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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 occurted, 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.

I|NE : S8 HIOIE|MOIA(Replicated Database), EAIMRII(Concurrency Control), WM 12X (Update Graph)
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e Fgska, A4 AdQd A9 F5 doleuel~E A
Atz 91g AN toke] ZAAZAM Y 4T oz
&g . 2 Ao diojguolA AAHE AEH A
o] RE q4to] FaE Fo] A Fg i 2z A
e FAPY9GE 7L gl ¢8d dgrixe Al 2
B AdYge] B, o nyyE ANAAE ¢dE F
Ealo|Ed| Anstr] flste] AAANER o]Folz 2
Ag AdE AAFh A T AN HE Asl RE
FEAL|Eo| A d@Ado] s A FA FAT F YrH
o). dEAo] HuHA gevhe AL AN E BEHH o}
got gL A T qF FFAY 7R AR
oy, FAAA 7Yl oA SAdEt dve] delH
7b o8 AWe FEFHO U= FHAAM dolE AHEE



& el =24 dolgz g@sojof grh o] & Al 1-
AHE AEAE AHREHY 71§ AAEL FEA 7Y F
Eager 35 7l 93 dlolg& A 1-AE 3™
e B4 dolg dolxdA =gHez dAH UL,
@ AR dojeuo]x o Ae UHIEE FHLS
#2324 £83 F5aA) AojoF drk. AN A& A
E 7 FE AoEdA b AdEH FAe F3d
72 qtefo] gasojol AR 4Hd @8 E A €t

4, 5 do|efso|A AlAZ0M HAIHZE 0| F
& SAldHof

o] oHE ¢A FH dolgue]x AAgdN AHE
o) WaAE HAA7|EA dolHuole] ABYE FA8}
7] 918 A 71Me ALt AT FARA] 7]
& CCM-RD(A Concurr-ency Control Method for Repli-
cated Databases)2}il % #hch,

4.1 CCM-RDoi|AM 2| Eaet

Aoksl= CCM-RDOIM = 2zt AlolEd] AEE AHE
a9 2Q Alo|EAN E@Ho2 Agel v A47A
sy, Age Adg2Ed FEH1, A7t dolH
P2 BEFHE A9 2 deoly 54 o A5 Fe
S ARG, o] BE FFL 7|E9 2PLAA AHgHE F
2o wze g 718 F33 4Y s F, ol
BE Z3Fo] A dolHd dANE 715 FFE $9E
% ¢lth. CCM-RD9] #3 ekl 23 Fejol dd &
YA BE <E 41>3 2k

(E 4.1) CCM_RDgHgo| F=LEH ®

Request -9 -
Hold s " Rl : Read_lock
Rl W1 : Write_lock,
y 188
Wl n n :#E3A @&

71E el e #% #3E A8 2N gE A
H7b 712 AFe 8AsE Az et 28 dACG
CCM-RDIM & 718 &3¢ 388 ot #5715 &
sz 3 Al AAL FAHY] AHA A, 7152 3
g3 AL AAASANL MR FYsHo}
N&ANL s AAREAN} Y A=) ol
o} ojubstE AT AYsrIde EE AREE A9
Ade 4& o AGANE FAse Adew s A
ALANE BHAE AFAA FEAD e FAE
I AE FYE AAe wEIHN Gk 7] HE
of AAMH N2" HE& AsAI7] dEeldt FHae
sl 2Aa} Alo]Eo|A AA Fokel] o3 FAsop s

Z2 OI0EHI0IA AMA-HNIAM ZHAHOHEE 0183 SAHEMOK 593

2 AT FojA Ao|EoA Ay do] Bd W FHFE
A A GrlelEo] AEd ERRAL WA A
33, 2E AlJER AFE ANdEAHE F Ade A
< o, 45 FFe B Ads Fdo] EF vpHE o A
#7t AEd AlEoA #AAT L, 715 FFL T ALl
EodA A7t gaEE A

