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A Concurrency Control Technique Using Optimistic Atomic Broadcast
in Replicated Database Systems

Hee-Young Choi'- Bu-Hyun Hwang'*

ABSTRACT

To process transactions in fully replicated databases, an atomic broadcast is mainly used. In the casc of using atomic broadcast, transactions
can he delayed because of the coordinating step among servers before processing the transaction. In this paper, we propose an algorithm to resolve
the problem of transaction delay. In the proposed algorithm, the transactions are processed by using the optimistic method. The read operations
of a transaction are performed in the site that it is submitted and its write operations execute its updates atomically in all replicated sites. Since
the transactions submitted to each site are performed independently in that site, their parallelism is enhanced and the transaction delay is prevented.
The serializability of transactions is ensured by checking the sequence number of transactions in the completion-inspection step.

M E : 5 HOIEH0lA(Replicated Database), SAIH&EMHZ|# (Concurrency Control Method), YRESA| M| (Optimistic
Concurrency Control), ®AH W (Atomic Broadcase), HAIEMMM(Update Transaction)

LR o|Eo|A dHelEe] daie] BE ool = FARNE Y
Eskx 3vHL, 3-5 7L
= AFE AadddAe 2idd o8 Ale]Ee dielg T dolgeladia AMEED e AdAR ez
F FEAZ gt 7H8H (availability), 4127 (reliability), = Eager 71'8%} Lazy 7|"°| $it}. Eager 7|¥e =axya
%35 (performance)E &F4AE 5+ vt & AMERIL Hof T Fo| AMRES FlA BE Alo|EF} T3 FHo| 7o
BE Ud(remote) &2 HTetA Fx AR A A H Ho|¢] FINESF dl 7igelth o 71y ARt ¢HYL
Hlo] o HIZste] ERAHAE A gl upet EdalA A Qs BE AL EojA] AAle] o|Fojz|opgt ghiz} 7}
MRS BF2A7R Hed FEANE T A FH ol TR e Al response time)o] FA| gom B
EHlol2s A8 F Alxde Adugds Frha7)7] 9% & HE&e Paw FoH79]
AAYELZE Rt AMEHe g oy, BE A Lazy 7|12 Eager 71 3= 28 Addsyt =d44
gE Fo ZE AelEoA wErHoer FPHLd FE
FEGED Jaust A A0de =AlnAR AedE e st | Apolge] e AN An sdddol 45 A,
toAE S AR A A 0RA of 7o 7k & FAle 4 A sdgE a4
H 3 2 oAy diesl as . agg grENATA
EEAF 20019 79 199, VAR 2019 849 49 I ARAR ERAL] FAC FAEHUL Wf diofHY



544 FHEMelEZ=FXD ME-DH Mb5= (200110

digel fE o Slve Aotk 2#Y Lazy 7|BE Z
Alo|Eol A ERAAGE Fysiz et TR FE Afo|Eg)e
44 g4 a78A g1 Xg94ez EdAd A7t ot
T3] "o BALES 29 4 Yuh Lagy 71HE Ed
Ade] H3&E Folx, dolE Y doE FL KA 9
ste] ANAs 2l A =AHHA) B[l 5 6]

5 dolguo]2e] FAA Ao 7)o A ERH
HE Yo o FE5 dojeyd 4L KA HHA
T EAAA] A g RE ARy BE Alo]Ed A
Zdrlojo} st olE fF dFUFeR A U T
el Erge] gt} v dApE wee 93 AWE
Aole] 7 GAE AD Fo QA HBEFE ZE Ajo]Ed]
dgainz 2EdyHde] 3o AdEHE A7 LA
Het oofe] ntE EAE A3ty 98 EANEL Y 5
Ay Eddde] ARy Ao FEAH FEE deie
S#AEQ FAA Aot 7ol £ AEFHI gl

2 FRedMe 5 4 873494 Sadd Oys A
SHezR f4AF Y E0EHEE ALY 9§ A=
EdAAEY AAdZAE B3 £ 9 whES Agtgid
ol#]gh A9e ERAH] AEFH Ale|EcH EWA M
ek A4g pHEL £P8 A dAAE BE A0E
o) gEaed), BE Alo]EdiA e wa =Eddd 24
7t dAE wria waAAY HAEE EAF)E 24 2
g}, WAA7E LA AR FHEEdE A2AA A
A d4ES dd9 2 HEH Hundoing) 3= A
Zu| g2 A BHok sf= BA7F LAt

atepal B =82 9@ 448 wEaEs olfe F5
dlojefulo] 2 gAAA 2 AlelE9] FetoldETL A A d
olEjHle| A2 #HZE VMEL 2 Ao|EdM EHHoR
FalatEA daAlds g40d ¢ e TAA Alel 71
£ Akt

