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BiL &K EH

T1
rehd(A, ). t=t+1

write( A, t)

read(A t) t=1+1

write( A, t)

Commit

& B

DANGER

ZIERIE

DO NOT OPERATE

T1
read(A, 1), t=1t+1

write( A, t)

T2

read(A t), t=1t+1

write{ A, t)

read(B, u),u=u+1

write(B, u)

Commit




FENE

o HEBESHRE

B HAEZAESTH M
(Scheduling and Serializability )

m fi5A ML (Locks)
 EFHIRELA <
= SE i
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. EFHFRER
n FREHHBAURRRIT R EE. X ERA
ESBUERETERBHIRERET
" AMFSESHTRRERELHEE. 0
RAVFERIRBERS, WRTLUREH &4
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q. BFHRELRH

F

B SQLI2tFHEENX T UFMESZRELRH
o Note 1: [REZ&AIZFXERE (218) MEER, FTEHIMN—I1EFSH
. MySQL# T EGlobalfR =% 7l
o Note 2: IEIfRERARINITIHRIE. XPiLIIRFFEIFSEREEN
(At F < HIEDirty Write)

Oracle, MS
SQ'?@{S;\W‘” K 2 SH ik Al EEER AR
F =i = = =
=T & = =
5 o =
MySQLEKA AT Gl & &

Oracle R X FFR3ZIEFFT £1TiE, MySQLFIMS SQL Server# 3 I # w5 7|
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q. BFHRELRH

= MySQL
o BEIHEINMRRESLI
o IEPRBE LA

# set [ global | session ] transaction isolation level
Read uncommitted | Read committed | Repeatable | Serializable;

mysql> set session transaction isolation level read committed;
Query OK, 0 rows affected (0.00 sec)

+ T
1 row in set (0.00 sec)

> start transaction;
{, 0 rows affected (0.00 sec)

vsql> select * from account:

name balance
P —— S I +

lilei

hanmei 16000

ws in set (0.00 sec)

BIEERG KN 6 &M (jpg@ustc.edu.cn)



q. BFHRELRH

B RKIE3IE (JFiE) Read Uncommitted

o AVFIEENH I HE
o EF A LFFFEITH,

o SLfRDBMSH

P H &l
FiETE
=T

G- =4 <
Al BT

BIEERG KN

A—RAEH

Bk

| o o o

71 _E YR EL
AT IEE AL

A A EEER

I o fo Ao

&, TEHRESTCREXR

Ik

I fo| do fAo B
1
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q. BFHRELRH

B IE37i% Read Committed

o RIEEFATIEMBHMtbRIBRZFF IS BIBIE (A
LEBiis)
o EHWIIERTIAEIME LIS, HIE—Bikt, 5L
R A HISH
F= 2 20 Nk PRl A
FRTE = = =
R & = =
faEgE & & =
A H T & & o

BIEERG KN

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



N, BFHRELRH

fi 8] E1 HEHE2
1 Set transaction isolation
level READ COMMITTED
2 Start transaction
3 Select SNAME from S
Where SNAME=‘F 4’
4 Start transaction
£
5 Update s set SNAME=F41"’ /
6 Select SNAME from S
Where SNAME=‘F 4’
7 Commit
8 Commit

BAEE RGN A 9 &M (jpq@ustc.edu.cn)



q. BFHRELRH

m RA[EEi% Repeatable Read

o MIEEFSHEFSHNMURERNEAR—HE (ERE) , WElFE%
%g% Bl, SSEMEIRER, HttESA S SIELETEIRIARE
f&

o FAIESEAILBIIEARIEMA T ES IZE, BEAEERIEL &

o HFZFWIMEFTINIEIEIE LINSH, FrlbHMmEFSHE, mASHiw
MAFFEEFER

F= & A
FIRTE
=T

Al E S
Al H{TE

< A EEER A1

| T O o B

I I fo Ao
I o Ao fAo
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N, BFHRELRH

inpll EEA EE2
1 Set transaction isolation
W AT level REPEATABLE READ
2 Start transaction
3 Start transaction Select SNAME from S

Where SNAME=‘F 4T’
4 | Insertinto s values(s08,/F-4[" ,23)