42 BN et

7t AblER AZE AAANE AT AEMA EE
Axe Fstan AN AEANRE A4 F AT
st A4 HLANE ZE Al|ER AnForA 744
o] o]Fojx=d|, o] #4& ayor Yehld (2 41)%
2o (28 412 AelE 2 A" ¢d FE dolg
wo]~ Axgo|tt, Fgo|dE A7} BAIELS 7HAR
£ AblERZ ANRE AEAci 89, Aoz 45
A BE FFL oM FHsa, 715N SHHY
7o) M7 ES FAPY FelolIEV $8E 8T
oyl oE RE BAR AlolER A4 HE Fofel oJsA
A2 27 WA UR(Tr-id, RS, WS, TS, After)& A%
A Ha, 7 AllEdME HEA HALE dte] 4EA H
A E3% Ade AY 2AZHNA AEHA HHEd
o7|olA BAIR1S 23 g AIEE AR Ha &
AFL1S E3He UnR] Alo]EEE #FHozirt Hejx A
Teke g

M XHAto|EfM HH
@ Y= 27F
@ YAHEAHY

(33 4)) BUNEHY THY

2t 4R AolEd A dolHE #5Y W A5 o
oF uEe| PY RS AAYAe AddolH FEE
o Wg wsE ek oW 71FAne SAH A
AQgQelth 714715 (Virtual Write)sta, Azlel sh%
gite FdAE Fol APl e AN ARE ¥
s ANAE AdE T80 AT BATFFS Azl
AX Foke F8 dolHMol o) AuAE HolstA ¥
ANAEANS AohE BE Ao|Eo] FUsA W]
gstel Wasith F A4 Fore 2AA AolEsh ez
NolES Aololq Azsl AN WAAE HEe] A
44 A8 2 AT Fefelnt,
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of ke & AY AlolEojA 4F FA flel AU}
EYH g npAT A YA dozA Wy
&g FEAE & dvh T A FoF e dAo)
guold I AHE FEATIR AW AHHE HIAA
ok BAALAY dolE FEE AUNZ A 859
AR7t AR #E FAFe]l od 2 F3FA A
Afterd] B AEA NS A22MEE FIMAFA, NFAY
7F #58na e doly $E& AAdLAYs sl
Aohd Source(y)E Befored| F7}A71th

After(T))e AA7del 1437 A, & A9Ad 771
BEG dolHgdEs AAALAN Utsel g AilsEE
HE 22W59 Ao|a, Before(T )y 85A & 4
AAGANS 75T HolHE A9dAH Tl #53= o
ol g &0 TtAE hawMEe ol 123 Source(x)
4uHA 4 A7t dolH I8 xE AU AAAE
o] LWz ol AL Source(x)® 31, Source(Ut)
BAZHE UGHH BAAEAH Utg s &
o] 7HAE a2 WEY JFE vedth UG 1=
o old Hel| oid LA oAE 7AW, UG 2=
UGHD & Ti-TiiFpe Tig d4to] £E #AAd ¢
£ Tiol A4 dygshe Ags aHg=zg ousid,
Afterel 2R3 E F7HAE ol e AAALEAH
UGEREH AAFs: F38%5< Adet UGHA de A
AAgA o] BAE 7195 sl gesy w3 9
5-718 259 4 7|594E HEduE gule A9 7
BH7F #EE dHolHE AAALA A oA AAHE A
o oaf A@Aol AuiE F glE A9 AAG £ Ut
a8y A9AH oJaiA BEG HojH FEL ANHE
A7t 7158 o AGAY Aftero] A A2¥FTE &
7AA 713 dieleHle| 20 7| B u R, A GA YT} BTk
o & YRS i UG == A2HE7} Aftere] &
£RE Egea Yol ApojFo] AT AL &
Atk a8Eg JFHL FHEx] o BE AloE
oA Fd dloje oz AANA sHe dBHL £
& 4 Atk 229 A4 daAs Foiz daeE Hof
Al AA 3 78T After7t A2 ARE SA3E [dE
41}7 Zt},