B =y AL ogn g 23 71E A
AAE T8 diojewois Aliddy Eddd e Y
BARAL A, 3 E B =RdA Aldshs F
£ gloje{dlols AlaglTzs} ERAA T EHE A4
g}, 4ol S48 sHolE Aol AAM FAA HoE s
NZg dudFs AQsty, o dueFe FAY FFE
egeh 53olME A8 © SF ATUEE A4

k)

Mo

By o7

o] FAAE 5 dlolEHols A2 A H2lE
A 7IME EFetn, G#E A4 Al el st
71E P

21 5 d|o|EHfo|A0A EMIYM Ha

dielgidolz: £5F Z[Y A AAE Z Ale|Ed] I

srate R Asks A ¥el whe} Eager 7183 Lazy 7
9l 5 7HA R ER@cHT). BA Eager 71H2 ZEloldE
7t NS 2FYE W ERNHG #33}] He| FEE
BE AlC|Ee M Frig AEM Eddld dAES F34A
71z wyeld, & 2E E9LE dlolE ol Alo]EdA
Palo] Aol ¢RI} ohd FtE Aale] o] Fof
AR A sz whgelth ey B4 Ryl $@A7e
HE ZHo] Eddide] sy EA7F ST Lazy 7
W Eager 71§elA FA4HE Frigd g SARGE
¥3}7] flstel AlotE Ziyejr). EMANH Fe 8
dolE & Aojats Aol $£Heo dt g3xHd 2
EdAde g5 g s gatn o]F T EzfFo] 245
B A Az)d 49 A slel] B4 AHE s}
o @4k Faats wdlglor o3 dAH4E wAdn,
7} AbejEel el EdAMMe fashe Al 2
B2 AYQ A4S FAsH Rt LA BAEA
firh, & o] wE 1-AME HHrpeA S wAstA Zs
ool A4d dAAE HaFE ste S8de s g
Eager 7|92 F 712 d3g A3 a2 6] 3 ¥, &
glold By ERdAAS AZsE o EWsde] Ase
¢ AEY EAYRE ZE do|Hulo]2 Alo|ER FA|
Ansla Zalo|dE QT & Wgale] AAEHER Fo T
WA, EHA o] AEP AlelEd M Helo|dE g7 Y
2 Hygth a3 Sgelder) #Ede a7FEe 9
7AAAdE o2 dojHuelA AlelER Hupste 4l
2 gh}{19]
=gt Eager 71 wel ¢35 A4 278 of" A}
SN Aassel e g FAAZ EFE + 9

—

o]
ot A HAlE dolEle] FARE AT T AEER n
=6 dg o vhaE AlolEo AT ARE wPae
el 9la, T WAL, BT ACIEE AFoE FoiA n}
2H Ale|E7E glo] of" A|EdME B 27E F¢
o|lAEZSE 541 ol ANF 5 gl 71¥e] gl F
tEEAIEE FE AL F AR #BEE oliH
A B M T FA0] o)fojAng FARED EEHD

2AsHA Eo7).

22 “HH FAI4 Hof

529 4 dlelE o] Al2gle]| A= 2PL(Two Pha-
se Locking) 1rek& EANAE] FA4 AoE #sid
AHEESL Y Eels ETSIL gaEy FAA Ao 713l
B2 @ido] Eelx QITHI5 I6]. I o]f+ FH% 3t=dl
of ZHdZ ol&% F vt HHFH FAG AHoie 2PLE
b HE ddd Edae He g Aesty] dgEel
tH17l. o123 A% Eddde] g2 AlFE EoFd
mel oE T2adY FEE F/HAY F5 dolE o



=5 E‘"O\E{H’"Olﬂ- A AEIO| AT LEREE O

£ PR A Tejsfol sh= HE wAlx] Ade 9% FE
 deleHo] 2o HT vlE& nalsol g Ak [7]9]
Aol AT FEH5E dieleve]|~2 g3 Fr7H &o
HoeA HE Al2delA Be dlejeso] s Alo|EF} X
A4 E LANE ¢ odn, dolHs FEE ZE AlolE
7t Auo2 ¢t ERAPL] 7] Algte] YF el

