Transaction Processing (II)

Concurrency Control
S ——




Databases protection

m HIEERF iiltllﬁullﬁu:%%rhﬁ&ﬁ TR, BRBEERET
£z, u&?"%z BEIBRER RS
r BEEARTFBEEEAN S ERSEN

HIRERRERR [Chp. 17]

+ Deal with failure

- iEHIER [ Chp. 18 & 19]

+ Deal with data sharing

o SEEMEEHIZA

+ Enable constraints

o REMIEHIHA

+ Authorization and authentication

©

©
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Concurrency Control

T 2 .. Tn | ZSARSENFINRSNEEEER, W

\y//L\<<: RIEEHERERY—21E?
o FEIKEH Lost update

~ :
o BHiE Dirty read
DB o A—E92Hhr Inconsistent analysis
(consistency + ABJESIE Nonrepeatable read
constraints) + £Ji&i% Phantom read
N L
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FEARAS

B HAESAESAS M
(Scheduling and Serializability )

m PiSA RSN (Locks)
B RWHL$=H (Optimistic CC)
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m HELAE (EiR “BAE” )
o ZNEFZNEER{EIRATEHFBITHFS
T1: r1(A) wi(A) r1(B) w1(B)

T2: r2(A) w2(A) r2(B) w2(B)
Schedule = r1(A) w1(A) r2(A) w2(A) r1(B) w1(B) r2(B) w2(B)

B Note
o AEPENEFZNLEIRIEFRFFIERIF
o BHRAENAEIE
o BIBENAIARE (Initial state)

» BEHHUIE X (Transaction semantics)
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I ENESHAZITEESTEELGR

Advanced Database Systems

Example:
Sa=r1(A) wi(A) (Z(A) w2(AJ) (1(B) w1(B) r2(B) w2(B)

=
Sb = r1(A) w1(A) r1(B) w1(B) r2(A) w2(A) r2(B) w2(B)
\— 2N /

~ ~
T1 T2

What is a correct schedule?
And how to get a correct schedule?
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® What is a correct schedule?
o Answer: a serializable schedulel!

= S{THE (Serial schedule)
o BABEHLERAETRERENIGT, BE—— AT

0oS=T1T2T3...

m Serializable Schedule (HAJE
o MBR—MABHWERSE—-

Tn

L:E! I)-"JIET_I:

Advanced Database Systems
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LR
EHPATHESREFN,

WFRZBE = A =1L
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= AEAIREMEm

o Correctness of DB: ENMEFHMITHRIEDBMN—1—H M RESTEHEF—1
— MRS

o NNMEFRITHEENITIRIE Correctness of DB

Transactions —» — Serializable

schedule
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o We MUST

B Is a schedule a serializable one?

+ Get all results of serial schedules, n!

+ See if the schedule is equivalent to some serial schedule

Advanced Database Systems

Too difficult to
realize

> Other approaches?

ays

{1 R B A

M (jpg@ustc.edu.cn)



=\ MER RN

m Conflicting actions
o Say

®Li(X) : 2% TityiEXERIE (Read(X, t))
SWIi(X) : =% TilEXIR/E (Write(X, t))

o HZEH(E N
) A
r(A) W2(A)  wi(A) LR, FFEL
I I AN — P RERIE )
w2(A) r1(A)  w2(A)
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1. #oERME

m Conflicting actions
o !lu%ﬂl’“ﬂ—ﬁx_éihd’ﬁzaﬂjeﬂ’] N ZREMRENVPITIBRFZHR, MZE

/|\A~

o ﬁﬂ%ﬁ’w

Advanced Database Systems

E

LR — P ESHRENITER

ECEHRIEA AR, WA EAZE)

-
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Schedule C

1

1. #oERME

T2

Read(A, t); t « t+100
Write(A, t);

Read(B, t);
t « t+100;
Write(B, t);

Read(A, s); s « sx2;
Write(A, s);

Read(B, s); s « sx2;
Write(B, s);

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

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

Advanced Database Systems
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1. #oERME

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

» 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) w1(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)
\ 2N %
Y Y
< T1 T2

