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Concurrency Control Using the Update Graph
in Replicated Database Systems

Hee-Young Choi' - Guee-Sang Lee' - Bu-Hyun Hwang'"

ABSTRACT

Replicated database system was emerged to resolve the problem of reduction of the availability and the reliability due to the communication
failures and site errors generated at centralized database system. But if update transactions are many occurred, the update is equally executed
for all replicated data. Therefore, there are many problems the same thing a message overhead generated by synchronization and the reduce
of concurrency happened because of delaying the transaction. In this paper, I propose a new concurrency control algorithm for enhancing the
degree of parallelism of the transaction in fully replicated database designed to improve the availability and the reliability. To improve the system
performance in the replicated database should be performed the last operations in the submitted site of transactions and be independently executed
update-only transactions composed of write-only transactions in all sites. I propose concurrency control method to maintain the consistency of
the replicated database and reflect the result of update-only transactions in all sites. The superiority of the proposed method has been tested
from the respondence and withdrawal rate. The results confirm the superiority of the proposed technique over classical correlation based method.
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#» Time
T: rlx) /r(4y)
Ut: wix) w(y)
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» Time
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/e AGAGYG BAAY Aol 54 L2 F +/
/& T BRI P29 A Ee g9 Aef

Ut: A4 Source(x) : x& A ARAGA G 22 %/
When a read-only transaction T or Update Transaction Ut request

a lock for a data item x
aase requested-lock-type of

read_lock :
IF(there is no conflict according to given lock compatibility)
THEN
Before(T) « Source(x)
IF (Before(T) N After(T) ==
THEN set a read_lock for x
insert T into lock table to represent that T is reading x
ELSE T is aborted
ELSE the T is wait
write_lock :
IF(there is no conflict according to given lock compatibility)
THEN
set a write_lock for x
insert Ut into lock table to represent that Ut is writing x

FOR any T’ in the list of transactions having a read lock
IF( x in RS(T’))
THEN add Source(Ut) to After(T’)
ENDIF

ELSE the Ut is wait
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IR EL 71€Lr:r.
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L=A(NO)Y SHL e, 2E Fdx AloEREH
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/2 A okl mE 2ZA dag g s/
/% Ut: Ad To djét write He2 FHEH HUHEAH »/
/% WA EAE message = (Tr_id, RS(T), WS(T), TS(T), After) */
Sl AGFHog +YH AYE BE FoAAIJER FHise
a4 +/
Propagate update message for Ut to the all site
/2 FAojREePE] FERIAATE #/
When receive voting results from all participator sites
IF (all result of voting == ‘YES)
THEN send the ‘Update’ message to all participator sites
ELSE send the ‘Abort message to all participator sites
/% 3 BE FoRz e FHo] GEHJGE fAA EF  x/
When receive update complete message from all participator
sites
send ‘commit’ message to all participator sites

(22|F 42) A wdo oE =ZAF L22FE

4.2.2 7841 Tteke] Zoia daE

ZA2 AtelE A A o HAAE ol A st
EAEE /HAI dE AIEE FA AolEd dn 3
Azt Alo]EE WA A Alo|EdA HllE AAAEA
g7t AFA S At E AAete =A4ACNA 1 A
g FEshs 9g 33t A8 AAe 4 A9 RS9
WSE kst ZEo] Azt w2k UGH oA
F7HAZ T UGH did Aole (el 4.12)9 71=dnt
At UGE A AtolEAA wtx% Ad7A s34

il

2 7Ad adEzA AHErbs 3 #AE BA3E
Hzolt}, UGY =t Ade Wmet A g vehle
=& 7Hn. UGS ZE7t 7 5 e @2 Vore'st
‘Update', ‘Submit’, ‘Commit &2 R7|%t} Voter UGZLE
Z AANE w X 2R A YES/NOE FxF AHE W
Bl 3L, Updates ZA3A7F ¢88 2RE 24 L& 2oz
Aol Ed A AAAAE NG 2AFHANA AEstd 7|58
2= 9julo|th, Submite Update$t VoteZ vtaE Ao
A7t R g w22 BAAEASE 4 AY 2AF
H2 AEstycke otk £ Commits AEE A7t
gEFdke AL dugtl UG == A8 Fol Updatest
Vote2 vl2g == YYdAR 7HAA geve A
FE5E Adst EA8A geveE
25z 3t & 22xEE YA == AH gl
‘Commit 227 FHAE »E8 aAxcg )

7} AlolEdlA UGY HI& B7137F =W, UGS A4
He =2E g9 240 UESA HYE UG W9 o9

Ec)
fo
ot
2
re
=
it
il
2
-
o,
i
o
>
e
oo
A
=
]
L
o,
=
rir
1< ¥ )

o
R
Aol o] xE=E A&

fob > b O ot B

9 == Tugs BATHE 7% A T F == Aol
of X7t A4t WS(Tug)E: BAHEAH TugZt A
A AsFEES Hielx, RS(MDE AN T7F A5
ARgEEe FAgolth Tugst TAtoldl A7k 44€ =
42 A4d AE e 2o

