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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 case of using atomic broadcast, transactions
can be 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.

ZI9E : 3% GlOIE{#f0]A(Replicated Database), EAIMK O ZI¥ (Concurrency Control Method), S2H AR 0{ (Optimistic
Concurrency Control), #XH & (Atomic Broadcase), WAMEMIM(Update Transaction)

.M B8 o|Eo A de|El9] d@Ae] BAFEolof gt EAHEL U
Eaks U1, 3-5,71.

4 AFE AzddMe £48 d8 Ao]Ed deld ZE gojgHo]Ad A AMEHD Q= QAT yjHoR
& FEA el 7144 (availability), 2134 (reliability), = Eager 7193 Lazy 71'o] Ut} Eager 7|8 & EdaA
35 (performance) & A Z + Atk F AMER7E o] T8 Foll ARE Jhd BE Ao|EFL B7]38 Hol 7jalo]
g 93 (remote) 22 H28A ¥ AHE A9 dHold o| oA EE sl Y|Yolrh o 7L HHisE FHL
Hol o] HZste] EWUYHAE Mg wet ERAA A BAsh), RE Alo]EdA o] olFojxolut gEsl v}
ZATE AN AeE FHANE + At F8 do Satng e $9AtHresponse time)ol £7 gtom @
EHuolAe A4 & A2"Y dudg F7H9] 9% & H8g gag ui7,9]

AAUELZE LAFY AMEHo $tvh 1@d, BE A} Lazy 712 Eager 71 3e 28 AAAd7 ERd4
S5 Fo BE Ao|EdA HFr|H o FYHEY F¥

* ;‘?ﬁiﬁﬁﬁ?&guﬁfg;j;;g;; Ao 5 A g AtolEe] kg A An ERAe]l £3sA .
J ;3 ;1 g;ggﬁ% iiﬂj ggﬁw I, o] ZI¥e 71 & FAe 7t A9dA FY=E ERAM
EEAS 0019 749 199, HAHEE 1 20019 89 49 7 A EW@HPol FAld UL o dHolE 9



544 2 xXe|=z=8X D M8-DH HM5=(2001.10)

deAol gald & o= Aot Y Lazy 712 7
Aol BN EFALE FHstE FUA T8 FTH Alo|ES
47 §Ae a7 ¥3 AgHez ERQMA At v}
k7] wEel BAHIEE EY F Stk Lazy 7S ER
A9 &g Fola, dolHy dud gL FAS] 4
atof ANz EdAAe) A 24AA7F s, 5, 6]

T dolgso]xel FAG Ao} 7ol ofEA =l
A Y o F5 ol dade FA] AiA
= EFNAY A UE EE ARV BE Aol A
geojof sted o]E AT WAUFLE ARH WF =L
el Erigo] o 2y AxA e 94 MHE
Atolof 23 GAE AR Fo AN ARE RE Alo|Ed
Aadtez ERALY] Fyo] Ads= FAVE A
gt ol e FAE Hds7] A3 edNAL A F
A7) EdY o] ¢aHr] do 24 AFE Y&
G@H FAA Aol Y] FE AMEFHI A

£ =RdAE 5 24 #7444 GaHd wEE A}
oz A ¥F ZvEBE AHEE W BAHE
EWdHAEY AATAE RYE F A= W E Agdct
olg|g AL EdA0] AEH AlolEdAA EdAYAd
e ANe Fdstn £ 29 WARE ZE AE
of Wstd, EE AlEAA W @32 Ed¥d &4
7t 4AE A WA Aee AAAIE LA T
Azt WA BRI £M2 AgEod AFAA A
AP dAdEs 9 R HE 2 oHundoing) 8 A
2H§& A s sk FAZE EAGT

gebd 2 =i GHEd 43 AEE o8 F5
dlolejslo]x &R 7} Alo]E2] ZFelo]dETL A9
olgHle] 2R AZE AVEE 1 AoEMM FYPHow
FYhAA WAd e AN F A TAY A MY
& At