T

i R T g

[} 4.1} | BA After7} 224RE FAE 2

Z+ A= Afterdtt Before?h g FASHe Afterite
AAFGA ARG Art ¢l dlolH FEL ANEE A
AAGAYY hxHBE FE3, Beforedt e A AAH}
HEEIA 3 ghE olv] AAAEA Y g 1EAAL
S FYHE o 2 AAAEAN] 22HHE g o
2hA ZH A dolH g5 2AE AAE e
Bl 2 gE FRGY 22 Fto] Afterd] F7iEE A4S
' Atk AdAY T2 & dol” x& ANAE

A U7 7128 0 Ute] &2 @& TY After2 F714
71e A92A (29 43)% Zrtl Befored) 22 g 37}
A7lE BeE o1y daed Fe AANAEAY PAE
& AGAGY BEsHE Aot ol AEAART V)
@] AR A= AY] W ole MYPAE
A&7 A3 Beforeol BAHEAH A& FE FAY
thoolE & Alo|EoA AFAE RAE] A KAH
T UGHe #adeAdte BAE 71987 deiM o
f88te Ato]Z & HAMEA Fum Alo|Fo] A THE
AE AAF7] AsA "y

; >

rix) wix)

.~ source(U)2t
e —- AerTZ $7+

After(T) <= source(Ut)

(3% 4.2) After ol Source H&E %7}

(1% 4202 A9 A T7h 5@ dolg F2 x3 7
NHEAY Ut x8 AASIA & o #5715 $5o|
BAFAT o] LEANE oo FEBAR sFPonA
oF Aols BAE FAN/ AAA T Afrerd) Utel 4
24RE 7S 2E dehan,

o .
Wix) rix)
S, W B BUY BUTEH e

® — “A7t0} Beforeol &I}

Source(x) > Before(T)

(3% 4.3) Before ol Source HE F7|

(2% 4302 BAAEAY Ut} B xE A9A" TV
#5384 g x7h ARE A& @S TY Beforedl
F7M91E AE BoFE [

AollA Z1ed AHALANE 7 A Alo]Ed A 523
Hed, EdoldE N AGAIER A AdY FHE
F 7HA7E vk shte #5d4EE pAdE ddE =
T AT, F HAE 2SS dueld TEE AN A
ojth Aol A7t AEE AolEAN Fysa s1E2AMN
o] gleng hE EAR AJER Adsir 1 AYH
oz @8A7It) oju ofy HA Fofo] AYHA ¥e& A
AA ] BEANT AN Fgo AU FANHLANA
ol HdAge] A=l EA7E BAEA Hud oo tg
o [d 4219 @t}

[ 42] AGARS} BUAEAY Abolo] AEAH M)

F ApelEoM A qAY T AUAEAY Ut oo
Zol £od o P} T SGol Alo]Fo] HAYEA €



th. CCM-RDOIAE 485 A4AN T o A4 A LA
Ut Atolol Aege] guls)e 2AE sidstoiol s, Ut
7H A8EA RS stoo} Bk fukan Utk olv] A
AToksl $8A% 7 AlolEe] HolEuo] o] wesio]
oF $m2, TE A stoo} Bk T e Aol A
Aitere FHatr] Al AUA R,

® T—Ut— T8 Atolgo] %4

» Time

T: ri{x) rly)

Ut : w(x) wly)
After(T) NBefore(T) = {} : Abort T

@ Ut—>T - Ute] Ato]Zo] %A

» Time

Ut : wix) wily)

T: 1(x) rly)

A FAGAC Z1HezA PL NHE AMREE VIE
WA o]2igl AlelEo] RAHE D9 A$E TS 33
A7, @9 F¥e Utg d3Azidh 28y CCM-RD
Me FEoz2 A% Ay ANdg BAE) Yo &
2PL 71 & H43A gn aYug, ojg e AlelE
o] HARA] YEE TE 2| Fdoo} diu}