5 Update s set age=22 where
sname=‘ik="
6 Update s set age=22 where HILZ] %R
sname=‘F 4’
7 / Select SNAME from S
A i e Where SNAME=‘FE 4’
- 8 Commit

BAEE RGN A 11 &M (jpq@ustc.edu.cn)



q. BFHRELRH

® T H1TIE Serializable
o IRIEESS AR R HLRY
o EFAEMNBIER, HttEFI Sz, WA gaAFxd
o EF{WIMFAFIAEIME LS, Pyt EMERFEHE, mESH WY

MRFFRIEFER

o EFTLMBUETIIARIE R
=3 iE FAESER AL
F AR E 2 2 2
R & 2 2
A ELE & & 2
DEET: & & 5
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N, BFHRELRH

inpll EEA 2
1 Set transaction isolation
level SERIALIZABLE
2 Start transaction
3 Start transaction Select SNAME from S

Where SNAME=‘FE 4’
4 | Insertinto s values(s08,’ F41.’ ,23)

5 / Select SNAME from S
i Y Where SNAME=*F 2T’
6 Commit

BAEE RGN A 13 &M (jpq@ustc.edu.cn)



q. BFHRELRH

- ;I?JJBE%&%UTDBMSM%)&E'\JEM’EE?W(EI'9
Fl
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T, %t$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

BIRERG RN 15 &M (jpg@ustc.edu.cn)



1. HiSEIH

t T1 T2
1 sL1(A)
2 sL2(B)
3 Read(A) Read(B)
4 xL1(B) xL2(A)
5 Wait Wait
6 Wait Wait
7 wait Wait
8 Wait Wait
9 Wait Wait
0 | e
BAEE RGN A 16 &R (jpq@ustc.edu.cn)



1. HiSEIH

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 F{Update Lock
9 Wait Wait

0 | ...

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



2. LR AP TE SRR

= 4540 Deadlock Detecting
o ¥MZIFSEE, FHREI

m JE$i7ifs Deadlock Prevention
o HE RIS E & I B 1L HH B 5E $3i

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



3. Deadlock Detecting

® Timeout #BAH}

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

= Waiting graph Z&E

BIEERG KN 19 &M (jpg@ustc.edu.cn)



3. Deadlock Detecting

= Waiting graph
o Node: Transactions

o Arcs: Ti — Tj, TILMEFETIBEBEFAFEHNESD

A RE

BIEERG KN

REEHAT

MR ERE

FIEIEIP B,

Ui B A T AE8

20
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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 ...... ...

BAEE RGN A 21 &M (jpq@ustc.edu.cn)



3. Deadlock Detecting

t T T2 T3 T4

1 L1(A); r11(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 L4(A);wait
8

L1(B);wait

t ;‘ Deadlock

BAEE RGN A 22 &R (jpg@ustc.edu.cn)




4. Deadlock Prevention

m 557%1: Priority Order

o (FEJEHINT SR AU SEFPIL ST IbFr fn£3i)
® 753%2: Timestamp

o ({EMHRTBER)

BIEERG KN 23 &M (jpg@ustc.edu.cn)



4. Deadlock Prevention

m 57%1: Priority Order
o HBZE 1N $ui B4R BE T F 3R K M HEFF
o BF R geiziR T = FRiF

BIEERG KN 24 &M (jpg@ustc.edu.cn)



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 T1: AB r2(C);w2(A)

11 B 2(A);u2(C

12 S AC R L4(A);L4(D
T3: B,C A1LAE)

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

14 U4(A);U4(D)

BAEE RGN A 25 &R (jpg@ustc.edu.cn)



4. Deadlock Prevention

u IRFF 0 AT AT B 5 B

Holds
\\\ A <

Wants ..

A

Impossible!