BT RE: T1-T2
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1. #oERME

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

N

8 — R FHRMEL RS R HRRIGF HSERAE
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2. FPSET]H

m H3EFEM (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 H3EF % (conflict serializable)

o A schedule is conflict serializable if it is conflict equivalent to some
serial schedule.
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3. {i5cE (Precedence Graph)

m PUSTE T ASER & 1 aY ] B

8 ﬁuﬁbléﬁﬂ
£ (Node): EH%E
o «Er'jl_ (Arc): Ti->Tj, BETI <, Tj
+ FETIFARIEALITIRARIEA2, HR
o A1 A2EI, HH
o A1FNA2Z IS HRIE
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3. i%kHE

Example

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

Advanced Database Systems £ (jpq@ustc.edu.cn)



3. i%kHE

Example

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

Advanced Database Systems £ (jpq@ustc.edu.cn)



3. i%kHE

n fhocE S

o H[{E—A

ZS, HiESHILEEP(S), EP(S)H

o MERR: VA4H%, see chp.18

Advanced Database Systems

AT, WS;

RE

B PSER]
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=\ AT Sk

m s5FopsEA s, {BAIRIEERRY AT &4

Conflict equivalent View equivalent
Conflict serializable View serializable

—
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1. View Equivalent

T1:
T2: r2(B) w2(A)
T3:

ri(A)

r3(A)

wl(B)
w2(B)
w3(B)

S1=r2(B) w2(A) r1(A) r3(A) w1(B) w2(B) w3(B)

Precedence graph W

Advanced Database Systems

T

Not conflict serializable
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1. View Equivalent

T1: ri(A) wl(B)
T2: r2(B) w2(A) w2(B)

S1 T3: r3(A) w3(B)

S92 T1: ri(A) w1(B)

(serial) T2: r2(B) w2(A) w2(B)

T3: r3(A) w3(B)
In $1,S2:
Both T1 read same A,B Final state:
Both T2 read same A,B A: T2 writes :'|> S1m] & !
Both T3 read same A,B B: T3 writes

Advanced Database Systems £ (jpq@ustc.edu.cn)



1. View Equivalent

= INR¥zEconflict serializability, S1f A&, SEfr ES1AE
o Conflict serializability 3T ™%
o View serializability fRix—a)fh
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1. View Equivalent

Definition |  S11S2 £ =555 i SR AE B IR AR A )

m FESIAS2MEE, MR
o (1) IfinS1: wj(A) = ri(A)
then in S2: wj(A) = ri(A)
o (2) If in S1: ri(A) reads the initial DB value,
then in S2: ri(A) also reads the initial DB value
o (3) Ifin S1: Ti does the last write on A,
then in S2: Ti also does the last write on A

wj(A) = ri(A): wj(A) ............ ri(A)
a_l
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1. View Equivalent

Definition

® Schedule S1 is View Serializable if it is view
equivalent to some serial schedule
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2. mﬁl$ VS. FP%W*

m Difference

T1:
T2: r2(B) w2(A)
T3:

r1(A)

/

w3(B)

Can not swap in conflict serializability!

aw |
7_/

Can swap in view serializability!

Advanced Database Systems
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3. Polygraph

m NETREHIE: ZEE (Polygraph)
o XTHEZ, EPolygraphALP(2)
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3. Polygraph

® Node: EH1+EBENESTOATSE
m Arcs
o H% (GIFTbHMTF) Zig

(1) TbxIFrEDBIt RMITE#R1E, #IpkDBHIIGIRS
(2) TFiEFTBEDBILE, FE|DBAS
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3. PO'YQ raph

(3) EiiArcs
(3a) If wi(A) = rj(A) in S, add Ti > Tj

Advanced Database Systems £ (jpq@ustc.edu.cn)



3. Polygraph

(3b) For each wi(A) = rj(A) do
consider each wk(A): [Tk #Tb] k=i, ]
- If Ti#Tb A Tj #If then insert

Tk 2 Ti some new p
Tj B Tk
-If Ti =Tb A Tj #If then insert
Ti S Tk
-If Ti #Tb A Tj =Tf then insert
Tk S Ti

