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Transaction Management Using Update Protocol
in Fully Replicated Databases

Hee-Young Choi' - Bu-Hyun Hwang'

ABSTRACT

We propose a new concurrency control algorithm for enhancing the degree of parallelism of the transactions in fully replicated databases
designed to improve the availability and the reliability. The update transactions can be logically decomposed of a read-only transaction and a
write-only transaction. In our algorithm, a set of read operations of an update transaction is treated as a read-only transaction and the read-only
transaction reads data items in the site to which it is submitted. And a set of write operations of the update transaction is treated as a write-only
transaction and it is submitted to all corresponding sites after the update transaction has been completed. By using the proposed update protocol,
all write-only transactions can execute at all sites atomically. The proposed algorithm can have transactions execute concurrently at the site
to which they are submitted and, after the completion of each transaction, the update protocol is performed for updating their data items and
checking their serializability. Therefore, the degree of parallelism of the transactions can be improved. Especially, if the probability of conflict
among transactions is low, we can expect the higher degree of their parallelism.

F19/E : Z2 H|0|E{HIOlA(Replicated Database), SAIMRI0(Concurrency Control), ZAlIF(Update Protocol)
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/% 2. BoAREZPE] FEAAEF «/
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then send the ‘Update’ message to all participator sites
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(27 3) (WS(Tug) N WS(T) ={x}) and (WS(Tug) N
RS(T) ={}) and (RS(Tug) N WS(T) = { H)

(A 4) 233 and (ts(Tug) <ts(T)) : BAH A Tug
> T

(ZA5) 243 and {ts(Tug) > ts(T)) and (Tuge AZE
HA &) AAHE oA T > Tug

(2736) 273 and (ts(Tug) > ts(T)) and (Tug: A=
;T = 43y
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A4 Ao 1 Hels $E5e A Wi T d2s
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T1 : r(x)w(a) RS = {x} WS = {a}
T2 :rizr(y)w(x) RS ={yz} WS = {x}
T3 : r(bwly) RS = {a} WS = {y}
T4 : r(c)w(z) RS = {c} WS = {z}
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@ BARE AA7 2HAAD A5
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Aok vk Utle] UGHNA AARGH ek 3 Fol
AtolES A2 ¢ gleng Adrtesia 2 5739 2
#g et olH g ZAE HAs] st UG 19 =
At el B AE At A ApolEdA BAS
3t SR SR a XY =2E A TA] G
AFH, 2 xx9 i3 o E ‘Commit 22 vl
upeba] olefet vl HHAe EAE HEY + Urk [
AellA 7led AAY A2Wse Aze FAAEAY
o} AGAHE Alolo] FER/AE HAetd AEAE 37
A &3 #ysy] s Lot olw HFA HA=
UGY A7t FEdibo]l LA UG 2zl AAE
FrHste] Ah2E ASlstn A2UT7} Afterel TEH Y
oW zAA AlojEd NOE FI @t 13y EH
UA FoW UGH Ato]Zo| EAsterte HAMRT. Aol
Zo] EAA FoH YesE TR AR AJERF
H $3& /g, o F3¢ AYE JEUE ==F
Vote'dd vtasicl, Aozl Alo|Ex Z Az} Alo]EREE
‘Update WIANAE Tod UGN dlF AHE ‘Update 2
wadt g AR =27t 4Y dAE A dod I
Adls k27t HER Y 2ASNA AZste ¢
Zitk, webA UGE ABATEE 278 AUt 4 Ale]Ed|
A BNE T g dES AAE] st AREEY, BT
%9 FAoAztE AATFE 27 At AQ AEAHS
G Fa FPdE £ Yevte AHYES/NO)E
gt gy A HALoEA opF] A ikl o3 %iﬂr
gz = At 71F AFE a7 Hold g5 g
Eo Tago] 9od AA ALAHY AAFRE AAA
A2 Afterol ALY 7|2RFTE Ao FAH F AFS
AAET Aol AR AULR WAXE 27 Abo]
EZ B3 UGAA I A =28 AAg b
Foz A% Ad Adel TS @1 FANE FAA
Z & Atk o8 9 oA dngEFe (¢unE 9%
2ot Foxrto|ER A grekel o8 dabd AN A&
Aol tate AF7bsTE X471 ds = 4n
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/o Aliteel m Feixt GmEF 5/
/e N HAGA = (Trid, RS(T), WS(T), TS(T), After)
Ut: A Tl et 4l 28 A7 s/

When receive a ‘write-only transaction’ from coordinator site
/x 1 Y HA daEE o]gsto] AUHEA Ute] F
Y zAF s/

aall check_serializability_procedure

if (the execution sequence of serializability exists)

then send the 'YES massage to the coordinator and marked
the state as ‘Vote'

else send the ‘NO massage to the coordinator. and marked the
state as ‘Vote'