2 =89 74 OgH 2ok 23N e 71E ATl
AAE FE dolgmola Axgd ERHA g2 Y
B EARE AN, 3FeIME & =M A @
B dojelulo] 2~ Axgrze EFAM A 2dE AA
gt 4ol ME F5 vloleidolxd FAAY AolE AHE
Mzg dueFe Adstn, o] dudde ARY A5
Zledt 53dAE 48 9 ¢F A7HEE A

2. B A7

o] FoAE FH dolEuoll AR A HelE
A% 719E BHL, GaH FA4G Ao Wyl dato
71egt

21 5 oio|E{H|ojA0A EMTH pa

dolefulol2= F5 7IHe A AFAE 7 Aol A

oate Wy AAse Al wel Eager 7183 Lazy 7)
M ¥ AR EFEHT. 94 Eager 7|9 e FdojdE
7F AAE a7HE W EANAE gdasy] do FEE
EE AelEA E713 AAAM EWdHEA AAEE A
7] WHloltk. & RE &uig dolEHol X Alo]EdA
7gale] Aol gEERvt ol i 74le] o] Fo]
A2 A st ettt nElu B4l BEH $9AIzte]
Uy ol EdAMo] Jdse EA7 S48 Lazy
H& Eager 71HolA HAEE Er)ge] g SR

Hatz] fiste] Ak Yotk By ¢ T8
doiel g Aolshe AWM 3o U gduHwd o
Ed@AA0 A8E &3 o|F FA EFo] LAE
W AR A7l Mol Y stel A Aite Autst
o AMNE FHPsl= dhieler o3 YHAdL BAE,
7+ AlojEd A £3HE EdMd 483t AW g
DE A9 e FARA RIdve AL 2AEA
el & o] Wi 1-AME HHsbeAE HAsA £
i e daEE AR & $8de HgskA g

Eager 7|2 7 /b2 f18& AFTHA2,6] A HAA, &
ZoldEv ERANAE A& 1 Edde] s
E¢ AE2E EWMPEL ZE dolEHo]A Alo]ER ZA
st 22olAE 878 et Al E g 7
WA EdHo] AEE Alo]EdA] FEoldE 2T Y
& Helsh zeln gEoldEst dadie 27HE o
AANANE O dolEHo]a Alo|EZ Hujsto] 74la)
22 grH19]

93 Eager 71l et ¢85 E B4 875 oH A}
ol oA Aalsti=ite] wtz} U g FAAE EFE 5 9
. A WA dojE e FARE AT Qi AllEE o)
2~HE #g o vpaE Alo]Ed AR A F3E 7]
ol qli, ¥ WAlE ZE Ao|EE 1§z R ul
2 Alo]E7L glo} ofW AlolEoXNE A4 8T7E F
OINEZRE 4l ol AAE £ gl 7|Hel itk F
ul2E AL EE Fi A F AR gsEe vlay
ALOlEo| MRl o] o] R B FARLGH #HEHA o
wrAE A f o7l

>

)

22 = EAM Ho

e 48 delEslolA AAgdAE 2PL(Two Pha-
se Locking) #%& EAHRHES FAAE AAE st
AREE T gl Btsta iy A Aol 7MWl
B fAfo] Rola U5, 16l 2 olfrE FEE =4
of A4S ol&d = sdtw H¥H FAA Alole 2PLE
ok of e ERAAY AY Hes& AT WEol
17, old 23 EWHY %2 A HoF
et oF z2add FEE 7T F5 dolgH ol