T2 BB L8 2 5, DA EREA LB

BAEE RGN A 26 &M (jpq@ustc.edu.cn)



4. Deadlock Prevention

B 57%k2: Timestamp
o BB F IR IE - — B[] &

o MK EHHZTH Rollback’A 5 HRestart, THIE][E)
HBAE

o THREK#TiFr ARV, RIETiIFTjRUtimestamp
R E FRYIZ T

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



4. Deadlock Prevention

® Wait-Die Scheme F&&F—% 1T

o TIER— T HUFF BRI
#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

BIEERG KN 28 &M (jpg@ustc.edu.cn)



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)
14 r2(C);w2(A)
15 u2(A);u2(C)
BAEE RGN A 29 &R (jpg@ustc.edu.cn)



4. Deadlock Prevention

® Wound-Wait Scheme {5=£ — %%

o TIEK— 1N #UFF BRI
@ 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

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



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)
BAEE RGN A 31 &R (jpg@ustc.edu.cn)



4. Deadlock Prevention

®= Comparison
o Wait-Die:
+ Rollback 2 2 & £ fEiFK ik,

X it ZERollbackiyE

Z12{ELLE L, {BERollbackiiEZHLSLLRE

o Wound-Wait:

+» % RollbackRt, ZERollbackiIEZELHEKEBTHI, B
AIREE EIT T BHCATE], EtRollbackiy=EZR{ES

%%, {BRollbackiy=E &#FmHAE: L,
KR ET S = FTiE Kk i

X AU BRIEE

¢ IERSFTWAITEZLLWOUNDEE &R, ERN—RIEAT
— M ESZSEIRKNSIE R — N RENESFS

BIEERG KN 32
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4. Deadlock Prevention

® Why wait-die and wound-wait
work?

o FRiIX T1-T2 —...... —TKk ->T1 [deadiock)

o Z*walt dle schemem, HEATI < TR A

©T1<T2<...<Tk<T1 -- Impossible!

o fEwound-wait scheme®, REHTi > Tj
A=A Ti—>Tj, FH
®T1>T2>...>Tk>T1 -- Still impossible!

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



Bie “sidnsl”
m FmRHLETR

o FEMI LIH] (Pessimistic) --- “FENSH”
¢ BT EATRGE S M3
* KABYIHISCIN, FH5ihnI BRI R I
o PiMFIFZmtEEE, BSHRFEH . BEHFENER

o FTMH%I=H (Optimistic) --- “FMsH”

o FMALIETBRENKTEE BAENAIEE) EZTHPEAESE
R, RIFAHEEMFREMRIITES. AFREESBIREN A
REZFRURAEERAENR. MRAENR, MAEFLIIEI
HEABRXZXHITER.
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RIF &A=

m Ff
o LockiXt X! MR KE

I EFERAIEES, W3

SREVBERECBUR; BIfEAInsi,

ARSI HER

Lock-free?

; MBIRMEFRESFEIR.

DBs use serialization and synchr

Logging data

Locking
24%

Locking rows of data

mization for consistency

Buffer Pool
24%

Latching

& Loading data from disk to RAM

24%

. Lucking buffered data

Source.: The White paper of VoltDB (M. Stonebreaker)

BIEERG KN
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RIF &=

n ETEENEHRENEE, B Rinn#Eet
ANngi; WNREZEASE, NHEEERFEA
SEE SRR

" HTATEMS, HFEs, ALAES

n BREMEMLERFZLE T H3E
o EA “BRIEFIA(Validation)”

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



RIF &=

¥R1E, ET)”'] RTi

BIEERG KN

37

n BRERAEIA Y
o BN EMESZTIEHAEHAHPIRUUIT=1ME

1T

¢ IEME: BIEHIEAZESTINEPEER. LA
writei{E&f I W BT E, HAWBIEEEMN

o BYHRIAME: THHTEUMRE, AERETLUF
wrrge?ad’ﬁﬁﬁﬁ%ﬁﬁ'lﬁﬁﬂigﬁ'ﬁ WIBREEM AN 1E /2 7]

* 5k : ETIREANMKEE, NFHITEFRNS R

&R (jpg@ustc.edu.cn)