CCM-RDAIM = A48 Ad Ul AAFS d oA
o e A TolA ¢& deolH d&5& BAsya o
A After(D Source(Ut)E F7}& ). Source(Ut) 7441
AEAH Uty Aol ol ¥ AgAteld] T-> Ut
o #AZ ALE BAED. o] Fol T7} Source(Ut)7}
After(Dol 38 dlolg] &8 y& 9od 1 Sourcely)dl
Ute] 4&28 #7181 After(T)$} Before(T)o) EEo] H
= 427 Q7] WE TE Fggezy O 499
2 AtolEE AT - Utk o) 2WZE FAEA g1
E DY B9 2L FFY Aol Eo] HAsE AE HA
g # k. CCM-RDAME olv] AAE #E 2o o
ate] 715 ol FEHY J1E Ago] HAd Adaw

g AFL HE5HA gon, JF A7 A ANA
€ A g8 Fol o]FoXng @9 & AlojEUA
& WA ¢ Atk F Ul A4 & doly g=
X8 718 AFE A& Fo BAE) dEo) A AA
AE&NN AAE 9& + ok a82g @9 FeE
A=A ged

ARG BAALANE BYshe gudFe (¢aug
= 413 2.

% HIOIEJHIOIS AAHIOIAM ZUIHEE 018 SAIMMO 505

/e A4 qG AU Alols] ¢4 duelF +/
/T YA YA A xE o A

Ut: AidE&Ae] Source(x): xF HAE HUALEAHH 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 corflict according to given lock compatibility)
THEN
Before(T) « Source(x)
IF (Before(T) N After(T) == 2)
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

(Y0215 4.1) HEHSHelt WUNSHHS 8 2025

See Adss F2 doleuolz Adue ¢ndF
SAM AHgaE A FEAN 2AA due B Foi
CELEE S Y

4.2.1 74 qreke] 2Aa dnydE

A|F3tE CCM-RDAIME Adzt 4489 AolEE 24
A7 Hi BALRS VM T Qe BE XY Alo]lES 3o
A} gk 23R AlEE AEE AdY SAHE Ao
81 BE AlolEdA A A dolE FEo] A g
T UAEE A F A 48 Y3 suE A A
& ABE BE Ao|EN FY87 el RE o
A 78T WAIZ] UR(Update Request)& HilE Ao
I, E OE FUE RE FoAz AoEJA o= ¢9
(YES =+ NO& Rof ¢t&s} HIE ZAAste Aotk
ZRA AlolEo] AFE A 19 AGAlo|EdA BE
s B M 1B FYES s, o A VEL
Aoz ZAHQ Fzhel 71ZsE AL njgt) o
7HE 7189 g oA dHolHuolAd WEY] Hojm2
e Adee 95T £ ¢

HEANE AgHo g Fgsin 7S JAL A
2 FYE0E AL & AEdMR FAd Mzt
A Ee]l T4 doly P20 & BE, 7| die
BE = Q7] WEo] BEANY 7|2 A Alold] EEo]
TS ALO]EE Atolo] dlojE 9] B UAXAEL AL
T Ut WA Aot WY HEANE BAs] 9§
RE AolEe] BAIHER] UGE #AFEE i)

BANaFE § BAAEANY 2HAE AFAYY =
E AR} Alo]ER o] Aglel WIF ANLTE ASs1,
7t Zogz AlolE2REH AALT 8 & AEA(YES)

4 v Jo
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EX(NOYY /& Bt RE FAdA AloEZRE
YESE &% #ow A4z (Update) WA E RE
oz AlolEg Bt e, AAgRE WAAE ZE
FoAz Aol EZRE 0¥t 23 BE FAERE
H ANgE dAxE e F P ARE d8AF.
NOol® 1 AdE @Wlﬂa}—”— WA E BE FHozd
A Bk oo U@ ¢uEEFS (¥nF 42)% 2k