T v 2AHE UEs2 9ohE AL RedFgul
Eager 7| read-one/write-all 7] & Al&3te #AE=
< EdAdo] 2AE Alo|ENH AdHoz Fyslu 7
& EE AlEEZ FUlst AAA T8t o] WyE 8
2! A4 wkE(Atomic Broadcast : ABCAST)E 71290
g 5 doleelx AWYHE IF T4 Zgujg
H(group comrnunication primitive)?) A}&& #Qrssic,
g A 544,11, 1214 2F FA ZEvlE
BE Abgsti glalgk 383 delg el Eie &
A7 Aok of e AR [1]ME B4 A2de A
2AE F7H717] HEA 2AY BAgeR FEd aF
4 ZEu g Yigroup communication primitive)Z Aok}
ek ol ZEmElEE dx4 W ZulgHe onE
N SRR i AN E P i e G I e A R
ol WE @4 bottleneck) 2.2 28l WAIAE RE Alo]E
o MEslr] del ZAUAL ?—133}31, of ZAAA #
7] ARl HAAE d9d £ glenzg oARs}
A5 A7 dAsA doh °]-§t Astr] HsA [5]

AE Y EdAAE F8 AolEdl ZA Adsm, &

[CI )

P& Fol AW AR 7L et F 0 2aA
B AN €A EAFEAE DA HRR 2y
& ALt o wEe gsm WA wyes
[0 ME 9x8 e zdudst daue 43
Hast] o|FolA ) BomM A FNL % sl
BEE AURY BEG AL 4 AolEe) RJust A

e b stel dgarolEdA A4 EdYyMEL
YAFIR FEEAdR AN Borh 24 Alo|Ed AgE of
FURREAE WA SRR WPgelT o] e
&9 AN BE AWE FUHT 1% AR
NolmolA FasA e WD B} 1S A4 2
F7b F3 AolEslA] Salolor 87 mEel FRelole
Hojsol FAF] shiel Hagde] AaAch =g, 7} A
o|Ec| A Fale] Fyul= AN EARAY £7 ge A
Fol EdAdEe 245 8e M tentative order)? FASF
B Aldefinitive order)7t Behd 7hgAel Wol B35
EWAHe] 271 geolAAl Hrh
mebA & meeld e Eager FEVIMS 7N @ &
T delellola Alzdl #Roq 7 AlelEd AE
EdA4E Syos sHsiEA WddE 47
U e SRgel FA4 Aol 10E A% 2E Ao

Mo

[

RIS

012 SAISHO 7Y 545

o

Eox Edddol dBEA Held ¢ JLE 4y v
& 7|vte g & AlZ$ OCCRD(Optimistic Concurrency
Control for Replicated Database)&dg|&-& zetsit}t Aot
F UnYSe A4 Be ZavjelHey wAgs 24 G
Aol ol A== BAFS sldstn 2B S Babg,

3. £ dlo[E{tf|ofA AlAH 2R

o] F& Acksii Qe dueFol BEUE F1 e F
& HolEHola AAF T2 Z A AejEoA] w4
Ag Adar] figte] AMEEHE dAE Wb diskd v
e (39 D3 o] A2" 32 B A2ES 7
oz dtal A do|Huelx AlxgEo] YEYZ e
AN Utk Z ZefolAEE 19 Ao dloE o] 29]
AuolA EqAAL] e 878 5+ ek 4 A8 4
AHo] gl dlolgwo]aE dolHE ¢d FhHEn 9\1'?
219 dHolHulol 2 Axde FEE RE dojguolx
o dEste] 20lAEI 2 N9 dolHuo]x f*lﬁ%‘-}Oﬂ
Az =2AHAE delgot

FE do|Ewol2oid EdEe Edade] A4H
Hehof AfolEolM pHH= FuzAA s Edddel 2

Tehe dolHrt e gle tE AlelEd ¢
BA2ER FAH2E, Edde ddEse &aFozm
2P F5 dejedoia AxEe Ha8Y AFE 96
1-ARE HAAE BEIRE @k 1-AHE ZEye
AAG g FAA Al diolHe HARE g
B3 AR fAE A8 A8 7Es AEE

(38 1) A" 7=

EQRHe Aoz qdekn
Aol A AAAAAE ek 1)\
HEEESE TR LI EE
2E FAMHE HANE Pt
: gistel SAABE WA WAXE @