RIF &=

B BUMKEERZE (BFZHED
o BT HIEE (1ThRA) MA
+ Timestamp --- MS SQL Server, Oracle
¢ Version --- MySQL, FEHOEiT{LiEH
o AFMWIN— version FE (int) ;
o LWiTEVHUERT, ERIX4 version FEE—iEiFEE ;
o JIERFEH—RIIFLLE I —;

o HITAZEHAT, FUTHIBEER PN ICZRIHBIARA
S5 2 kMM AS—8, MR —FN[TLL
BEEH, MEA—EHNrollback
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m BT {ThHRARS

o MS SQL Server{s 455k H:
ENE—HI8F

o %EI;@@DBTSL =

=

BB

RIF &=

HETH

i

S H & d=4] (MS SQL Server)

EBtimestamp (HIEE
T it #)

& [ P (£ F HY BB

o MNR—I1FRBE timestamp %1, N|ExH INSERT,
UPDATE = DELETE iZa){&—1T8, IiTHY
timestamp EF#HE NS AR @@DBTS H, AF
@@DBTS jn1l

o BREF| A LLLL B FH1TRY X AitimestampFuiiFtRiE BUATEY

timestampiE,

BIEERG KN

faE

EEEM
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RIF &=

B ET TR R H &I
o ﬁﬂ%ﬁ‘lﬂﬁtlmestampq—ﬁx, MS SQL Serverit
RS B IR RUH LT

& 3 A PITFRFFRRT, SQL Server{RE{THY AT
timestamp; HEFFRPEEF—ITH, SQL Server
AEFHBIEB AR IN—%WhereFq]

& WHERE timestamp?l <= <old timestamp>
> WRAHEHEF, MREHERES
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BAEE RGN A

RIF &A=

% SOL Fifsdras -

[#511] — keen?2. test. s. . .

0 STEE) RiE (R %ﬁﬂ @ I8RO #FOW @
é'ﬁrng b ﬂ > v » |Dtest jﬂEE’%’&
create table test col int, timestamp) A
Zo
inzert into test (col) walues(l)
ingert irto test (col) walues(2)
Z0
zelect % from test
Z0
declare my_curzs curaor for zelect col from test
Open my_Curs
fetch from my_cur
SRR L BT
update test =et n:n:ul 3
—— LR BT AT
update tezt zet col=5H where current of my_curs
cloze my_curs
deallocate my_curs w
¥
: vHE 18034, A 10, HIE 1, T T 2
iw B R, ETEikEET T AME T T IET.
: HE 16947, BRI 10, H3E 1L T 7
ol HERAE AT =
ZlE- v
¥
M Mg ED ke
EE DR BFEE = keen? (8.0) |za (61} |[test | 0:00:00 34T 4T 17, @l 14
EE: 1
M &M (jpg@ustc.edu.cn)



RIF &A=

% SOL Ematrss — [&Ei#H — keen?Z. test. s. . .

W ) REE TEE TAO FOW FE@
évﬁng v « b |Dte5t

create tahle testi(col int, timestamp)
z0

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

z0

col timestamp

I (x00000000000001491
2 O=x00000000000001%2

™ Fts [EH A |

HEW D TR EEE keen? (8.0) |za (511 test  0:00:00 Grid #1: 2 T AT 1. # 1
EE: |

BAEE RGN A 42 &R (jpg@ustc.edu.cn)



R H E =% vs FEMH &4

n AR HF LT H -

o BHRIFZBISENsH, HRIESTREM, JoiEER It
. EEEMENNHAER

B SRWH LI
oﬁﬁZme%,nﬁ%hxﬁ?#§ BEE

TERR. EREMENNRATR
o EEMEIHRT, HENE, FHAENERER
, LLETIEAS a0 E 2N 3
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* DA FH % HIMVCC

m 5—HLock-freefyH L ITHIFAR, ETHTE)E
m AJASEIPHEERYIE, BRiIE-TH3E (FRUWHE
B )
o fim: El, EAEARZFER; BB TUndotxE
o TR : (BT, #E: F'Pd EE NN EY; SN
S HISNE =S ENR

MW T1: Read(&itime), no wait
2 s1 23 /

Rose
3 S1 Rose 24

append a new version

JRF 5 #rtime

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




B H&ER{E)HM

= AR ST EY
o AJRIAE
o JHZER] &5 14 K FI By

m HiSA RS
o 2PL
o IR : X, S\ U
o R i 5 R o]

= EZHEES

m FEi
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