(274 1) WS(Tug) N RS(T) = o : AAE A T ->Tug
(Tug =13 Ad)

(271 2) RS(Tug) N WS(D) = @ : A A Tug >T

(Tug 83 A=)
(27 3) (WS(Tug) N WS(T) # @) and ((WS(Tug) N
RS(T) =) and (RS(Tug) NWS(T) = 2)))
A 4) 23 3 ad (ts(Tug) < ts(T)) : A oA Tug > T
7 5) 27 3 and (ts(Tug) > ts(T)) and (Tuge AE
HA &) AHE AA T -> Tug
(274 6) 27 3 and (ts(Tug) > ts(T)) and (Tuge AZE
AT & A¥
(274 DAAM A TE BAAEAH Tug?t dole g%
< AA A o dioje FEEE AU wEe T7 A
43l =M TugE M33teof dvte gujort. (x4
2) 9A A Tugs T7t Hol8FES AN do 2
dojg] o that BEANE FIAFAGE AL 9
t}h ol= Z AloEdA @A oz st vhA BAA
SAYE FY57] dFoltl UGIA Ti—T:8 #A= A
g3l £A A Tio] ToE Addch= 2E dnsta Tiol

(
(

PN

2 x=9 Adeld A dolguo] 2o AEH 3
F gk o] AaxEE A2MFE /A Ytk A2
3 UGH A4A87HE 712 o &4 WEJt 7o
I, e ARE M =EE FYY 22958 /R
2z Fo{E UG F7tstnzl shs AR EAHY
= X7t 4 AR vtz d w29 £2WEE A
o a2z e e, £F oA ol A A

2 AZE £22UFE AAs] JIHE 22 a2Ns

[ 4.3] 2293 A4

ALl E SelA UG ok (2 45)9) (@9 & o A
g Teol sk Ut ZF AbolEo] AgtE ot §hak o
o Uty, Uty, Uts2 UGS =24 ZE#A 93A 22
223 A2E 7HA 3 YTtT B3Rk
RS={x} WS={a}
Tz : r(Zr(y)w(x) RS=1{y,z} WS={x}

Ts : r(b)wly) RS=1{b} WS={y}
Ts © r(o)w(z) RS={c} WS={z}

T : rx)w(a)



Z= HIOIEHMHIOIA AIAENAM HMTIHEE 0I8S SMYH0 597

s(1)
(u2)

s(1)
O s(5)
—{ Ut3
1) (1,5
ut3

ut1 ut2
s(1,5)
s{1)

Utaxl &
/ (1}
ut1
#Alel UG
s(1) s(1) s(1)

(2% 44) (a)e UGH UuE F7187] Aoli (b)e Uy
2 7 AlolEd] ARPE u dolg z&= T2 A4t 29 &
A BE Ut-Ute A7t A4de] sHed, 4E oA
= 4 oAE JHAER AFE =59 AAHEE A
9] 22¥Fd Fridch ©Y WA T57H A4 ER
AR AEIJGn g9 T5=rxwh)s# Ts7F 784
Tl oA Uty — U olA7F wHEojzitd UGY =
o (O¢t & 22935 E 71t (OdA A FEE
olg] UtselA U2 7k £8dA7F B30 Ute
aaxEolnZ A2HSE A4Y A MIEE AT o
e e ARE NMAE 24 4245 E A¥IE Uby
Uy, U2 UtsY 4237 F7HE (1, 5)de A2HF
£ 7kxth O

¢

I

[ 44] A20359 AdolH

UGE Ut — UtEla 7F3sta 3 A9 Alo]EdA A
T 3 Fo Unol Tvb 53 doje I&ES 7B
vz shal ags T 3] Bd ¥l Tig ANHEA
gl U7t 4 AlelEo A 3t k4 o] o Ti— Uk
- Ut~ Ut Fd8A7E E2A8A € ols Uts Tiol
o2 @Al gydnt e, U] Aok 3 47t
2 Utol UGl &Ashd UG A Atol ol A= Uy
o B¥ Axe NO7 Ho| Tis 37t " 182z
8L B3 Jd & Und 2288 E UbY &2
W37t Aok T Afterole 2233 19 93, UtE UG
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7} EA8E NOZ RE3}y TE ZIFgozA HHEPE
BAE 4= 9lrh wheF Uto] UGAAM AARH 732059
F8 Fo] Alo]ESE AEY 4+ glovz HHEIA &
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# BAE BE-VEFE] TAYYE AL ¢ F UX
AAAHE BAAEAHA S FERAAE YRl Sl
A Tt BAAEAAZAN U2 7t A Alo|Ed A=
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81 UG
(1)
s(1) s() s(1)
(2) T4: 100
Tl d Aftert)
N

utl: WX \ = S

3 UG
R(X)
T4 —_-- —Ut4
After(T)={1} S0 ) 3 After(T)={1}

(4) NOIR WA AW
Source{Ut3} n After (T) + {} iR
ZITMA No §H

{5) ZBRZ ¥H abort =&
Ut401 Ciet CIAIX @ discard

-
_— e -wBE2N

—_— dEN &N AN
Wl U AAREE Atterl S

(3% 45) Afterst SourceE 0128t Helf 8ITHA|

UGeIH AAREAYTL Ao 2AZH e a2
A F UGTAZAN ANAEAY == AAN Folo}
Atk w9 AAE AGAHsY AH @ FAFEN A
A7l BEANT APY §Ao BAYE =20 A7
ok @k 0% Y8 UG Ad 2Agd=z AEetd
NE AR e BIIERE TSmelUD) S SR
o) AAAEAYS SrekE AHAN UGS w9 4
B 2kol Commitol 3 TSuiel U < TS(T)R A1 $7) 2wk
2 UGHIA ARAIAZY. SnelEe (2uelE 437 2o,

