Concurrency Control




Databases protection

E &3P : HEERFORG IE S HEER T MBIF, BERBIBERET
X&F& FE BRI FER RIS
E

R IPIEE U4 75 TH R ST
BIBERIRE SR [Chp. 17]

+ Deal with failure

3%? #&nﬁ}%

©

FRIEHIFR [ Chp. 18 & 19]

+ Deal with data sharing

©

o SEEMEIFHIFA

¢ Enable constraints

o REMEHIHAR

+ Authorization and authentication
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Concurrency Control

T 2 ... Tn | ZSARSHEBNFINESENEERER,

\ /R/ QMR GRIE SR B R — 2182
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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FEARS

 HEBRIESH X EIRE

B HARFAESH R
(Scheduling and Serializability )

m HiSA RN (Locks)
n EEHIRESRA

= ZE

n RUHZ
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Advance

—\ HALBEMH LA

n HEEF

° E%HiF'DBs:: NRZA A RRERF G

_&;

iR

TERAERMR P+ % 134

o ARBIEESNESFZEAREERETR, WFEFSHESE (

Isolation)

o DBMSHIHLZIEFIFRGEHH/IMAHLEZHIIT, FIEREERN—

, BEAENIERBEIE

D HEABRMERESSIE=K0E (EXAFLHHE)

o EEH (Lost update)

o JEiE (Dirty read / Uncommitted update)

o ~A—E 44 (Inconsistent analysis)
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1. E5LEHio)E

fif ] HET1 HET2 Bl B AR E
1 1000
2 Read(A,t)
3 Read(A,t)
4 t=t-100
5 t=t+100
6 Write(A,t)
7 Commit 900
8 Write(A,t)
9 Commit 1100
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HENTERELEFHRH

HET1

Advanced Database Technologies

Bt [F HET1 HHT2 g E P AKE
1 1000
2 Read(A,t)
3 Read(A,t)
4 t=t-100
5 t=t+100
6 Write(A,t)
7 Commit 900
8 Write(A,t)
9 Commit 1100

B P IR 554
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B ELE o)A

Step T1 T2
1 reRd(A. 1), t=1t+1

2 read(A, t), t=1t+1
3 write(A, t)

3 write(A, 1)

4 Commit

b Commit

[ Lost update
RRRZESBMNERE

y

DANGER

IR AE

DO NOT OPERATE

A Critique of ANSI SQL Isolation Levels.

Advanced Database Technologies

Step T1 T2

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

2 read(A t), t=1t+1
3 write( A, t)

4 write( A, t)

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

7 Commit

8 Abort]

/
| Dirty write

T Rollback G H AR Z FFHH B L3
BIF T T2 EF1

DBMS 1 A~ 5t 1 L ER Dirty write
HEERMER THERXPIRBEITSLER

:1-10

&3 (jpq@ustc.edu.cn)


https://dblp.uni-trier.de/pers/hd/b/Berenson:Hal
https://dblp.uni-trier.de/pers/hd/b/Bernstein:Philip_A=
https://dblp.uni-trier.de/pers/hd/g/Gray_0001:Jim
https://dblp.uni-trier.de/pers/hd/m/Melton:Jim
https://dblp.uni-trier.de/pers/hd/o/O=Neil:Elizabeth_J=
https://dblp.uni-trier.de/pers/hd/o/O=Neil:Patrick_E=
https://dblp.uni-trier.de/db/conf/sigmod/sigmod95.html#BerensonBGMOO95

2. fEiEio)E

fif [ HET1 HET2 B ARE
1 1000
2 Read(A,t)
3 t=t-100
4 Write(A,t)
5 Read(A,t)
6 Rollback t=t+100 900
7 Write(A,t)
8 Commit 1000
Q&R : RSERFREH 7 (BRRREREE

Advanced Database Technologies
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3. x—ﬁﬁﬁ'l‘ﬂﬂ

I | WET FHT2 o
1 Nonrepeatable read
2 Read(A,t) Read(B,t) EEMNENNIREETS
3 t=t-100 e update:k‘%‘delete?
4 Read(A,v)
5 Write(A,t)
6 Commit P Read(A,v)=?
7 Sum=t+v S SumZ;IEEﬁjEE
_ EfRL B E
8 Commit

A—H ol F55E ISR, FARSRERENISRIRS

Advanced Database Technologies
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3. x—ﬁﬁﬁ'l‘ﬂﬂ

Fif 8] HET F%T2 LRiE

Phantom read

Sum=t+v S I Sum*%wﬁ
FEscPRL B ME

1

2 Read(B,t) BSPIERIRYENHE
ABHEEEES

3 insertigEE 7

4 t=100 Read(A,v)

Insert a new C
......... > 5 Write(C,t)

6 Commit

7

8

Commit

A—H ol F55E ISR, FARBIERENISIIRS
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4. FHLIEFI e ZM TR ?

