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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.
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16 EN2ISD=FEX D M-DA M1z=(2002.2)

/2. FoRERZTE FREARCE «/
When receive voting results from all participator sites
if (@l result of voting == 'YES”)
then send the ‘Update’ message to all participator sites
else send the ‘Abort message to all participator sites

/3 BE FARBRE QYo gasni= A CF
When receive update complete message from all partici-
pator sites

send ‘commit’ message to all participator sites
commit for the transaction T and release all lock of T

(¥T2|F 1) d el =FA YL2F

4.2.2 744 k9] Foa gueF

FAAL AolEoA AN 8F WAAE e}l A &
AHEE 7HA R Sl AIEE FoA AlolEd din Hd
A Aol EE WA 2AAL Alo|EoA HUlE BAAEAY
7t AEA3E AHgEeEAE HJAstd 2ARGA 2 ARE
FEIE 4¢ #9330 EAY AAe 4 AN RSS
WSE AArtsle] 8o AsE7] wbA UGHe oA
Z F7AF d7)oA UGE AY Aol B A mlx gt d
AR ¥ A AAENEZN FAE AAAEA
#8 velle =22 FAEY =28 A Hse 4
HE Jehlle "g=& 7kdc UGY A7t 71 & e
e ‘Vote' 9 ‘Update’, ‘Submit, ‘Commit 22 %713t}
Voter UGHZ HALE vl ZAANA YES/NOE
EES ARE Jehix, Updates 237 488 2R3
A BE A|ER AAALEANE BT 9v|o|1, Sub-
mite UGHS =25 YHAA7} g =224 4 A9
dolgule] 22 AHE AZPdch= gujojth £ Commit
= AZE A7 gH00E A& e UGY ==
7} 4YAAE 7HAA gEde AL FEHE AN &
A FrohE Holm, o] =& AX(source) =t §
o}, 7 AlolEdA UGY HZE F7Is7t w9, UG A
AfE xoe gy Fdo] BE3HA =HE UG WY ¢
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oo dlx7} MAET. WS(Tug)s AAAEAH Tug?t
AN ARFEEY FFPolx, RS(TE AH T7t #=¢
A8FEES] F¥olth Tugst TAld A7t H4E =
A% AHE odAE v 2.

(A1) WS(Tug) N RS(T) = {x} : QA AA T
-> Tug (Tug FEF A

(27 2) RS(Tug) N WS(T) = {x} : A E A Tug
-> T (Tug 58 A

(23 3) (WS(Tug) N WS(T) =1{x}) and (WS(Tug) N
RS(T) ={ D and (RS(Tug) N WS(T) = { H))

(27 4) 273 and (ts(Tug) <ts(T)) : A E AA Tug
-> T

(27 5) 273 and (ts(Tug) > ts(T)) and (Tuge AHE
HA 48 AR AdA T -> Tug

(226) 233 and (ts{Tug) > ts(T)) and (Tuge AZ
)T+ 234

ZA144 AY Te BAAEAY Tugrt doje &g
73A Aol 1 dlojE IEEE YUY W& Tr AE3H
Tl TugE Adstedol gt ooty 212 FA
A Tuge T7} dlo|HEE-E A&7 do 2 dolH &
Bof tig #EANE SRR AE gng. ol 7
ApolEA EYHoR FPsta A AUALAHRE
87] gj&olth UGAA T1 - T29 #AE s &4 A
T1o] T2& Al A& on|dch UGHA YA &
22 ¢ A7k AEY AdE XY dolHue] 2 A
250 £849 F o} o] == A27 Hn AAMEE
JH A Qleh A2HEE UGH A48 A4#E 3718 o &
2 W37} BoEn, 28 228 7 xEE BU8 A4
3E /A 22W359 R UG F78tnx s A
AegAYY =& o7t 4 ALY vi2 A w29 4A
HEE zPale] 22aME2 AN, &8 oA {out-edge)®]
9 AN A HER AEE A2 E st J3"