—
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3. Polygraph

—1, #FH#EPolygraphsfifR, 0
ReEfEPolygraphpi A EIFE, N FAESEMERIE

(3¢) WFEF—%t Ti D Tj, i%E

Advance

d Database Systems

1 o

2L/ (V-S)
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3. POlyg raph

Example check if Qis V-S:
Q =r1(A) w2(A) w1(A) w3(A)
Q" =wb(A) ¢ r1(A) w2(A) w1(A) w3(A) T rf(A)

T1 rule 3(a)
/ \O rule 3(b)
0 rule 3(b)
Tb o T2 Tf
o)
T3

Advanced Database Systems £ (jpq@ustc.edu.cn)



3. Polygraph

L
U

Example I /
Z=wb(A) =r1(A)w2(A) =r3(A) wil(A) w3(A) =rf(A)

{

T1 rule 3(a)

0 ;o rule 3(b)
} : rule 3(b)
Tb o 12 Tf
1 0
\ <OJ /
do not pick \T

this one of “1” pair 3 LP(Z) acyclic, so Z is V-S

(equivalent to Tb T1 T2 T3 T¥)
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v S

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

= How to get a serializable schedule?

o Using locks

& En 3

5%, AR ARE

Advanced Database Systems
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T1 sz

l

1. 8

scheduler

lock
table

Advanced Database Systems

-

Two new actions:
lock (exclusive):
unlock:
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Ti=

2. FMESi(2PL)

® Two Phase Locking

cennnne li(A) suvnnnnnn...

no unlocks

Ui(A) teeers...

no locks

. EHEXMEMH

YESTRE

2. EEM—HiZE, BFSAHRGEMD

& E Ry

BT

'~

EEZH, BEER

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

Advanced Database Systems
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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. FAKrEBi(2PL)

# locks
held by
Ti
Time
. Growing __ Shrinking X
/ Phase Phase
Get locks but not ) Release locks but
release locks ) not get locks

Advanced Database Systems £ (jpq@ustc.edu.cn)



u E..u

Q !lﬂ %_/l\ﬂ%

Advanced Database Systems

2. FBHrE8I(2PL)
B BEAESS: BF2PLIMUNES

™m —

2 ——

Tn —

Using
2PL

ESTHFBEFSEHMERENES, MWZFERHRA S

Serializable Schedule

Kt

&SI (jpg@ustc.edu.cn)



B NRESTHEEEX,

2. FMESi(2PL)

WA, T

X#AE, HRBEENF LT

u BREE

o gl)\/I\ H.E,‘J'i-q %

+ S Lock

5 IE >

1K

¢ read Z IS Ik 15 SHI
o ZNEFALIERRNFE— IR LRS! (share lock)

+ X Lock

BRI Z A RS TEN

¢ writeZ Bl REXH, HERHESH!, Mupgrade
o —NEHE_ ERXBiKIT R BEEH— 1N EBFE (exclusive)

¢ Update Lock

Advanced Database Systems
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Example

Advanced Database Systems

3. 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 ...... ...

&M (jpq@ustc.edu.cn)



3. Update Lock

® Update Lock
o MRFFHE THWEREMEFMM, MATLLHER, HARLAZELUGHRIXH
o BRAIRYSHIA BEFA R AXHI

o WMREFHIF TRLEMUpdate Lock, NEETESZTEESEIRLAISHI. XL
A Updatesii

o MNRESKEHEETRLEMS Lock, NMETESTLIIKER I Update Lock

Advanced Database Systems &M (jpg@ustc.edu.cn)



3. 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

Advanced Database Systems £ (jpq@ustc.edu.cn)



Where are we?

m AESA N
m SR RS
o 2PL
+ S Lock
¢ X Lock
+ U Lock

o Multi-granularity Lock 2z % B §i } >
Next

o Intension Lock = [a)4ii

Advanced Database Systems &SI (jpg@ustc.edu.cn)



4. Multi-Granularity Lock

® Lock Granularity

o FEAMFHAIBIIEXTREIA /)N
« INRENXR, R A, BIERS R3IH

" BINEHA, AXEES; SIREEHE, FAEERE

Advanced Database Systems &M (jpg@ustc.edu.cn)



4. Multi-Granularity Lock

m ZRIEH: FETX:

FE WA FRIHIRL

Advanced Database Systems

>Z

Multi-Granularity
Tree
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4. Multi-Granularity Lock

u RN

o ATFZNEMPHENERWMAIMINSHDXW, WRNERMBEREE
B4R T R3RE R

I
7

Advanced Database Systems £ (jpq@ustc.edu.cn)



4. Multi-Granularity Lock

o B i: NESZHIBEKE! %ﬂﬂﬁﬂ?ﬁl

EXT R _E B

o [REUM%: RFRBHWENMB, 1B

Al EL

o BH—ANER BN INPIETAIE &
¢ ZERERERAITHRFEE

FELE =N T i

¢ FREREEEATERNNY (LESRSBERBEA RS

¢ IA TERSERPEEGFETHENE N

Advanced Database Systems

{56 25038 3T SR 45 o 0
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4. Multi-Granularity Lock

B EXN—PMERPIEKRGIE, »IFHIEZER EREFEASEERBI
o AR gERP LR i
o L EFHEERPH EEESSHBHIFER Bi

o EAARERPH TEESRPEFENRNTEAH
n Mg FPRER FEEHBATRERR, T aEMEPLRIBIFKEEER I

o EARRILAY
o FIAE % (Intension Lock) R It o) Rk

Advanced Database Systems &M (jpg@ustc.edu.cn)



5. Intension Lock
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5. Intension Lock
m IS%i (Intent Share Lock, E=[g)d

EE i, BEEIEH)
m IX$i (Intent Exlusive Lock, =EHEHi, =ES§H)

Advanced Database Systems
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5. Intension Lock

B NMEXFNENELMIS(IX)5, MiRPPAEZEMNZERNENTESR
RS (X)%;

m SHE—LESPIS(X)Hi, HAMEITMNIRE RBPRHEE ERFABEE R
INIS(IX)4

Advanced Database Systems &M (jpg@ustc.edu.cn)



5. Intension Lock

Want to exclusively lock t1

Advanced Database Systems £ (jpq@ustc.edu.cn)



5. Intension Lock

Want to share lock B1

Advanced Database Systems £ (jpq@ustc.edu.cn)



Where are we?
B HAESEAESTHMY
(Scheduling and Serializability )
m PiSA RSN (Locks)
» S LES| (Optimistic CC) <
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BiRH R IEH!

n BLeH L ER{ERTERHSERT?

o H-IX @ -
0 E-F @

o H-im g
o 5-E @& ~

= KM
o I A
o PIREFMAM
o Fmi. iE B

Advanced Database Systems

:EJ ~

-

Ik I - g kD

I\ 4,

BER A7
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[
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7 RBHEES

. {

n FAFHLZET R

o FMHAEEH --- “RAH”

o FRHELEZFFIBREAKTGE (BARAAHE) ESNMRAPELXEFIFENR, LITFABEEM
FABEMBPATES . AANEENHBHAREFRUBERBLENR. MRLENR, M
RERFL RN REABRXSRHITEL.

¢ MRAMAEFSHERRES, WHZBRERILBAR; BMEAMBE, BAIWIFHEE
H—BE; MBRMRERESER

¢ “SEFmME, SHHhE”
o FEMMHL1EH --- “FEM "
¢ M ETEEMBFEFH5E
o RGNS, EHHEBEITHEREH
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7 RBHEES

n ETERENRENEE, HPRRBERA M ; MREZEARE,
3385 RS PSR 55 T AR

" ETIEATEmMS, EAERD, FERES

n BEREREMEEIZLE T HE
o EA “AMi4AIA(Validation)”

Advanced Database Systems &M (jpg@ustc.edu.cn)



N FRFEEG

. BRIERRIAEYL
o BNEMESITIHEEEGAMPZUT=1HrERIBFRNIT

o B MEEEANESTINENERS. EEFEwite B ERHBRTR, HF5
BIREE B

o BYMEAGE: TIRITAIMRE, FEERAISwrite R MEMEMRNEREERESE
HamEEm ANE R 7] & 14

+ BB ETIESARKRE, WHITERNERERERIE, BN EXTI

Advanced Database Systems &M (jpg@ustc.edu.cn)