/¢ AY g HE =ZYA} duF o/
s Ut Aef Tof die write 822 FHE FUHEAHY »/
/* WA G A message = (Tr_id, RS(T), WS(T), TS(T), After) */
/1 Aoz ¢dd AdE BE FogHilolEZ AREg:s
g
Propagute update message for Ut to the dl site
M2 FoRE2Yy FRIFEF
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
A3 BE AR RE Aol #rHJGE ANA £F  +/
When receive update complete message from all participator
sites
send ‘commit’ message to all participator sites

(YD2F 42) A4 Ftof e X} wN2AF

4.2.2 784 Ttoke @ox gl

Z3A AolEd A A &7 AAAE ol A s
BALES 7HX T e AIEE FHolza) AlolEd gu #
oz} Apo]Ex MA ZAAL Alo]EdA Bul= AAdEA
A7t AP L A=A E HASY 2N A 1 A
£ B¥3E d FY9 AEA AAe 4 AdY RSe
WSE zAbete] ZEo] #AstErte aeps UGS oA
& F7HAZTE UG dig Bode (B9 412) 71<dqt
At UGE AY AelEdA vt 9 dibztA #38 A
o] AAANEET FAHE AAAELANAE YeliE: =
2 749 adE2A AYrks 3 &ME BFse o
#zolrt UGY ==& A WEst JeE vehie ¥
=& 7HTh UGY ZH7t 7HE # de @8 Voe'st
‘Update', ‘Submit, ‘Commit &2 E71%t} Voter UGLH
I HAALE vl o A A YES/NOE 53§ Adg v
b3, Updaters ZAA7 458 AAY 3¢ BE Fox
Al B AANE AY 2AEHANA AEse] 7B
gHe 9nlolt}, Submits Update9t VoteZ via g g o
A7t e g 2224 AAALANE 4 A9 2AE
HEZ AEsgde guold. =3 Commire A2d A7t
gEsdgE AL guidt UG == A8 3ol Updatest
Vote2 vta2E :EE YYAAZ 7144 gethe RE
ZEHE At EA8A gede Fela
2xeg 3 F 2axse YJHAAY = AY ol
‘Commitf’ S.2% 7AY =28 saxsd o,

7} AlolEoA UGY HZL §7137) siv, UGS A4
He k=e ohge 2de] 9E3A HAE UG We 99

, 0ol xEE &

9 xE Tugd AATEE 87 AW T 5 kE Ao
of oix7} AdEct. WS(Tug)x AANAEAH Tugrt 7
g A5 F¥elx, RSME Ad T/ @5
AagEge Pl Tugﬁ} TAtolol o A7t B4E =
A% RAYE AAE g 2o

(3 1) WS(Tug) N RS(T) = @ : AAE oA T ->Tug
(Tug 28 A

(27 2) RS(Tug) N WS(T) = @ : BAE oA Tug >T
(Tug 53 A

(237 3) (WS(Tug) N WS(T) = &) and (WS(Tug) N
RS(T)= @) and (RS(Tug) NWS(T) = @)))

(21 4) 24 3 ad (ts(Tug) < ts(D) : AAY oA Tug > T

(24 5) 24 3 and (ts(Tug) > ts(T)) and (Tug®e AS
HA %) AAE A T -> Tug

(22 6) 24 3 and (ts(Tug) > ts(D)) and (TugE AE
€):T = #3g

(24 DAAM A Ty BAREAY Tugrt dolHIE
S 78 Ao o doly dEES 2] dEd T 3
g3 &AM TugE Mgstodol ke 9njojt}, (24
2) 42 AH Tugy: T7F o8& B Hol 2
dole g&e dig #5d4E FRddE A& Jud
th ol 7t AoEdA EYHos #ysm uA B
SAHE FYst7] giolth. UGAA Ti—T.9 #AE A
HE EMAA Tiol ToE Adgcths RS uldtn Tio
A2 x=g Aol Y dolguo]xe AFH 53
g F Utk o] axkxIDE AANMIZE AT Ut A2
HEE UG BANA8AHE %‘*—7}12 o A2 WE7E
=1, %% ARZE M B YT 224WMEE s
2259 R UGH Fristnzl st AdgAHY