249 F 2 9AAE dggr

o
2
)
o
of
|
puo



546 BEM2(ZI=IA D HMeDH HM5z=(2001.10)

ABCAST ZvE|BE o] &3t wAA m& AFse ol
HlEZ ABCAST(m)ol#t H718t3, ABCAST(m)& v
2& A 5AE wEach 3 dA, vk A8 59 gl
A 2kt ABCAST(ml), ABCAST(m2)E W&dthd 13
TAY A2 7 Mud dese Ae BEEd F
£ Mo m2de] mle] HEHAY mlde] m27} A"
oA}, T A, YUzt {atomicity)oltk kb g M8 s
A WA mE Ag@ddE ZE A (correchE AHE
WA me FAHY. 5 dojEuo]zd A EQ4EL
BE ale]EdA AN Ex dT(all-or-nothing) BHH=E
Yo EAdA A2H FE FAS 2R

4. B2 dio|Huol2oflM GHEH FSAY HO &

A

=l
2

o

o] F A Eager 7|8 & 7|¥o2 & S5 do|g o
2 @704 7t ApolEe AEH EWNHE FHHeE ¥
Pate] HlA-L FFA77] HE A Aol 7EE A
gl A otats AHE FE dolEwo] el A dAE e
Jldte g g Jda FAA Aol daelFEd OCCRD(Op-
timistic Concurrency Control Algorithm for Replicated Data-
bases)o|th. AAEAYHo] A2 H= Ay AAE vehkis
EAdAAHA9 e Aeo|x=st OCCRD ¢dxeid g 7ledt

41 HEE0l WiolM A EWH ML Mef Mol
28 dojeuol2 BAdA FBA PHE o1& A
A EdAAe] A= A, gEgAl oA, g5 =
A5 9AS ARA FA@, ol A A P
Aol (19 218 B,
gtz 27
(A E}MM) .
o g @_. Al fﬁ—'@
/ {Certifier)
83 27
Al {final state)
HYQT
L X3
(T 2) EEM MY Fo|=

2} Aolmg] A A42d Eddgel 4U% HAx
WZZ Rolaz e Jujl Boluch 4Y yHe 7
oeest a7 BE, 712 UL A9Gow Fdse
AizA Zooldes Eddde] BE//12L a7
dolemolze] 2T% dolHel gTotel ANES 3
o EdAMde] 4RE 27F WA dageielt
SR Al FoeldEst 4RF aTEY AN
A BAlEe] Qi BE Al|ER W, FAll +4s)
£ A4 EdAe Juds ngs] sy Edaase
A9 ee Sol Edae 9ue 2aE 440

HzAde 424 A48 w3l 240 g2z 2
o AUANTE SYNTE BRAu ABHe] Aul

= Ag4wz PRACG. vet 2ay
o Ay AulA Teoldest NG aTHY u2
HUZ Boiz 4 ATk

o

42 =2 dio|E{H[0]A AlAHOM Z AlO|ES| £E FX

o] dejxs ZE diojEiwe]a FHANA EdAA 4
B Holko] mat = AN EWHRE T 4
A Bag 7 Ale|EY wE FEo] Feto edd 7}
weel PAASE (T¥ 3% Zeo] EAQAFA, 2
29, AE9dA, H357), dolguo]a Muls A3 W
FREZ TAE

F‘é}:)lggi .S Se0IHEn

A

\l C_T r ES L J
I
|
!

N SN —_—

_
| mazawn o=
[N _ =
4 4
Eumans )
(Transaction CHOIEI 10} AHIA
. Broadcast)

EdHE FY
(Transaction delivery)

1
i ;
MA@ ] WA A&
{Send message) ¥ (Receive message) !
HER3

(3% 3) Z2C(0/HH0IA AlAHINA S22 3=

goldET} A2F EPMAE W
sty EdNMe] $dddE Zg
o|dEMA Bl ARS AT EWH el
A FHE 7] Horginating) AAET S A2 {remote) £
AZE 7 gli=d, 714 23 Fe s EW@qH0] AEE Aol
e AAZYoln 93 AAZEY= WAy £ 3
ejal= b Alo|Eelth F Z Ale|Eg 2AEEE 714
2AF7} H7E dtn 94 2A4&H =yl ¥vh o
A 2AEHE AgHoz PN EAANAE Fa8r) 9
st A2 gl AFL a7sn Zelo|¢lEr ELD
A BAYAdA ARE 2vEHE 2AFYE FHREE
E3lo] 78 #@ BE A|ER A WAAE WEH o
of 7P A A7 e "B (Tr-id, RS(TY, WS(T, value),
TS(T), last SN)gHe £t UTh RS% WST AY A
o| oA FAd F¥HE= EdNAE] FE #ARE L7