< 22058 7HA AR dUeEsA] £A2HEE AR
gk gheF oAV aakEe AW AAWMEE AN
A Yn AAxEY WIEE XA 22T AT
a8y Adrt 928 ¥ UG e == AAA 9§ &
2¥35g 7HE kE=E AEG AAE 220358 fA82
7] wEe] Alzhe] Aol ot e glv A2WIEE KA
g F sl drleME FU1He2 g8 flv 4238
ANZIG 7HgR UGHA ¢5d == AHe A4 o
Azt 1Y 2AEHE AT § Y2E BI2HES F
ojytolr] zt Alo]Eoj A Hugt ATkl ElQlAgme u
wate] ¢kxdl A Bd2gzt o FE =EUhE A4
Azt A2WE9 "AnolfE thg oA 22 A9,

(<A 1] 2203 A4 o
ALOlE SAlA UGS &A 4e7t (2d 2)9 @% 28
W BAHEAN U7t 23stdcte &4

O A4E A7 4gdAAL B+

T1: r(x)w(a) RS = {x} WS = {a}
T2 :r(@riy)w(x) RS = {yz} WS = {x}
T3 : r(bwl(y) RS = {a} WS = {y}
T4 : ric)w(z) RS = {¢} WS = {z}
Utd HE
s e UG

s{1) s(1) s(1)

wall -
Ut: daiietol oM 7| & HAdE=e 748 YN M8

2L
s AAHEE LE
(a) Utd UG #718t7] A e



s{1) s{1) s{1)

utt @ @
s(1) s(1)

@ s(1)

(b) Ut4& 714§ o 2203
(08 2) T4 2AHEF 20{3P| M o] AeY

(Z¥ 2)9 (@ UGY UtdE F718l7] Aoz (h)E
Ut4& & Alo|Eo] AR o dlojy z& T2 A4 z8
FETDACBR Ut2 —»Ut49 olx7t AAo] HEdH, A4
¥ dAE 48 oA E HAnE JdFE =t 2AWME
g A4 A2UZe F71e

@ A48 AA7 2LAA AS

D9} (AR T5 = xwiblel A AolES A%
Hgirka shah T57H A4 ekl QA Utd - Utse] of
7SSO AYR UGY xEe] (19 D 2& A2HE
g 7t

(38 3) UHE Frigan 2oHE

(29 olA A FEE <& UtsdA U2g 7t&
Z8o A7} tEo)ATE Uths AA2xZo|ng AAHF
E A9 A Wiz AT bds 2L J2E JMAE
2o 223 E AdsE UR2e Utde Uthe] 428
Zo F7159] s(1, HEke 22MEE AP [

[dAA 2] 229359 Avtold

UGE Utl - Ut2et e 7M. & A9 Alo]Ed A 7
@ Tt 8 Fol Utle] Tk #53% dlolg &8 AN
goin s oteln Tie] 3ol v Fd Tig ANAE
A U7t 2k Aol B A @ttt &tak o)d T; - Utl
- U2 > Ut FAcA7 EA4A goh ol Uts T
o2 YA o] Byjdch a8y, Utd ANFY +8 o
742 Utle]l UGHl ZE48d UGAAM Ale]Fo] s
Ute] 8 Z3: NO7F 5o Tie 2371 Jog 3g4y
< A3 "t & Utle £293E UY A22H37}
"o} Ti9) Afterols A2¥M3F 10] gz, UtE UGH Hrt
g o AP Ut29 2237 10122 T, A4 U7t
A FERAR EAFGE AL Juigth AAFFE F3
Fod Afterel UGHA Utiol A=Y 42257} EX3
W NOE F¥31 Tie APoaA HEHE A &

2SS HOEHOIL0M BN Ft8 MBS ey Hat 17

itk vk Utle] UGHIM AlARTHE AAFet 8 Fof
Aol2e A2 4 glorz AN % S99 3
3}g g oleg FAE A3y s UG Az
opAe n=¢ 74X AE At Y AolEdH AL
sz gafivt SuAE AT xSk AN A ga g
ATH, 1 xxe nd YTfE ‘Commif 22 wpaA it
weta olaig vl AU EAE HAY + Yot [