n —M5E

o ILFTBEESF— 1 — 1 BITRIT
s —PMEEEPITHETES REESE
s FHENFBRGER, BERT

" H—ME
0o AT RN ZEDBMSEEHREHITR, NAFESZSAIBIIESRIEH
ZIT
o HEAk

» MIRIESEFHEAPTHIERYE; SR IERGZAENTESNHABRE
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—. VAE (Schedule)

Example

T1:

Read(A, t)
t <« t+100
Write(A, t)
Read(B, t)
t <« t+100
Write(B, t)

Constraint: A=B

Advanced Database Technologies

13

T2:

Read(A, s)
S ¢« Sx2
Write(A, s)
Read(B, s)
S ¢« Sx2
Write(B, s)
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—. @E (Schedule)

Schedule A

T1

T2

Read(A, t); t « t+100
Write(A, t);

Read(B, t); t « t+100;
Write(B, t);

Advanced Database Technologies

Read(A, s); s « sx2;
Write(A, s);
Read(B, s); s « sx2;
Write(B, s);

14

A B
25 25
125 25
125 125
250 125
250 250
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—. V8E (Schedule)

Schedule B

Tl T2 A B
Read(A, s); s < Sx2; 25 25
Write(A, s); 50 25
Read(B, s); s < Sx2;
Write(B, s); 50 50

Read(A, t); t < t+100

Write(A, t); 150 50

Read(B, t); t « t+100;

Write(B, t); 150 150
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—. @E (Schedule)

Schedule C

T1

T2

Read(A, t); t « t+100
Write(A, t);

Read(B, t);
t <« t+100;
Write(B, t);

Advanced Database Technologies

Read(A, s); s « sx2;
Write(A, s);

Read(B, s); s « Sx2;
Write(B, s);

16

A B
25 25
125 25
250 25
250 125
250 250
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—. @E (Schedule)

Schedule D

T1 T2

Read(A, t); t « t+100

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

Read(B, t);

t <« t+100;

Write(B, t);

Advanced Database Technologies
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A B
25 25
125 25
250 25
250 50
250 150
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—. @E (Schedule)

Schedule D

T1 T2'

Read(A, t); t « t+100

Write(A, t);
Read(A, s); s « sx1;
Write(A, s);
Read(B, s); s « sx1;
Write(B, s);

Read(B, t);

t <« t+100;

Write(B, t);

Advanced Database Technologies
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A B
25 25
125 25
125 25
125 25
125 125
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1. BAEREN

= B
o ZNEFHILEHRIERITEHFIMITHFS
T1:r1(A) w1(A) r1(B) w1(B)

T2: r2(A) w2(A) r2(B) w2(B)
Sc = r1(A) wi(A) r2(A) w2(A) r1(B) w1(B) r2(B) w2(B)

Note
o HEPEHNEFHILERIERFFIEKINFF

Q g%ﬁigﬂq$%$
o BIEERNPIHRIRTS (Initial state)

» BE%HIIE X (Transaction semantics)
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1. BERNENX

" ST EFHNHLPITFESHRELGR

Advanced Database Technologies

Example:
Sc=r1(A) wi1(A) [Z(A) w2(A)) [1(B) w1(%) r2(B) w2(B)
Y Y
Sa=r1(A) w1(A) r1(B) w1(B) r2(A) w2(A) r2(B) w2(B)
g AN J

N N
T1 T2

What is a correct schedule?
And how to get a correct schedule?

20
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2. AR {LAE (Serializable Schedule)

B What is a correct schedule?
o Answer: a serializable schedule!

m BITIEAE (Serial schedule)
o BENESZZIERBEMEIERERIIT, FHF—IT—TIT
©oS=T1T2T3...Tn

® Serialzable Schedule

o MR_MBEMERSK—STREATHERSY, WHLRERTH LR
11! EFIIJIETT':zﬂLZ
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2. WELRE

= 7] BAERIEfRTMYT
o Consistence of transaction: ENESHNHITRIEDBMA—1—E
RSTUHE S —P—BRE
o NMNEFRITHAEBIITIRIE Consistence of DB

: Serializable
schedule

Advanced Database Technologies 22 &EA (jpg@ustc.edu.cn)



B Is a schedule a serializable one?

o We MUST

4+ Get all results of serial schedules, n!

2. WELRE

4 See If the schedule is equivalent to some serial schedule

Advanced Database Technologies

Too difficult to
realize

> Other approaches?