S5 OIOEHIOIS AJL-OIA 22N A YEE 018T SAAN0 718 547

AElA dadt AgEH, RS EH#AH Tio] 3533
ol , WS(T;value)= 7]%3 7]-‘&% e Jehy= 7=
gelrh. 18]y BIARE gk THT)E ERAAY £45
AAst7] A Dasta, last SN {Sequence Number):
A EdA ol AEF Alo|EoA 7HE #HZol HAEehA
T3 Edde ’“"1‘5*1015} vter AEV1E EHE

11&

re

EdAPel A5 & £47 Add @' gz Hol
#r Ei‘-Jr ATHAz AdEd 2 2ARQ3L2 HE A
He AolHdA 714 2siEeld ojsjx Hslgr =@
AHALLE AEd MelBdA sl /5 dUEL B
T Alo| B 7] Fo] o] RAARE g} o]E FHLAS
Atelell EARM ] e oo we}l Gy dhyo)

gl s ANERAAAL A ds o (29
)9} ot

(0¥ aH 23 7t SeeldER EABE EdHY
FE|atel A AEstd EAdAR DElA= o AM ERAA
o] AMEL 71" AAZHAA 2AFNEE @) 7)H
Jﬂgai“ I A A GAES FAET A AF

S a7ty AEINE s 7S Ed g
‘Ex’r&i‘ﬂ #QFTes FPgch et FoldET} 9B
2 f95hE 2E BEALE AEdA A" 5 JUEE 7
A HAAE f4s g AFE BFEE A BE 9
A pEgch 4 el oA E ddite Alelel= B4l
EfiFdo] A9 ato|EeA A 7HFErle fHalsle
gx02 7F AdF(wite lock}e &5t $a& AFg)
gt & 44490 AATHE 71E294E HEs A
Heleiuejzdis FAAdA e 2PL3E WH[7l u
EWANHE FEch FH dojeulelae B8A NF
1AL 284S 7I1EeR &Y ol EdmMY du

& B
- T B |
client
A& (B a)

I'

oo
i)

i

e 8 8 X

ok

43 OCCRD %2Z|&

o] AolM& deldrzt ¢A F
742 ERAHE slo]e] ARHE FAY F U+
ol Ho| 2E S FEH FTAY Ao duHEFY OCCRD
& A

Hotd = OCCRDY A E8oldEs B8 AolER Ed
HAL A& = doy ZE RALE Ale]EY doly &
Bof Fdd 3E AAINES @} )2 $8 EddAe
T Aol EdA FAld 3]s AN Edie
FAEA 7| 5A4dE FRAYE F A2 diE
ZHAE HAR F Ed o] FEo] dad

o odlejeo] A wET AT
Al Ageolth whek F Ae] ME hE Aje]
Eo A %A] A sdHE ERNPe] FES WAL
3% & e ERAL HE A FHe),

EAEA TIS AE Sle 2 #2Ep, EdlA T2:
AolE 523 AEFHATH HskAL Alo]E Sl ME ER]
AH T1Zp T27F A4F Alold] F3o] dAsk=r1E A}
st EdAPe] ¢48 ARt Fo EdgAs oA E
A FAEn e AN EAAH S o] el el
a9 #=A47F FHHARR olF T 27E Jgt 2

A4 S1elAd =EdA4 Tio] 48 Hed 59717 =
of EdA4d T2/ ¢85 AU E Sodidd, =844 TIE
T29 Adelefrlo] EAskA] 247] wWiiel #AF5 dAE 59
= Ageld) & EWAdAA T29 WS(Write Set)< T14]
RS3(Read Set) Abololl wi§ol &8t g F$olnh

A2 SlelA EHAL Tlol 48 48 o o T27F &
2 AHE 23U SleAde K9 g4 AenAIE
of gElA AHAdd gulEA god TIL EY AFG

