommitted

o RVFIEENZaTH

& 51 _E YR 3
o BFZFAWFREM, HAXEENRIZ

&, N"ERIERESRCREXR

& 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)

B[] Ei1 B2
1 Set transaction isolation
level READ UNCOMMITTED

2 Begin tran

3 Begin tran Select * from S Where
SNAME="'TF 4’

4 Update s set AGE=20 where AEiEE

SNAME="'F 4’

5 Select * from S Where
SNAME="'TF 4’

6 Rollback tran

7 Commit tran




v EHEHRES 5

B }EAZIE Read Committed
o RIFEFZASENBHMRIBRZHSZIEKIBIE (R

1EAEE)

o HFZWMIEFRIIEI:

B A R S

& NS, #

R AEiSE ARIESiE A=
(Isolation Level)  (Dirty Read)  (Nonrepeatable Read) (Phantom Read)
RER3TIE L)1 aJgg L)1
ez AIEE afg aHg
JESiE AuJEE AuIEe CI)15
aJ&Rb AuIEe AuIEe AuJEE
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M. FSFHFREESS

8] Ef1 HEE2
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 S5
SNAME="'TF 4]’
5 Select * from S Where
SNAME="F 4.’
6 Commit tran
AuJESIE
7 Select * from S Where
SNAME="'F 4’
8 Commit tran
BHEEE R G K S 8 £33 (jpg@ustc.edu.cn)



v EHEHRES 5

m A EEi% Repeatable Read

o MIEEFEHEFABUMREEHEIR—HE GERE) , HRPTF2%
%g% B, EEEHRIBER, HOESTRESSIEET BRI

o ATEFXALRIIEMIEMATES IR, BAGERIEL)E
o HFZWIMAMICIME LMSH, BILHMESEHHE, mASHL

PRFFBIEFER
PR BisE FOUESiE it
(Isolation Level) (Dirty Read) (Nonrepeatable Read) (Phantom Read)
IR ATk ATk AT
R Fete ATAE ATAE
AESiE Rt Rt AT
eI Rt Rt FefE
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M. FSFHFREESS

B [8]) Ei1 HEHE2
1 Set transaction isolation level
“bﬁ&#ﬁi’ REPEATABLE READ
Begin tran
Begin tran Select * from S Where SNAME='TFZ[’
4 Insert into s
values (s8,’ F4.’ ,23)
5 Update s set age=22
where sname=‘j5%—’'
6 -- Update s set age=22
where sname=‘TFZ4’
7 Commit tran\ Hﬁmﬂ%
1= ‘4=
8 ubg’au!;"ﬁ' Select * from s Where SNAME='TFZ[’
M .
9 Commit tran
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v EHEHREEH

m A H1TiFE Serializable
o RIEEFHZFHERF R
o EREHOHIER, HESAeEEEE, WAsBAFTdE

o HFZWIMAEMICIME LMSH, BrLHMESEHME, mASHL
PRFFBIEFER

o EFTWMBUETIEIHE =R

PR YAl AEiSE AEIESIE A=

(Isolation Level) (Dirty Read) (Nonrepeatable Read) (Phantom Read)
REEIE aIgg aJgg aJgg
E3ZiE AuJgE aIfg L)1
AESIE AaJag AaJag R
aJ&Ry AnJge AnJge AuJge
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M. ESHRESS)

B 8] il B2
1 Set transaction isolation
level SERIALIZABLE

2 Begin tran

3 Begin tran Select SNAME from S Where
SNAME="'F 4’

4 Insert into s

values (s08,’ F4.’ ,23)

5 Select SNAME from S Where

SNAME="'TF 4’
VA
6 ﬂtébﬁﬁg%ﬁ% Commit tran




v EHEHRES 5

= ;EI‘E%?&%U‘FDBMShﬂ‘éﬁE(JEM’EF.?&kE(J
|
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Fi. &#i(deadlock)

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

® Two transactions try to upgrade locks
on elements the other is reading

BHEE RS KM 14 43R (jpgq@ustc.edu.cn)



1. SIS

T1 T2
sL1(A)

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

O O b W N = =




1. BiSHEH

t T1 T2
1 sL1(A)
2 sL2(A)
3 Read(A) Read(A)
4 A=A+B
5 Upgrade(A) A=A+100
6 Wait Upgrade(A)
7 Wait Wait
8 Wait Wait | f# FHUpdate Lock
9 Wait Wait
0 | ...
W A G o oL 16 &8 (jpg@ustc.edu.cn)



2. EHRFAFhALFEERE

= 3 #i#&N Deadlock Detecting
o HMZIFE i,
m Jt$ifmfs Deadlock Prevention

30

o FERUSEL:

BIEERG KN

T B LE

L B S 3
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3. Deadlock Detecting

® Timeout #BH

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

m Waiting graph E&HE

BHEE RS KM 18 &3 (jpg@ustc.edu.cn)



o Arcs: Ti o Tj, TiLMFETIFEMER

3. Deadlock Detecting

= Waiting graph
o Node: Transactions

A RELREENAT

BHEE RS KM

FRHIEAD

N R SEA

F

Vi

(m

I B,

FeA

= T AEB
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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) m @
6 A=A+B Wait

7 Upgrade(A) Wait

8 Wait Wait

9 Wait Wait

10 ...... ...