22 A7 Y AAYH w2 d k=9 A2WEE A
Ae 22z z Ysta, 29 Aol ale AY W
T2 MEE £2WFE QYAEY d¥d Be A2WEE

R A2 SExEAR] A2UIE Anc) T 29

A7} iz AZASH 2203 E HAHA g1 &

2xE9 WEE A A2dzz o 2 g oe

(o] 43} 3 22, 229359 Asolfe g [d 44])
2 29I

[d 43) 2295 44
AE SellA UGZE v (28 459 (a)9 ¢ 9 A
B Tl e Utrt 2t Alo]Eof Hutsdctn 4k o
g Uti, U, Uts2 UGS =224 FEAAY 9siy 22
A2WEARE A Qhehar shak
Ty rx)wla) RS={x} WS={a}
T2 ¢ r(2)r(y)wx) RS ={y,z} WS={x}

Tz : rblw(y) RS={b} WS={y}
Ta & rlcdw(z) RS={c} WS={z}
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U4 &

Z (&

A2 UG

Q *
»{ U3
s(1,5)

sit)

s(1, 5

a8

(@) Vg #7F & 3H

4
s(1) s(t) s(1) U ZATYN SiMM J% AMEZD THE B
s 2AHEE el

b UuE 71 ¥ L28%

ut2
@ s(1,5)

©) Ut 371 & 2293

(38 4.4) Tot Ts2| 2AHTE FO{371MD} Fof MEY

(39 44) (@)= UGY ULE F7137] Holn (b)v Ul
£ 7} Alo]Eo] AAP L o diolE z& T2 44 29 FE&
HA|BE Ut,—Uk olA7F Aol HEd, AAE A
£ 48 dAE /HHEE AHE == A2HEE A
o] 22Wge stk O b)dEeA 1571 A9 EW
el A=A g T5=r(x)wb)sial. T571 744l
kel FA Uty — Uts] o A7t e At UGY ==
o (C)g} & 2293 & 7HAd (ClA Ay FE2
8 Ul A U2 7M. £8oX7 tEofadd Us
AAREOERZ AANUSE A9 AY UI2 YT
& 2 AEE JIAE xZd 2293 E Agsd Uns
Uty, Uts Uts®] &2WE7F FrtEo] (1,58 A2WE
£ 7k [

(A 44) 229359 Aol

UGE Ut — Utet 7HR3tT 3 A AlolEdA Ay
T7b 8 Fol Unol Tzt #5538 dojy 35& ANg
g & 2 Tie 8o Bd Fo Tie AAAEA
# U7l 2t Alo|BEol A s8gdrtx 84 o] o T,— Uy
- Ut~ Ut 8471 A8 9 ol Ute Tiol
o7 Agyel gHdct e, Ukel AXF +3 w7
A Utie] UGl ZA3HE UGHA AlejFol AAEel U
¢ B¥ Afe NO7 Heol Tie 23rt €@ a3uz,
A4P4L BAsA Bk F U 2293 Uk &2
H37t Aot T Afterdles 22¥3E 10 A3, Utg UG
d A7 o dFRE Uy 22H3E7 19]B2 T oA
Ut7hA] &4 27 EA4%80E AL on|gic}, Balde
& 7 Foll Afterdl UGAA U9 JHx==9 AsWS
7t E4std NOE SH3x T8 gy HIHe
238 4 ok ek Uto] UGAIA AAdcha BATFe
F3 Fo Al)EE F2E + gernE FENSEA @&
& 3o ARE v oHF EAE NAs] Yo
UG 2#xe] npqut k=9 A4 A4 AHrt 29 Ape)
EdA g g1 #s sdss AAAIA $x,
2 229 vla edE ‘Commit &8 vlax ol wela
olgig v AAAH EAE HEAY 4 Uk O