HolA 71ed ANY 22959 Ans AAHREAH
s AGAYE Atolo] 2THAZ PALSe] BN L 73
a4 @z Fgst7] A8 Basith ojn FAY AHAp:
UGSl A7t $8Q%0] 24sd UG 2o A=
F748te] 228 AYET 22W37) Afterd] TEE 9
oy 23 AlojEd NOE EEI. a8y ¥y
QA gowm UGH AlolZo] EMat=rle HAET} Aol
o] EAFA FOoW YesE TR AR AlJERR
B $gg g ojn £x¢ AHE e x=8
‘Vote'dt vtagch, Fozl AojEE ZAxR} Alo]ERRE
‘Update' WINAE ol UGIH 82 ANE ‘Update &
vtagct A9 Ade wsst 4 oA #A gow 1
Ade 227 2z A9 2dAF8dA Azsd AP
Atk wEA UGE AANTFHE Q78 Adrt 2z Ao Ed
A ANE & F AL AAE] Ysto] AL EE, AT
ko] FeztE AAFFE aTH Ads AY HPHL
sstn &n $99 & Y=ty AHYES/NOE S8
gtk 28 AGatel A ofa A4l ool 98] A
g2 e At 712 FFL LTF doly =9 Ax
Eo TEol glod AN AEAYY £2HRE NAA
Bl Afterol AT N1ERFTE Aol A F FIL
sAgch dddo] gaed AAGE WANE 2R Alo]
EZ BUYI UGHA 2 A =58 AAS geid =
Foz Ay Ay Ado] TS Y1 BANL FAA
4 4 Qlth olg 9% e FnIEL (YnFE 29
2} FezAlolEE AN Fob ofd Ay AN A4
Al datd AAMsd St AEAE ZAEE gn
g2e (dugs 37 2ok

/x Fpete] m g Foz) duelE «/
s B EAY = (Trid, RS(T), WS(T), TS(T), After)
Ut: A T g 4 2§ A %/

When receive a ‘write-only transaction’ from coordinator site
/1. HEY JAF daglES ol gsla] ANALAH Ut ¥
YA »/

call 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. FE@ 3 o AA E 3 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

muarked the state in source node as "Submit.

else wait,

else abort T

/¢ 3 @8 s/
When receive comymit message from coordinator site
commit for the transaction Ut

(YRl 2) dugtel Mokt ¢uals

S HEYHA ST &/
- check_serializability_procedure
Tug : UG A2 ¢l9l9] x=
Ut: A T g By 7ff o8 BEE Alo]Eof Fgd A
g A
T: ZFA Ap]ERZ AEH A A »/

/+ Ut UG #98hs 39 «/
For any Tug in UG
if (WS(Tug) N RS(T) = {H
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
i UWS(Tug) N WS(T) # {}) and (WS(Tug) N RS(T) ={ })
and (RS(Tug) N WS(T)={ }))
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’

fe 22UE P A v/
if in-edge o 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

/s ApolE HAsiE dA s/
if (After f Ut € source number of Tug)
then return No/* Apoj& 24 »/
else if (exist the cycle)
then return No
else mark state of Ut as Vote
return Yes

(¥12|F 3) MY FA ¢2F

O dAE 1 AlEER olFol & FH dolE
Wolzoleh, 223, 374S] AbIEAN FA AUTFE 2
F& stgdn AEn.

(44 2] §4 38 HelHol2aA AARe

dolE & x, y, z7} AIE 1, 2, 3ol ¢H FEEH
STk A TIE AWIEL Ad T2E AlelE2, 28a A
T3& AbolE3e] AZAYL AT 9 Z Ads 27t @
S5 ARYEEY AYH AAGE AR Yol
et 2

AFIE 1 : T1 :rlx)wl{y) RS(TD = {x}, WS(T1 = {y}
T1¢] AAALAD Utl : wily)

AME 2 : T2 : r2(y)w2(z) RS(T2)={y}, WS(T2)={z}
T29) AAAEAH Ut2 : w2(z)

AIE 3 T3 : r3(z)w3(x) RS(T3) ={z}, WS(T3) = {x}
T39 ANALAA Ut3 : wlx)