23

ays

MRl R
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3. *3ERT & (conflict serializable)

m Conflicting actions
o Say
®ri(X) : BE TifiEXIE(E (Read(X, t))
SWi(X) :EE TN BEX#E{E (Write(X, t))
o MSEHRME

f(A) w2(A) wi(A) ) BRE—MIEETE, }
| #EZESE—ESHME

w2(A) r1(A)  w2(A) A
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3. *h3ER] £ (conflict serializable)

m Conflicting actions

o NRFE P —XMEERIERMRE, MERFWRENBIRITIRFFZ
#, WELIRBHP—PMESFSHREZIITER

o IR ELBRIEA MR, WIATLAFE VR B P 32 #RI5FF
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3. MSEN[HEN

Schedule C

1

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

Advanced Database Technologies
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3. MSEN[HEN

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

N

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

NS

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)

NS

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

N Y,
~ ~ ~ =
T1 T2
Schedule A

Advanced Database Technologies 27 &EA (jpg@ustc.edu.cn)




3. HERHY
Sc = r1(A) wi(A) r2(A) w2(A) r1(B) w1(B) r2(B) w2(B)

E—PSESAURIEE BTSRRI SR
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3. MSEN[HEN

Schedule C W EARIBI25

T1 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;

Write(B, t); 250 125
Write(B, s); 250 50

Advanced Database Technologies
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3. MSERHK

= HZEE{ (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 H3ER] B4 (conflict serializable)

o A schedule is conflict serializable if it is conflict equivalent
to some serial schedule.
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n EHE
o MIR— AR HENRAT R, NiZAERR S,
® Note
o (NAFTHFH

i
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4. H5:E (Precedence Graph)

m L5k E BT h5EA] &M a) ¥
n LB
o /R (NOdE): =8
o B (Arc): Ti»Tj, BETi <, Tj
¢ FETIPRREALATIHERIEA2, HE
¢ A1fEA2ET, #H
o A1FNA2 2 HhSeHE(E
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4, HhecE

Example

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




4, HhecE

Example

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




4. oM

m B SHE R

o HE—NMAES, HWIESHIMEEIP(S), EP(S)F LI, MSHEH
227 i

o WERA: VAYE

¢+ see "H. Molina et al. Database System Implementation”
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Next

 HEBRIESH X EIRE

B HARFAESH R
(Scheduling and Serializability )

= SS5ATEMSEH (Locks) <
= EEHFREELS

= FE4

n RUHEZEF
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=\ iSRS

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

= How to get a serializable schedule?
o Using locks

BENHERES, BE—NABUEE
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1. 8

T1 sz

l
lock
scheduler fable

-

Two new actions:
lock (exclusive):l. (A)
unlock: u; (A)
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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) .........

anced Database Technologies 39 S (jpg@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)

g

Well-formed but
illegal
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2. FAESi(2PL)

® Two Phase Locking

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

| |-
< L~
<

no unlocks no locks

1. SSEWNMIASIEHITIES ZRI, BhERS %z LRI
2. ERM—IMMZE, FSABIREETH

The Notions of Consistency and Predicate Locks in a Database System. : 624-633 (1976)
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2. FAESi(2PL)

# locks
held by
Ti

. Growing __ Shrinking

/ Phase Phase

{Get locks but not \

not get locks

Release locks but
release locks
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2. FMESi(2PL)

 BERES: HT2PLIMHNES
= I
o MR—MAESHHFAREBRALRES, WiKBERTHL

-4

™

Serializable Schedule
T2 .| Using

2PL

Tn ——
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2. FMESi(2PL)

B IRESTAEEEX, hemmsi, mERMSIZaEER
FTEXNXEE, RMBERENFF &1

m RRFE
o IIAANEIRISH, FHENEIRIEXK

+ S Lock

+ X Lock

4+ Update Lock
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3. X Lock

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

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

:

Advanced Database Technologies
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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)

Advanced Database Technologies
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A B
25 25
125 25
125 125
250 125
250 250
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3. X Lock

m XfiiRft T X EFHERIER IEfRIE TR
 BNIREFERIEES, NFLHENXH
o E—li&

o IE—HE

&5 (jpg@ustc.edu.cn



4. S Lock

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

B SHi: MRFSTHEHIERM TSHI, MEEESIRAIXIF
KABERRTH, (BEXREISHHIEKRAILIRIN. XMAFRIETHEE
FALUERR{IBEAGEIEKR, EEIESTHEHSH . HEHSHKE
SHifE, MREMHBERFEITEL, MNATIERBTINIT
Upgrade(R)#R{E, 1FSHIHZKFXHi,
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4. S Lock

S/X-lock-based 2PL

1. EEEEINERTVLALIKESH

). ERETHMERIIVLAEREXS. MEZESE
EAR RIS, MABIESHF S HXE

3, ﬁu%E%N%ﬁE@i%ﬂ%A%SE;ﬁeg%Eﬂﬁm%ﬁz:
HE muiEs, NESHNSERES, BIHTE
SRR

4, —EBH—A, RABEEREMS
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5. Compatibility of locks

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

m N: NO, Zz*ﬁ%?ﬂ"ﬁ%ﬂ?
mY: Yes, HERIFK

" MRBNUAEE, WERLBHERNE
FBWMER
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6. Update Lock

Example
t T 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 ...... ...
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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

Advanced Database Technologies 53 S (jpg@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
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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
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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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