i

S5 HIOIEHIOLL ALHOIM SRR MY A 0183 SAMHMO 71y 545

2 BANA zEol s L WAX Add 9% FH
¥ diojEdle] =9 M H L& mE ol gt Ak (7]
Aol AT FEE dojEuolAaE ¢dd ¥713 3y
AatAl Hw AaddeA Be deleuo]lx Alo]Er)
A4EE AL £ 3, Holg7t FEH ZE AoE
7} Ago g Qo] EdAMY diy] Ajzke] Ui ZHolF
T ttE FAM S WEsT rte 2e RAFAh
Eager 7|¥ <& read-one/write-all 71H& Ab&3le] @&
2 EdAHo] FAE Ao|EoA AHHoR g1 7
e BE AOJEE §57)3 AlAHA FdF) of Wy F 8
yol 9423 94 (Atomic Broadcast : ABCAST)& 7]1#.¢o
2 g F5 dojHuol~ FeWd e F B4 Zeng
H(group communication primitive)9] AF&-S A¢HalH ).
oy AR £84[4, 11, 12104 2§ EA Zajulg
BE ALgEa gAlgt 22E Holg AgeA Rae &
A7t stk o] WS 2183 [11]el e #A4F Alade) A
aRE FIHI] Y8 oA BAYeE %dd 1F
%Al Zn€| B (group communication primitive)& Al¢tsh
Hqeh o =ZamElEE A=A w4 ZywglBe ou|g
Agsig o) Asg AT Ae 7d dER 7|2A
ol #HEd(bottleneck) &2 Q13te] WAIAE EE APOJE
of dgsty] Aol FAGAC dasty, o] 2HGAN ¥
7] ARzlE dAZE ded F gleng WAzt F
dxE FA7F 2AEA "ok o8 sHFEy] AsA (5]
Ae AN ERAAE FE AO|EA HA] AEsiL, F
P Fo AgE FMUE £PE 9T F 1 EW@S
AE9 AY A7} EA48=AE HAE G Wy
& AgstAct ol s FFHum BAHAY Yo
[10J e 98 vl A7} =dgie 33
Wasta] o]FojAA Fosn AHEL FANY £ e
WS Aokaodth WEd TAE 7 Alo]lEd FHEL
gEtE 7MY slol slFAlolEciA A EWYHES 5
PN FEeAUE BN ARst ZF Afe|Ee AdEo
FHHANETE A B Polth o] WHE A

23

£9 AolEdld #S Mg FARL T AYES BE
Aol FaeA e PHET #SH 1F A4 B

F7t B8 Alo|EoA F@sojof 7] ujie] FEuolH
Hlo]x9l EAF9) syl WaAdo] Mstgrt. EE, &4 Al
olEdA FAld == A EAMYHS Ft B A
S0l EAAAE A5 (tentative order)d} &85
A (definitive order)7} @etd 7hsAo] ®ol B3s:
EdHe 571 @opA A @k

gt B =FoME Eager $571¥& 7vtes & ¢
8 dojewlo]x Alx¥l #AHA 2 Alo]Ee] AE
EWHNG Egon S HAAHE FHAT
] 9% J#HA A4 Ao 7iEE AdEL LE Ao

ol

N

Eda EdAHe] AdPHA HEd ¢ =S 944 ¢
& 7|yreg g AMEE OCCRD(Optimistic Concurrency
Control for Replicated Database)¥d118]58 A¢tstct Ak
3 duEFe HAH wE ZeuEl oA dAEE 2y
Aol ola) AAsE FAHS sty JEA-L nggn

3. 8% dloje{HjojA AjAY g

ol F& Adet v dnFo EdE FI YE F
B doleuol s AlA® GRS} 7 A APOEN A w4
AE dEsr] dste] AgHE 424 wEe ke v
0. (29 DI 2ol Axd F2E B4 A2dE 7]
dte 2 ko] A9 dlojHulo]| A AlaglEe] HESR Yo
dAs o A 7 FeholAdEE 19 XY dolgHo] 29
Mujoll Al EdAe) AHE 87T 5 At 24 Ao o
Aslo] gle dHeoleHlo]AE HolHE 4 FH3tn g,
2o dloleido]2 AAE FREY RE dHoEHo]xE
I @zt FepolAET 1 A dlolEvlo]x Al
Azd EFALS gt