A FrEel

F SmA BT
[ —_ —— o e ————)
A "'""I'FEJT%E:';F»GE""""'Tj """"""""""" ==y
2.0R2 o1
oo} aam AHEH S o
e ‘saam__
a. - - e e _—
B usan [‘ HEo@zn ]‘-;‘3.9:’_ .
- = EOIEIH oI~ I
if ul REdaE S M4 i
6. vk S B0
basman  poosSSS2%STIIIIIIICIIICISSIIIIZIIIIISIIIIISIosIoooosescd
u W e e e TAED
o ANEA
S
,.-_--.'_'.-7_._:.'. - .EE:::'.::‘.'.'.:’L:'.'.: pipdydpiiyslyuivlyslysivaivulpslysipuivnlpsipudyslytysydysypipi
=
jl— AHFE HAES
W oWl RESE TR o.u S JME AWHD
c. ufl CIE JIZB3 QF ullk &3
e ¥ cumOEdImEI ST L um e
' mazam L L aoemossma
i __sEEER_______ e



548 HExZEel=FX D H8-0R HO=(2001.10)

s1
curr—SN(0)

Tl #5Q7

last-SN+12fcurr-SNI} . last-SH+1
Sg5) 020 220 - last-SN{(0) =cuer-SN(1)

TI0l @5 HZ
passaio| B0 B

BEEH SRy 0 B
54 fRiCh

last-SN+1<curr—SN{2}
0|22 T10) OHX A&
% passBiX et

GEA=>BEAN

T2EIE B7
e — T

last-SN(Q)
last-SN+1<curr-SN(2)
=>S8 A

(g 5) =MHSo| sl FEY HA

7493 Sleld EAA4A Tio] Asideeln, T27F ¢&
AAL Aol d&u T27F Tle Eddde] @480 55
o] wrAFthd A A Feo osia] FHge] Hagdrh
Z Tio] 95T dolge e Edld4 T27t A8
Ao gg BEsm e T2/ AMFdgE Mg 2AF
of ojaix EdAL T1E dHch

A%4 ERAH Tlo] £afA} Aed wf T271 S1elA
47 A3 Bty & Tiel T2 |54 degsd=
olvjeh ot webd WS(T2)% RS(TLAteld] o] &
AstA] gowd T1e gdadaxm wfde] £Astd T19f
A4 HE:e AudHy o2 EWHHE A Ak gt 2
Zi T27 |5 diojel & Tl AMFE A=5-718 &
Zube B zItkd T8 T1e] Ed4He] =g Az
AA 7T 23 FE-7|EFZ0|d V575 FEo] ¥
A old $EL Az £ glonz FA A3
AU A AFAziel Ty 5% dlelgld diste 7]
718 2598 2% oz d ENNAL HI AT
% BlAwE gg unds BYsEE o] 713
2 EdAe dxel FHHEZ dch ek g E
WAL ggAld ulel EdHe] A= &L A
F it ole] e ol o1 2

2

1_

o

32

[dA] 1] Edmgdse] A" ¢4 AxHY o
ANEWNNA Ti9 T7F dzb Alo| ES13}; 5264 ch&-32)
go| FHgctn 2L

S1:Ti:r(r (Wwlze RS(Ti) ={x v}
WS(T;) = {z}

S2:T; v (xwly)w(ze RS(Ti) = {x}
WS(Ti) = {y, z}

Aol S2014 Tk gEAdE Helsyl Al T @
274 ddg AReon o T8 BE deld ofold
vE TelA AAsgoRa T, EA9AE A8 (abor) €.
2§ edgye FAEd7 shEne o F Edd

e
o g

O]
)
&2
” o
i
e
e
¥
o)
=
i
-
)
N
Ju
l‘-?l-'-
2
&
=
L
)