A Aol EdfA Ao #8E viX L FAlo AATFFE
Tt stk AA 1A ALE sl Utl, AFJE s2
of Ut2, AlolE s30] Ut37} E&sqcta &ia)h o of z
AolES] UGE dhte] ==zt FAE o 7] aj&d A}
o|Zo] EA3A Yorz Z} Ao|lE RF YESE FEE
F Atk A 2914 AlolE slo| Ut2, Alo]& s2¢ Utl,
AbolE s3o] U7t =&stAttn atal i) o] W= 7t
Aol Eg] UGE Alo]2& X#dta X RLBR 7} Ao
E BF ANAE Al diste] YESE FEET AA 3
o4 AbolE siol Ut3, Alo]E s2of Ut3, AlelE 3¢ Utl
o] =Rt 3tA} o] W Z Alo|Ed] miA BAHE
Azt =2Eo Helgo. 7P 4A Aol HEF AL
olEA Ato]EFE AT ANAEAH st gy
d27} 7b4 Attd NOE 5881 UGIA a7 ==8
AAGT}, 192 goW YESE FEIT 3 Ajo]EA
Ato|Eo] LA HE BE AOEoA FUAF Ato]Eo
1 A3A gk AY AlelE A AN AGAHE (2Y 4)
% Zm, (2% 5% 7 AllEoA UGHA LA E Ao
F& BYF Aol 2o] EA®TE A& BAAF D Yot

wiylw(z)w(x)

S2 S3

w(Ziwlylwix) wixwl(ziwly)

(32 4) XA Mo|EM HUHEH2

T [}
S1 : Utl(V)<-U2(V)<-Ut3(Vg)
s(3 s@ s(3)

pwesnennt gmoeemuomsasesunmoon. -

i ] !
S2 : UR(VI->UtIVI->UIB(vg) S3 : UBIVI->Ut2(V)->UtiV)
s@  s@ s2) s(1)

s{t)  s(1)

Hall-
Ut: A M8H s:AAME
V:Vote H#& -

Vo : =HAOfA ob FER SHX| R HH

—»: Halie| NIt eME HE

cemeesseB At @ WY

(38 5) XY AOIENAM FXIEE UG

A 3014 APlE sl 2= T3¢) ANAE AdE @
o} Alol2& BA#T AtolBAA Utde) e adzs} 7}



F 282 NOE FE3I}I, 4a87T% #3247 74 AoE
9 UGHAM T30l AA7} so] Ato|€e] Yoix7] s
T13 T2 A4Heg Ge74E By 948F 5 U

F Al|ES] UGHA Ato]go] MAHE fg& ZE Ao
EqME FUG AtolEo] AYHA Et ol ¢AFE °
ofe{mjo]zolq 4ol RE AlolEAA o}Fojxo} 317
qEolet. IHER, Alojgo] AGHW AtolE uelH &
Bt AR E 2h= A dste] NOZ FEsta Z UGl
A 2 AYE AAFLEAN Ao]E2 gldd. AtelE W
2 HY2RZE e A7l ol YESE FHEIUE
EA7E gAstA] et ol & AlEdA 1 & B
A2AZE 2 A =7 UGH F7Hew 2 Aol
W3t NOE FR3I 2 Aol29] UGAA 2 A7t A
78] Ato]2E ¥ & AUth

ANE Ateld FEo] A w Apo]Eo] AAE 740l
A7l fEo] AREL 7 AbolEolH FHHoR £y
45d 7HsAel ¥2BE BY F2 AEPYE HY &
Atk A FPX R 2o FUAEANY BATFY F
PAE vlad o ARG SR FHez 47
3 #ch 22eg, Bgsye 1A4E 48 5 U

(43 1] FAFFE 80 FEAI o2 g2 ¢
zAFe AdE] 44 A5 748 uF
.