T8 dojHuol2oM EJHPNE EdNHe] A4d
Hdefo] ApolEoA FRHE FEZEZAMS EWdYHO] 2
Tt dlolEt FEEHO Y hE AlEd e F £
2AAER PAHRG], EdYPY diEe eAFoR
Ay, S5 deoleulols Axgle HaYd HEE #9
1-AHE g4 S UEGEE v 1A AE
Agge dF FAA Aolg dolee BALZEH W
45 dBAd wAE AP 3R V1S AHSET

22l0[eiE 3

zt M= Algd EddAE A eg Asa, 948
AAelA 2E k& ABjol A BAWAAE FEE oA
& d3AH g mYvEEE HEA dPdh dAH
HEe WES SAR RE FAMME AR E e
A& ouidtt olE fste] FAMHE UA AR E T
obAl g Mulgt &M E 2T F 1 HAAE FEdn



546 HEXEISRI=EAI D Me-DA HM53(2001.10)

ABCAST XZju|g|H g o| 83l WAlA] mE A48 of
HEE ABCAST(m)olgt ¥7]8t3, ABCAST(m)& v}
22 M EAL 9Egc A A, ek Ay g9 gol
A Z+Zt ABCAST(ml), ABCAST(m2)E w$3cid 18
S FYT £AR A N¥d AgHE AE 2AIY S,
2E Ao m2de] mlo] AEE AU mldel m27b A4
Holdk, F AA, 4A4 (atomicity)o) . ek 3 A s
A AR mE AL BE G correct)F ABE
AR mE& FAFRL FE dolHuolidd EdYAL
BE Ao|EA A¥ EE HF(all-or-nothing) FEZ §
Jelo] EAAAY YA FE 5EAHE Bt

4. £5 diole{ujojAoM SE FAY Hof @
a2F

o] oA Eager 7I'Y& 7IWo g & F5 dojeiulo]
2 B A 7 AES AEd EWYHE EHHoR F
gt} WL FAAI71 A FAAG Aol JPHE At
gt AdEE 7IHe FE dolE o] 2o A LS
Zigto g 3 J#AH FAA4 Aol &£ OCCRD(Op-
timistic Concurrency Control Algorithm for Replicated Data-
bases)o|th. BHNEMAMo] Heee My AAE Uehlle
EdAo A Ho|xet OCCRD ¥¢u8lE§ 7ledtt

41 SHBECl oM A ERNN Ml M| MO|T

FE doleo]2 AN HAA WHE o] &F 7Y
A ERGAY Mae A, SadA G, g8 T
A3 9AE AAM sgF old ud =dgM e
HolxE (9 2)9 #rh

2R 27
@nEBU L) ,
B e ‘ // T B ’/ I N
(e s amay — 2@ LBE
e T ¥sl 23
g\ (el sate)
wae? T aw D

(02 2) EAMY HE| Mo|=

7 AolEe] AW A%E BRG] 4T Hela
g Bojsln Ad Adel Sojzith A% AHE
E

€l 3
JAET} LFE BE, /1% ANES A9H02 SRt
HozA FeoldEst EdAAY BE71Se aTs

doleiuo] 2ol a7 Holelo] Fastel ANEE 53
#ih EdYHo] 4EE 8T WANIE Byl
FEAA AHE Feoldest 488 aFety A
A o] gt BE AlEZ 4Eam, A F45)
£ 34 EANAY ABYS R Asel EdREES
He4 AFL B9 SAAMS] ¢aot A AY L

HEFdue 284 HAIE v EddMe] gtae 3F
Hof AAARES FINI= SauS APA] Ay
9 EddHo] d3HE i e eF EdA
AL Ay Aoy ZeloldErt HIE aT7sd ul2
gz Sold + Ak