/% Node_Deletion_Procedure */
/T AA7eRIS A A9A ), Ut: A48
TS(T) : g Alo]EcjA #HAl 8F Ao Hord=
TSuried Ut) : Ut7} 22229 o Y 2H4F2fof] =3 g
oJ AN I

Ubnote : commit® BAHEAY =55 s/

When Utnoe from UG is deleted
IF(TS(T) > TSuwriee(Ut))
THEN delete Utnxe in UG
ENDIF

(ZD2F 43) =AW L2215

ool ola) AskE A HEAU el AR5 A
b AEAE ks dnEe (dnYS 459 2

/* AHapeke] @z Foja duels x/
S ARAGA Y =(Tr_id, RS(T), WS(T), TS(T), After)
Ut: A T djgt 4l 2§ Al
source node : =59 AEjgto] commit or submitE 7FAIA] &
= FE
When receive a ‘write_only transaction’ from coordinator site
/1 HEY A duelES ol gsio AAdgAH Utd
A HA 3/
aall check_serializability_procedure
IF (the execution sequence of serializability exists)
THEN send the 'YES massage to the coordinator and mark
the state as ‘Vote'
ELSE send the ‘NO massage to the coordinator and mark the
state as ‘Vote'
/+ 2 F¥& di3) vja)x =3 Update or Abort) */
When receive a ‘Update or ‘Abort message from coordinator
site
IF (Update)
THEN corresponding transaction_node in UG marks ‘Update’
wait until Ut is the source node
submit Ut to the local scheduler
mark the state in source node as ‘Submit’.
ELSE abort T
/*3. 942 3/
When receive commit message from coordinator site
commit for the transaction Ut

Node_Deletion Procedure

(22|F 4.4) ddieto] oHE FHofA} L2F

/+ GG duelFE +/
check_serializability_procedure
Tug : UGoA 2 ¢jeje] ==
Us : A2 To gigk A 7% oj&] BE Apo]Eo] Hed A
X A A
T : ZFX AP EZ AFd A Aef  */
/e ULE UGl #9549 +/
For any Tug in UG
IF (WS (Tug) N RS(T) = @)
THEN [F(state of Tug has been Submit or Commit)
THEN add an edge “Ut — Tug” to UG
ELSE return No
IF (RS(Tug) N WS(T) = @) THEN add an edge “Tug
-> Ut” to UG
TF((WS(Tug) N WS(T) = @) && (WS(Tug) N RS(T) = &)
&& (RS(Tug) N WS(T)=2))
THEN IF (ts(Tug) < ts(T)
THEN add an edge “Tug -> Ut” to UG
ELSE IF (state of Tug has been Submit or Commit)
THEN return No
ELSE add an edge “T — Tug”
/e Aol E ZApste BA 5/
IF (After of Ut € source number of Tug)
THEN return No /x ALl & B«
ELSE IF (exist the cycle)
THEN return No
ELSE mark state of Ut as Vote
return Yes
/+ 22dE Bodp= g
IF (Ut is in-edge)
THEN add the source number o Tug to the source
number of Ut
ELSE IF (Tug is source)
THEN add the source number of Tug to the source
number of Ut
ELSE create source number as Tr-id
propagate source number of Ut to path of Tug
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29 AYL Linux $HYAAZ Pentium-IolA 85

on, BAFEEFTZE MCC (Microelectronics and Com-
puter Technology Coorperation)o] A} 7jetgt L2 A2~ |8k
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ZelolAdE A A7 THHE
Tr_arrival_interval| @A (AL AFEE w2} Value
A A AE)

Tr_client_submit

Trlength | A1) 2ol(MAX, MIN) el
ROPercent HEHEAY ¥ & Value
Write_in UT | Z§AA H A 71 SAAH & Value
(¥ 52 A2 mt|E
o2} g 9 | %t
Number_of_server | A8 % Value
Number_of_client | E2lo|E ¢ Value
Dataset_size | dlol8] A& =71 Value
DiskTime o223 HIAZE 10ms
Lock_CpuTime |Z&& Axd CPU Azt 0.006 ms
Sch_CpuTime |2=#A& CPU A3t 10ms
Msg_cpu_time_ | & 71¢] WAAE Helshe CPU AT 0.5ms
Msg_trans_delay | 3t AlolE0|M WAl Adsled FelE Al | 0.7ms
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