(39) 2 A AolEdAE 43 AY Toh A4
& A Uil 380 24T T/t 458 B2 Ut
7t AusAD S Te Aferdl Utel 227 3748
2 Adoln AUAE AASL UGE FAEd UGIA
420 Update® wtAE0l9l Wt Ao 2AZFe ] 9
sto] 2AES ) +do] €k e A7 ol Ue
QAT 7 AlolEY UGE U8 2ol ol FAA
Aol ojate] WAt j

z9e 98 AAE Aolo) AFHo] wAHA BT
2. olm ted 2e 4RY AdS Alold A 29
= SGol Afolgo] wAsA Bk,

T1 -> T2 -> = -> Tn-1 -> T1

> time
t1 t2 tn-1 tn
g9t e Ao]Zo] FHo| HYTHE AL T T3, -,
Tn-1& AAFEHE Ba3tn dolel vol2d AUsIA 5
= e AFA Adoln TIANE A Aojeol 44
29l BAARNAY ATk ghastm USHl X8 A4
9 AdY 4 Ytk o|F A4S duud gt grk

(a) T1o] AYdA +945A AN 4%

Al 1A T19 Aftere T2¢9 228 X84 gt
Aoty ugFd) 2&d T2 > -~ -> Tn-19 2L 7
27} EA48lng T29 4229 Tn-19 22E FUddA €

2HES CIOEHIOIL0A B #ekg MBS Hei #al 19

9. 232, AA tnellA TIe] Tn-1°] 7 dolg g
S #A5sen & w AY A)EAAN T19 Afterel Tl
o] A5 e FEY L2t EFHO U] dEo
TI2 A Ato|EG X HEJojof @t ol Atd &
1YFe 2AEY AFe Eeo] E9. 2R, fj9 2
< Ao E2 EA3A Y=t

(b) Tle] BAKEE T A AL

e AlojEo] FA4o] HIUuE AL AH oM T1e
AAGEE Bt Yulolet. UGHA T271 AAHA @&
& AT Tlol AATGE FAE o UGHA Ato]Fol
Aol Ho] T19 AAAE Ads NOE FI3I¢n g
7t gk zej:, T2¢) AAALEAHT UGHA AALY F
of ANFLEE P F$ T2 -> - -> Tn-13} g& 7
27t EAqo 2 T29 A9 Tn-19) A2E Fd3iA €
th 2822, AlA oA T19 AAAEAHS AHE o
Hx=9l Tn-19] &27F T19 Afterd] TEH 917
ol T19 AT F NOE Fxstn H3=HA 9. o
SRz gie} 2 AlojEL EAY 47} gk

mekA £ =EoA A dREFS @9 b)Y d
Z A3 AgAo] HAHE & 4 AUtk

5. W A gF ATed

€ wEdAME /MR A e FRAIN7] Asto o
o7t FEE EAANLY M AN HAFP 3
EE w7l A8 A Aol Fe AU AL
FAA Aol 71HE 7 Alo|EoA FAld 5= AdNE
o Wiy AEE ¥ol7] A3 Z AojEd AEHE
Ade SH9H0E 0 A AEAA vixg AiAA]
FL vpR Fol 19 APl e BAEAE Al
AT AAREANE AP Fol AARSFE FAYT A
A7t daEHA AN AL 1-ARE FErbsAel B
solof @t} & RE A|EZF M2 dad T FA3H
A LT Mo g3 AN AdE s’ Aot o
g 98 EE Ao|EAA FA s¥HE AAHLAHS
Adrts <A R Yok ) 2z Ao EdA FAF F
d7bs ¢HE AdEol FHHES §7] 95t AT
& AH83te] BAHEANES] BE Ao|BEAN FUE 3
dts €ME FHIAEE AT 283, 7 AplEA
THTA At ANTA AANE Abold] AEbeHE B
Ae7] Hte] axghs AYE ARSI FAC SR
FE FHT AHE AbolY Alold FAHE WA Ao
59 HY2YE GE &3 JHg 2 BHYirgxE %
£ ARE ZA}E Sy TE dolgHolzdN B
RS AHEE AT dugFe BAUARE Aol &
28] Hod WYyl Hrrt FoldH FL2 45
Bdvh F, 7z ApolEdA AEd ARt T4 ¢ B
3 ANE AT F Ao Ay AF o BATSFE A
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