42 Z% HioleldfofA AlAROIA 2t AIOIES E P

of AME F& dolEuolx BN EANA 4
B dolmd wel £dHE AN ERYHE 957 9
AN "R 7 Alolre = PR #ate sigdth 7
=9 FA84E (29 33 2ol EdyARYR, 27
Fe, FEdda, 4570, dolHuola Aulx, Az
$REZ FAd

el0IgE 1 ®oeo o \ BAOIE n ]
‘ \
| EMEME BAX J
[
| AHNG |
{ /
S — e
L
. S
PG
Eumews } ¥ S
Transaction 1 ©  QOIEIIOIA AHIA [
! Broadcast) | H
! ! EUNA I H
v (Transaction delivery)  §

BHAIR) & &

N

(]

(]

[ ]

H BIAIXE 241
{Send message) *

(Receive message)
E=EE]

(38 3) E=HI0/EH0]A AIAHAM =29 $X

EWYA #gats 2eoldET AEY =P E H
ofx xAFYANA ddsn EAANMY] AR E &
olAEAA Huie H¥E FIIH. EAHA FFeA
2AEYE 7)1 (originating) A& ¥ F(remote) =
Aze7t ded, 713 2AFHE EAARMA AZd Ao
Ee 2AFHL 97 sAFHE EANAY F3o
oste thE AlolEolt}. F, 7} AlolEe] 2AFHE /|
2AFH7} H71% dta 944 2AFH) HYx ¥ 4
A 2AEHE A9Her AN EANLRE F387] 9
gte] e BElAoA FFE 87Ea FYodET ER
A g A ¢45E 278d 2AFHE FARES
Bt T8 @ EE AljER A WAAE BEd o]
o A wAR e HEE (Tr-id, RS(T), WS(T;, value),
TS(T), last_SN)#EE& 283t vt RS WSE AY A}
olEof M FAlY FYHE EANLEY FE UAE ¢V




E5 GIOIEHIOIS AMABIOA SRR XN 258 0IBRS SAIMMO 71y 547

A "o g AR2ZH, RUTHE EAAA Tio F=7%
ol i, WS(Tivalue)= 7153 7188 &g Yelie 7123
olc}. mela BYAWE G TS(THS EARA ] £X4 5
24387 YA Beslz, last_SN (Sequence Number)&
A ERHHO] AEE Alo]EA 71 Ho HFGA
g 538 EWHAY sxRBolt Tt HEVE B3
ER@AHo] AErts & A7 ot 48 AEHE Ao
"ot a2y HF3A delEw o EdALe da) A4
HE HolHuHA 713 2] o FIAo =3
H=A4E AEE Ao|Ed A Fa5tn, 718 A8 &
£ Ao]EdA] 7]Ro] o] FRALE ) o]F FARLE
Abolol Al EdA A e dolkol utel YAl 4yl
gjA FEHE BAEAYAY He Ha= dg (a9
4)¢} Z}

(28 PN AY 7 Zeo|AEE EARNE ERAYH
gEatolA AEsd EAAA Bats 1 4N ESAYR
o] AMNEE 7IH 2AZYHAA 2AESEE W 7)Y
2AgHE A5 FAA FHEL F£3BE7] 9 A
S 873t BEAMNSE FYI} 7|EGALE EAYN
SR AYFToR FPgch. Bt Feo|AdEYL g8
& a735H BE BAIE AoEoA BAE £ ULE A
A uAAE A g A wEs: B4 BEA 9
A FEdrh. 74 AN HARE AP AolEE AN
EdAgHo] 29 Alo]EA Al 7H57tE HAE A
Aoz 7|2 FF(write lock) & Y58t +8& A=st
A gk & 94359 AdE R 7| 2AME Hd) A
o dolguol oA FAAAE 2PLAF W7ol o
g EAYHE BYsh 28 dojeio) e Y JFE
S 1AM AEARE 7E0R §n ol Eddde A
B

g

tjo

. Rl (24 0)

!