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



3. Deadlock Detecting

L4(A);wait

t T T2 T3 T4

1 L1(A); r1(A)

2 L2(C);r2(C)

3 L3(B);r3(B)

4 L4(D);r4(D)
5 L2(A); wait

6 L3(C);wait

7

8

L1(B);wait




4. Deadlock Prevention

m 557%1: Priority Order

o (IZESIRTHR B FKFMK ST 5 FF n 3i)
B 53%2: Timestamp

o (fEFRTIEIER)
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4. Deadlock Prevention

m 557%1: Priority Order
o FOZEM$HiHYHHE B T R AL K G HE R
o H5 R BEIL R T = I B iE
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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 T r2(C);w2(A)
11 "o 2(A);u2(C
12 T2: AC A L4(A):L4(D
T3: B,C (A:LAD)
13 T4: AD r4(D);w4(A)
14 U4(A);U4(D)
BHEEE R G K S 24 &R (jpg@ustc.edu.cn)



4. Deadlock Prevention

u F2FF 0 EH AT AT B 5T

fFAE
AT
HR
B
Impossible!

T23REB LB B, DAL EIRESA LB
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4. Deadlock Prevention

m 753%2: Timestamp
o BB ZHIRFF—ANBFaE;
o MR E S TH RollbackA G HRestart, THIAT g
HAT
o THEKMETiFFBRI, MBETiMTjEItimestamp
R E SRR
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4. Deadlock Prevention

m Wait-Die Scheme ZF&F—% 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)
2 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 T 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)
14 r2(C);w2(A)
15 u2(A);u2(C)
BHEEE R G K S 28 &R (jpg@ustc.edu.cn)



4. Deadlock Prevention

= Wound-Wait Scheme 5¥£ —Z4F

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 givento T

# If T is later than U then T WAITS for the lock

BHEE RS KM 29 43R (jpgq@ustc.edu.cn)



4. Deadlock Prevention

t T T2 T3 T4
1 L1(A); r11(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)
BHEEE R G K S 30 &R (jpg@ustc.edu.cn)



4. Deadlock Prevention

®= Comparison
o Wait-Die:

+ Rollback 2 2 & FEIEKBiMEL, EittERollbackiy=
EE{ELL B>, {BRollbackiIEZHLSELBI%

o Wound-Wait:

¢ &% RollbackH}, %Rollbackﬁ']?%ﬁéé‘}é{aT%“ﬁ ¥ =]

AJBEE LT T BLICHTIE], 1t|:RoIIbacklél’J$3~'%1?H'l5A
3%, {HRollbackfVEFZHMEAR L, AATLURKEE
FH IR B2 iE ki

+ IHERPIFTWAITELLEWOUNDEE L&, AA—IERT
— PMTESESKNH SR — 1IN R ENESEFS
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4. Deadlock Prevention

® Why wait-die and wound-wait work?
o R T1-T2 »...... —Tk 5T1 r1deadiock

o fEwait-die scheme™®, REH4Ti < Tjif A<
£TioTj, FKAE

& T1<T2<...<Tk<T1 --Impossible!

o ZEwound-wait scheme®, RE Y Ti > Tjit
AT eBTioTj, HAE

¢ T1>T2>...>Tk>T1 -- Still impossible!
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o EF LR

it “|ns”

Q ?LEXE#ﬁ*?E%“ - “;EILEXﬂ%JiH
® AETHEETBT RS AR

» KA

WLHISEEL, FHTEIH

* PitNEIERE, BSHHRKIE
o FRMH L 1=H|

o KW H

ﬁ.
Flal&4%E

THIBREAXATEE (
4§J§ﬁ1j§, jt#F4\@

QB EE S
MREZENE, MAEFVHR

E&O

BIEERG KN

33

B RIERZE EH 1§
i, AESFENER

BAEATEE) EZ1MH
EEMRIEMAITES

B A REFRUMERR X E AR,

BRI BRI LT
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FWMHA LI

u ZHl

o MMRAKENEFHWERILES, MHLZ MIERIHEE
LB ; WETM%,&TAM%&E A—
M miiEmeHmRESILER
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FWMH L=