SaA 7] WEelvh ol zo HE E
Btz gro] HlaHo BYAH|E gol o &
e

L
2
=

drﬁﬁ.fﬂ-‘%rﬁ
O
Lr.,.j

2

e

da 18 Eile] & 7 d&o] HIE ENAAY gz
FME N2AT ot EdYde] GBEL PANH 7
ok Ela 7zt Abo|Ee] AlEE WAEAAAL HY A
oA Fdstn F3d HA3E BE Aeo|Ed uyss]
el AE GE Alo|EeA s EWRNA Aol
FEQde] AT $ gonz B Ao]EdH EWRA
o g FYEA FHESF &) et ABAE e
e Al G2 BARGA $HHE EXAA 78
bl gk ARE dag 3t F Alo|lE S24d4 dF
guzEL et Tio] 9hm A4l AR Hol|Pg o Ao
E Sl1elA T271 o8] o] #xvhs 318 odojob Ak
ol#l gt AME= =¥ E(Sequence Number : SN)E AH& 8}
o A3 4 AlelEE F oJle #ARMEE YEdE
last_SN# curr SN #1& fA 3l last SN& ZF4lshe
EdALE BE Al|EZ BEEl] g b A2l 4%
9AE B3 § SdAAe FAUIlth o] SAUHET )
A AR mell EFAA WE{ABCAST(m))3}k1, Curr SN
& 7+ AbolEd] EatslE BAWAA Y] SRS, B
AtolEo A FUT wANEE FA ST ol H dES
2 wrgo] 1A= A gEA g F 9444
F2 N7 TE Ao|E S13 §204A 77 mlAlA] m¥Ft m'
BUS o mAd m'e& BUld mAe] me] =3
Ade 7HAER A dAAed dE T FARE F
olgk SN9| Zhe 7hAIE Al " Ast BE BALE SR
38 o s 2ol AFAAE T A4 wAA
o dst =ANEE A =7 Y (piggy-backed) st FAF
B=F drh
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A ERAL T1o distd A fAZE Bdsis AHd
A 7 Ao Y EdAde] EAER) 2o SN
e 0 o Wit 7 AplES] AW E(last_SN)E
F3F A WAAZE 23RS o last_SN+13 curr_SN¢}
g Haste o] £ ghel AXFA YPrukd AM HAlA|
g B Al|EdAE g EdAde] g b Ao
At &8 AHe) lthe Aotk 2EE o|F Ale]d @
A £ e AUE Afold FEALE St EdAg
EME AFsleiol P 21t o] £ go] HUW ¢a
HA BHE T4 EdA4e] gide ze dehlzz
FTEAANE 8A 43 EFANQAY e dadE gz
Holstdd 2+ Y sAFHAA AEdt] AN HARE
Al g dch o9 oA 1S eMNEE A g8 e
W (O 59 2 ol g AHA HAle ¢ 4
T AR E SaEEE (xS D Zrh

/* seriglizability_procedure +/

A last SNUAPOLE jd, T1) @ 2F3 # 20 ¢ HE @48 5

Ed#a9 SN

curr SN(AFS]E_id, T;): 2} Apo]Eel Bl TgojH HEFEsEZ
A Edyfe] sy Eoln 27
e 0ol

WS, RS Eddg dilo) #E53 7)1 5d459 JF

T:Hda A2€ EdUH

T TR 90X g4H Edgd

curr_ SN = curr_SN+ I
if {last SN + 1== curr_SN)
then return ‘serializability passed’
else if (WS(T:} N RS(T) O
then {
fiRS(T) N WS(T)+ 0
then abort T /x Afo[Fo] Wy «/
else if (WS(H) N WS{T) = 0)
then {
FTs(T) < Ts(T)
then T; ignore
else execution ordering of the
transaction Is T— T,
} S EWAFY =g B2AF T
—Ti8 oA E 7hg
1
else if (1S(T) N WS(T) * 07
then abort T
else if (WS(T;) N WS(T) =)
then if (Ts(T;) < Ts(T))
then T; ignore
else if (Ti has been commilted)
then T is aborted
else execution ordering o the
transaction is T— T;
else return ‘serializability passed’

(LTRIZ 1) WAl SdmN HFM HALE A8 25|
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Ot

£ OlES SAIMM 71 549

(ZaF g B8] A4y AF5E ok AAvAA =
A4 dolH #&E 71557 fsted gg duE delHul
€48 JHE delde EdGAL s F oA 9y F
ShE A WA EdAR Tie] dqig A dAx)s)
stEold AbolEEtd 2 ERAHL oju] 7E g
A7) WZel 7IEFALE dolgulo]ze wigs T ¢
Ak ofud Alg A4 dlole o] Mu|2eM 7] &
Eddde] Asn A WAz A" RE 7| S
2o @ 715 FFE A wEAelA aTud. odd
FHL THY RE Apo|EelA AzH g Lajug g
dAof oM FdatA sz, I A By o2 3
2 ¢U¥ F dod 54 FFE Fodt 2y EH
Yd ToF 278 doly & FFeo] A= Qrd
EJRA Tz di7] ol FAEC A Alo|2dA +3
He 2dAds A vAAed g daEwe] $Eo
eAdstd Zh A9 g gElAs A EdddeA it
e TR ¢ AEH 3] ke A EQNHE A3
Ak wep A M A ez FdHE EdAA Tk ¢a3iA
el Am gE AN EWAE T daed £EHE
715 ZA3e AL o o] EdAH Tie @) 8
He T ERAAL] AYAMA A Fo s dnts A
& o Atk webd ERARR Tl 350 B dar] A
Al Aalale Addrt oy ER@RA T7 23gdd
4 718 d4kE A48, Tk €5 dA 4EE 533
| oo g dike £4E ¢ led Edad T 7S
el 25 71EHEs oy AsE ey2dEst s}
A2 ke 94 gleg A"