AolM Jled AAY 22UF9 Ave AAALAY
o} AGARE Atolo) FEAAE HAsY FF4L H3
2 G 57 AAA gad) ojn HFA AAle
UGY Azt FEQ4e] 2AsE UG 2o oA &
F718te] 228 AU 22T} Aftere] £85 0 Q)
om Az AlolEo] NOE FEHU. a3y Afterd] ¥
el A god UGS Alol&eo] EAslertg HAG
t}h. Alo]Fo] EAEA RO YesE FHEA 23 AL
O EZHEH $HE 7 oY £EF AYE Yl
=9 AHE Vote'sl v, Hoz AlolEE AR
A ERRE ‘Update’ WAAE wowd UGAA A3 A
& ‘Update’® vtasta o] w29 Y& =27} Commit
= submit?l7HE #&Q18te] Commit EE submit7t obY
W o Ade AY 2AEHNA AEHo APt wat
A UGe AATHE 8538 Ayl Z Aol AN
F ALE HAE A8 AHEED Uee Afterd)
Source gt& ©]83% Alo]E HE d= [d 45] 9 ok

[ 45) Afterst Source #%& ©1-4% AlojZ P&
&4 ANAE Ag Ut, U, Ugol o} o] (19
579 (D7 24 9 A9 AY Tt AU 844,

Ut : wix) RS={y} WS={x} Utz:w(y) RS={z} WS-={y}
Uts : w(z) RS={a} WS={z} Ts:r(x)wla RS~={x} WS={a}

(74 459 (Ve 84 UGZH 7HE =Eolth UGZ Ut
& AY 2AFHNA A& 7EFTE STHE 1 o
ol xoll tis] FEAAE FHA A ohE V12 A4AE S8y
Ut} &2 WEE T Afterol F71A7]1 7188} o)y
B #AE B#5-71EFE0 HAQYE AL ¢ F dx
AgAH g BAAEAHAel Y FEBAE YRl gl
At Tt BAHEAHNEAN UuZ 2t Y Alo|Ed] AE
8 UG e AAEC] 7HAE RSH WSS vusA
AAE PAHHE Utz —> UuR 7He oA 7] gtgolAt o
W Source(Uts)9} kol Aften(T)8 #2 ¥t glom
2 Q)T 2L AojFo] HAHNTE AL ¢ 4+ U w
A Aol EE HANEA Yk AlojE A fFE 8§
g % st [
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an UG
(1

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

(2) T4 : 100
Sl ) w0
™
utt: WX} \ e s
3) Ua
ROO)
T4 —— e t4
Atter(T)={1
After(T)={1} ST 5 P or(T)={1}
(4) NOIR Wi A8
Source(Ut3) N After (T) « {}HIR

EZJIRNR No %

(5) X3NZ WE abort SHUY
Ut40 TI®* DRALTI R discerd
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/% Node_Deletion_Procedure */
/e T AR A, Ut : g4
TS(T) : 2 Apo]EfA] A BE Ao B} g=
TSuricel Ut) - U7} 22559 of Ao 22&efdlA A3 g
oj A el X
Utnode - commit € A1 H&AHY ==& */
When Utnede from UG is deleted
IRTS(T) > TSuwrilUt))
THEN delete Utnue in UG
ENDIF
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& FP
When receive a ‘write_only transaction’ from coordinator site
/1 F4y gA due]EE ol gt ANHEAH U9
HEYHA »/
call 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'
/v 2 BE# @7 oqAA X3 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 g8 &/
When receive commit message from coordinator site
commit for the transaction Ut

Node_Deletion Procedure
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s YA gaalE s/
check_seridlizability_procedure
Tug 1 UGoA18] 9]el9] mx=
Ut - Ad Tl digt By ekl o3 BE AfolEof Heg A
H g A
T : ZHA Al]EE AEH A AHH  +/
/+ Ut UGH §9st= 39 »/
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
TF((WS(Tug) 0 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”
/x AtolE ZANEE @A o/
IF (After of Ut € source number of Tug)
THEN return No /x Alo] g B x/
ELSE IF (exist the cvcle)
THEN return No
ELSE mark state of Ut as Vote
return Yes
[+ 2AUE Pojils GA
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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