7 RBHLES)

" FEMRERZ (F2HED
o ETITHRAMAR

4 Version --- MySQL
+ Timestamp --- MS SQL Server, Oracle

o ETEHEBRAR
+ MS SQL Server

Advanced Database Systems &SI (jpg@ustc.edu.cn)



7 RBHLES)

B ETIThHRABNFRMH EZZH] —1iMs sqQL server i
o MS SQL Server R FIEEFR P EH FUH L iEH]

SQL Serverst i hni I

READ ONLY

OPTIMISTIC WITH VALUES: # T8 LB 1) S W H: & F 41
OPTIMISTIC WITH ROW VERSIONING: 3B 8] BR i) 55 W0 3 & 15451
SCROLL_LOCKS: FEM 3 & x4

Advanced Database Systems &SI (jpg@ustc.edu.cn)



%

o £F%
o R—IREE timestamp %!

g

7 RBHEES

B ETIThHRABFRMH L 1EH] —iMs sqQL servers i
o MS SQL Serverfs

Bl #0)
E@@DBTSIR

FIRH

BT

E‘ P4
. NS K INSERT. UPDATE I

EXHtimestamp (HIEESCEANE—RS

& Ja 3£ A RO B 1E) B B

DELETE i5@{&t—17HF, I1THY timestamp {EFL#E J3 AT

@@DBTS {H, A/ @@DBTS i1

o BR%5=a Al LALL B FE1THY S aitimestampFliiztniz BNETRYtimestamp(HE,

fhE = EH

—

Advanced Database Systems
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7 RBHLES)

B BT ITHRANERMNHLZIETH] —iiMs sqL serverk i

o HHA T HiFirR], SQL ServerfzEITH Zaitimestamp; ZHZEHFIRTF
HEH—1TH, SQL ServeryEFHHHEBZAIM—FWhere+f]

o WHERE timestamp?l <= <old timestamp>
o MRAFHEFE, NMMEHEIRES

Advanced Database Systems &M (jpg@ustc.edu.cn)



N RWHLES)

% SQL i iiras
B ST (F) RIS (E) %aiﬂ (@)

TR

[ — keen?2. test. s. . .
O (W)

FEEH (H)

BT

~|#EE R

2 vz [ &l i B - | & b |Dtest
create table test (col int, timestamp) ~
o
inzert into test (col) walues(1)
inzert into test (col) walues(2)
o
zelect # from test
Zo
declare my_curzs curzor for zelect col from test
OpEn My_Curs
fetch from ITI'% urs -
-~ FE—FTEdrs BT
update test =et CP_1=3
——TE T BT AT
update test =et col=H where current of my_curs
cloze my¥_curs
deallocate my_curs L
L >
B = 2
AE5-25: 7H.E 18034, HAI 10, H3E 1, T 7
RS A T AN BTEbET S 2T TR T .
fEss: BB 16047, £HR1 10. 3 1, 4T 7
o B AT B AR A AT T -
IE A e k. v
L >

T E TR ER iR keenZ (8.0)

za (81} |[test

0:00:00
ERE:

39T AT 17, F| 14
1

Advanced Database Systems
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N RWHLES)

€ SQL Ao Hres - [Eil] — keen2. test. s. ..

W ST REE EEQ LRI FOW HHE
I%Tﬁ'ng B« |« b |Dte5t

create table test(col int, timestamp)
z0

insert into test(col) walues(l)
insert into testi(col) walues(2)

Z0

col timeztamp
IS (1 0000000000000191
2 [0z0000000000000192

mlz - B
HEWETER, BEHE keen? (8.0) |za (51) test | 0:00:00 Grid #1: 2 4T 4T 1. 7 1
EE 1
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m ET{ELLBRIK
o MR FTHZxB/timestamp?l,

B

7 RBHLES)

M H & 1=H]—MS SQL Server
SQL ServerfEfinH & hiGRAETELL

o MRHPFPHERER—1T, MLTHIERSKRE—
HI{E -‘rtlsisz ﬁﬂ%ﬁ'sﬂﬁﬁ* B &

1T,

Advanced Database Systems

2R

>, MARSFRMSAEE
PMEIR. MRER—HR, RBFIRAITIEZ.

Xt UL 1T IR EY

L ABEHT
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HEEE
SR 14
e
ET R FH &= H
RMH &2
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