AR 4 ZellA =29 A4 Eda4 galg 43
OCCRD €252 (gue§ 2)9 Zrh

I

S AGedgy fdal dudE o
T: A Alejzg y2d Ega4
UM(Tr-id, HS(T}), WS(T; value), TS(T)), last_SN) : & oAl
T T8 A A E i) de A9 gy
The lodc manager of each node N controls and coordinates the
opertion reguests of a transaction T in the following manager */

1. Executing state : /+ 29} Apo]Eefx] gaixe »/
(a) When a transaction T is submitted to local server
Assign time_stamp TS to the transaction T
(b) When a read_only transaction T or update transaction T
requests a new lock
if (there is no conflict with setting lock)
then {
get a lodk
perform the operations of transaction T
Update RS and WS
}
else the T is blocked

2 Broadcust siate : /+ SEyE «/

If AT is not read-only transaction)
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then {
broadaast update message and last_SN to the all sites
/& RS, WS, TS, last_SN */
change the executing state of transaction fo committing state
}

eise  commit.

3 Committing State : /+ HEFASE ~/
when a update massage received
invoke sertalizability_ procedire

4 Commit State = /+ @EXE: AG 2HqgeloA oA
4§ FlFESE FE 8
it serializability passed)
then {
change the committing state o transaction to commit state
Upon delivery of WS request, lodks for all data item in
WS in an atomic step
(@) For each operation W(X) in WS
i. If there is no lock on X, grant the lock

if. If there is a write lock on X or all read focks
on X are from transaction that fove already
processed their commit stafe, then wait
untit all other locks are release and the new
lock con granted

M. If there is a granted read lodk r(X) and the
write set WS of T has not yet been delivered,
abort Ti and grant w{X).
if T has already been sert, then broadogst
abort messuge
(b) Whenever a write lock is granted, perform the
corresponding operation.

(gi2lE 2) X% ENMMS Halsk= 0CCRD Yi2|E

{aA] 2] Alo]lE S13F S2(S1 = S2)elA 2+ 784 Edd
A TIH T27r A s u shap, A|gdoz 3
HE AN sdM4E O3 2o

S1: Tt rix)wixle RS(T1) = {X}
WS(TD = {X}

S§2:T2:r{ix)w(x)wlye RS(T2) = {X)
WS(T2) = {X, Y}

A4 Edgd T1 T271 2 Alelg 813 S2ellA
= AFe (29 67 (28 74 BogFn Utk

HOIE SI0A «¥9E EARAT]
ue pER-{:] T2g &l =al
ases
@] l e By
T updals " BEEA Tée HEEAE pass
L mesaags
© begn T29 J1mE 10 Yol Ol&
R 228 RN OZN
Lowre T WKL RS B A
oot Tio @EEI0 W Y WAR
ABCast{m]
i wuEA T19 cartification : faf
Messape | TI12 aborted!
T29 wiv,bie BEE + 20,
| owiB)

(3% 6) AOIE S10IM == EHHA T

MNOIE 5204 $98= EENA T2

a T #A T22 #A 1]
[CBen waen
[
[LxEb
I

commil 7 HEINEN Tz Ad WA AR B&

wpdate 1 E3-10% | T UEEAW pass

1+ Messoge fl
[ e T2% commitad
[ eommin”_]
T “upddle WHER 12 gortificatlon: fall
L_muwj l

ru

—

(38 7) MOIE S20M S8iels il EWMM T2

I

99 (28 &) (2 DelA e o] 4 EdHHH T1
1 T27) A6 Fafe of T29 74 wAxz} T1H o}
AL ol #AE GAE 94T EdAH glem
T27} A% @AES SIS E 3t Alo]E S2e4 T2
gz A ZIch 2} Slelde T29 A4 d458 JE
UehlE WSe 24F H43n AR Tle] o
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g o 1A T2¢ 71E594 wixbe AddEt
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T12) RS% T29 WSAlele]l X 59 m3fe] H4EA
Hoz A4 W4 T1e A3k el T2 del
B #E X d# FF¢ dojq Add 4 wX b=
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