/% 2. XS A3 vjA]A] 3232 Update or Abort) */
When receive a ‘Update’ or ‘Abort message from coordinator
site
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if (Update)

then corresponding transaction_node in UG marks ‘Update’
if (Ut is the source node and state=='Update')
then submit Ut to the local scheduler

marked the state in source node as ‘Submit.

else wait.

else abort T

/€3 G5 +/
When receive commit message from coordinator site
commit for the transaction Ut

(212)F 2) dil7tel oAt ¢12|E

/e ALY ST o/

check_serializability_procedure

Tug : UGIA9] g9 ==

Ut: Ad To tigt A 79 9] BE Alo]ES] Agg A
d4& A

T: 237 AP|EZ AZH N A +/

/+ UtE UG §Ydatc FY9 +/
For any Tug in UG
if WS(Tug) N RS(T) = {})
then if (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
IF((WS(Tug) N WS(T) # {}) and (WS(Tug) N RS(T) ={ })
and (RS(Tug) N WS(T)={ 1))
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"

/v 22¥S Pojal= dA v/
if in-edge of Ut)
then add the source number of 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

/x Alo]F Al @A/
if (After of Ut € source number of Tug)
then return No/* AFo]& 24 =/
else if (exist the cycle)
then return No
else mark state of Ut as Vote
retun Yes

(32|

b}

3) 2@Y HAL eme|

o

e dAlE B9 AlelEE o] Folzl S F2 ol
wolzolch, a2lm, 3708l AfelEelA] BAlel AU &
2 Sgdn Hge

(oA 21 94 F2 doleuol oA Adaa

YolE FE x, y, 27} AbolE 1, 2, 301 %A FEHo|
stk Ad TIL Abo|E1, A2 T2 Alol=2, 283 A
T3S Ato|E3e] AZUThn 43S o 2 Adst a7} @
s3e AHEPEEe Yin AAsE A=FE Aol

ged 2o,

AFOlE 11 T1 @ ri(x)wl(y) RS(T1) ={x}, WS(T1) = {y}
T1¢l 73AALA Utl : wily)

AFIE 21 T2 1 12(y)w2(z) RS(T2)={y}, WS(T2)={z}
T29 BARAEAZ Ut2 : w2lz)

APl E 3 : T3 : r3(z)w3(x) RS(T3) = {z}, WS(T3) = {x}
T39 BAAEAY U3 : wilx)

A Aol Eo A Ao & w1 FA BT
g szl Ald tloA AtolE sl Utl, AlO|E s2
d Ut2, AHolE s3] Ut37h =&stgvtn &zh o) o z
Aol 9] UGE 3o wm@ut A Ee] o1y e A
o]Zo] EAGR ooz 7k Alo|E RE YESE ¥EE
& 9k A4 (2014 AlolE sle] Ut2, AbolE s2¢ Utl,
Aol E s3el Ut27 =33tk stz |A] o] wol= z
ALl B9 UGE Ale|E¢& Edstn YA @oerng 7} Alo
E 25 A4 A d3e] YESE FEI A4 3
ol M AlolE slefl Ut3, Alo]lE s20 Ut3, AlC]E s3] Utl
o] TEBATtI 3}AL o] W Z} Alo]Eo| whA|Bt AHAHE
Adgrt =eEHol Ak /M WA AlolE2& AES A}
OlEd|A Alo]E& {9 BAAGA ;A oi3te] EfYL
gx7t 744 AW NOE FE32 UGHA i3 ==8
AAZTE 28A gow YESE REFH 3 Alo]EdA
AfolZo] A EHH RE Alo]EeA FUF Ato]Fo
BASHA dch Y Ao EoA A HEAHE (2E 4)
o} 23 (2 5% Z} Alo]Ed A UGHHA TAHE Alo

& BAW Aol Fo] EARTE Ae HelFa gn,

wiy)w(z)w(x)

S2 S3

wZ)wly)w(x) wix)w(z)wly)

(3% 4) X AIO|EO|M HAXE7H

S1 : Utt{vi<-U2(V)<-Ut3(Vg)
s@3 s@ s(3)

S3: UtS(V)—>Ut2(V)‘>Ut1'(V)
s(1) s(1) s(1)

S2 1 URIV)->Ut1 (VI->Uta(vVg)
s(2) s(2) s(2)

EERS
Ut: e Mgy S:AAMS
VivVote EE UEHY
Vg : ZHXO|A ot SEE ofX| 2 M

= Aehel NHISE =AME e
""""" LgPN T = 1

(32 5) XY AOIEMIM FXIE= UG

AA 13614 AROIE slih 2 T39) AAAE AE w
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