_I EADOIEFH

o Recordset}] HH+i5 ELockType
+ 0(adLockReadOnly): recordsetiyid® A R iE

+ 1(adLockPessimistic): M H %+
Recordset AT H, Al AL To ik iR 1% 10 R EF

¢ 2(adLockOptimistic): “ =MW" 3H

recordsetH Y0 FBT, 4510 R0 5t

+ 3(adLockBatchOptimistic): LUt ER I EE

T

BIEERG KN 35

%1

fﬁ“ y 7/ \Eﬁ

43R (jpq@ustc.edu.cn

¥

RYI0 SR,
T, =update

TICRET

)



FWMH L=

r RTEEHENRNEE, BHARFGeEER
A ; MREAEHHSE, N ERFEAH
SREES MR

 ATFAEEMS, EFEB )N, HEXES
D BEEHEMLESZLE T HE
o R “AIEIA(Validation)”
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FWMH L=

" BHUEFHIA Y
o BNEMBESTIEHENAMPERLUT =K
AT

* EMEL: ﬁﬁﬁﬁ)\ﬁug%ﬂm}%“ TER, LERE
writei2{EFE W AT E, HANHIEEEH

> FUMTANE: TIETEUNMRE, FIERRTLUS
writelR{EFFEFTHN EHPEEES LI ¥ EEMAI1E R AT

o Ilﬂllll

::'I'E
+ 5 : ATIEEAWERZE, NWHITSERHNSHIEE
B1E, /NIRRT
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FWMHA LI

D BRMEERZE (BHE)

o ETHEE (THRAE) AR
4 Version --- MySQL
¢ Timestamp --- MS SQL Server, Oracle
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- FWMHA LI

B ET{THRERNFRHLZZES

o MS SQL Server{E F45Z#iEK B timestamp (BIEE
SEEHRE—R8=EY — 3t
o EE"‘i@@DBTSJ‘Ii o] =4 B # 8 FE 5 = B {52 AR A B a8 %

o MR—IREE timestamp %1, NExEH INSERT,
UPDATE = DELETE iFR)f&si—17HF, LEITRY
timestamp EHE#E A AR @@DBTS 8, A
@@DBTS /i1

o FRSEZT’A AL B EITHY Y ATitimestam pFIiFHRIE EUAT Y
timestamp{E, WERTEHN
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FWMHA LI

B BT IThRAB R H & 15 F

o HH PITHiFHRE], SQL ServeriRFITHIZ{A]
timestamp; S7EiFfRPEEFH—ITH, SQL
Server A EHHIE B3R M—%Where+ 1]

+» WHERE timestamp?l <= <old timestamp>

o MRAHF, MIKEHEIRES
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FWHLIES)

% SOl Bt tray — [&Ei# — keen?Z. test. s. . .
W ) REEE iR TR FOm  FERW

é’l - ﬁ.". E B=l e ﬂ B> « » |Ei test j “EE 3%-’ E‘i
create table testicol int, timestamp) e
20

inzert into test (col) waluesil)

inzert into test(col) walues(2)

Z0

gelect * from test

Zo

declare my_curz curzor for zelect col from test
apen mMy_Curs

— — Tt T T
update test zet col=3

——TE AT B BT AT
update test =et col=5 where current of my_curs
T Cloze My CUrs

deallocate my_curs L
< >
PBS2%: (58 16034, BB 10, BE 1, T T -
TAMHEIEE RN DU A MER T 1E1T-
ARS88: 7HE 16947, BRIl 10, W3\ 1, T 7
A+ 58 AT a AHER AT o
o] Tt 1S v
< >

I Fiis Eme

tEwEC TR BREE- keen? (8.0) |za (B1) [test | 0:00:00 |3 9T 4T 17, F| 14
HERE: 1
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FWHLIES)

4 SOl Ematrss — [&Ei#H — keenZ. test. s. . .

W ) REE FRE TEO FOW FHE
é"lﬁ:ng D"V"" |Gtezt

create table testicol int, timestamp)
z0

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

z0

col timestamp

N [z 0000000000000191
2 O=x00000000000001%2

™ Fts [EH A |

&MWL, EEE keen? (8.0) |za (510 test  0:00:00 Grid #1: 2 9T 4T 1. 7 1
EEE: |
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ARG

B HaE{EEE
n RS RN
o AIERLIAE
o ST & 1% K2 | iy
m ST SRS
o 2PL
o ZFPiRN: X\ S\ U
o LRI IS = )5
" BEFZHRERA

m e
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