43 OCCRD ¥1&|&

of dellAe dolErt &d FBE AaddA F5E
A ERHAE Alolo] dAHE AT £ AE FE 4
olHMlo]2E A B FAA Ao ¢:EEA OCCRD
& Ak},

AIF3= OCCRDAA E#o]dEE ZE AlJEZ EW
AAE AEE ¢ glon BE EAE AlojE9) dojy ¥
o FUF @& ANFEE ) olF g EdPYAY
HEL RE AMolEdA T £P=E N EAQM9
AL FASHA 71EQAE FYPY F AEE A4E
Atole] FEFHAE HAsY, £ EdgHo] 2Eo wAY
OF A 543 dolHd ddx FAHE QAN
gzt 715 dAel Aol wiek £ A9 ME & Afe]
EoA FAld FdEHE EdANMC] 5L WA 7O
a%F ¢ e EdAMe P3| A A 3

EW@HA TIS AloE Sled A&Hn Eddyd T2=
AtelE S22 AZHUTEL 714 3}R} Alo|E SleAE EW
A4 T13h T27F GAte Alold &0 R =/1E A
o EdA FA8 Aol I ERAMY £AE
A FRE g AN EdYPEY Ao uE Edy
Ao wM7t AABE o)F Y 2UE ey Zoh

451 SldlA EdAA Tlo] A3 A Soi7b7] A
o EdAA T2l 8 Al Fadchd, Ed84 TIS
T2¢ Aejg o] A5 7] i) 2F GAE 59
sH= Afolth & EXAD T29 WS(Write Set)s} T1¢]
RS(Read Set) Atelof mgo]l &AatA ¥+ A $olrh

BH2 SlellM EAYA Tio] 43 Ae) o o) T27 ¢
B AHE FH0E S1949] A FAA AoHAYE
of osiM Adgddl HuiHA God TS ABAY AFE
AL T4t

po=o - -

v [foJl SEI0tLIR
ot

A ‘aﬁ ’-;i

[ RSN T b el B2

it Wl RESR BB

b. FLMAX

[X-1-4

uol O

it wi REYE BB
o RIE 2P

ull 88

]
il




548 MR ME|E2=EXI D MB-DH M53(2001.10)

st

curr-SN(0) s2
Tt 2ERF
e last-SN(0)
e N .-
AT SAWMO| EX ] TIo gEENe ToRE /7P
BIXl U / pass3iJl Eof W& —
p o
/ o " ™
T E& o >
- last-SN{0)

La—" —

last-SN+1<curr-SN(2)
OlS22 T10i OIH 28
E% % passStXi }Y

EA=5888M

‘/Iast—SN(O)

last-SN+1<curr-SN(2)
=>&FSM

(28 5) =MHB0 28 MYH HA

Z43. StelA EAAA Tlo] ddideol, T27t ¢a
HAL gefel slem T27h T1o) EdAL e dNER §5
of AT AQ A oA HEAo| Rygd
F Tlol #5% dvoley e EARA T2/t A4l
Aol @& wEsty wef T27h AA@ThE A 2AFY
ol daM EdRAN T1E 23dnt

394 ERAA Tio] ¢adA ZHY o T27} S19A
g5 FHE SHITHH F Tlo] T2 oo deEsArke
duist ot wehA WS(T2)9k RS(TDAelol g el &
At fow TIS ¢asn, wygel EAstA Ti9 3
4 AL AdEn, 0 EdHAE BAAAL drt 1
ejub T27b B5F dlole & Tio] Ade: #5-71% &
g BRAGE T2% T19] EdAA &AE Az
AT, £ BE-7|SFE0|9 V578 FEO| 2
A ojed FEL AXAANE F Yong FA 3
HAY A ARAZG 2y U7 ol e 7]
£-71% e 24T ojd EdqAe HA7
A @1 BYAYRI g dwsy BYgARE gho] 4
& EdAAY dito] £HYHLE vk wep Ijd E
AAAE Az uet ERNHY] A58 FHAE
F Atk olel ¥ A= <A1z gt

1

(64 1] EA4A5 4288 &4 Az o
AVEAAR T T 22 Al 2SI S20h4 theat
2ol Fa@TR 8,

S1:Ti:rxr(y)wlzk RS(T:) = {x,y}
WS(Ti) = {z}

S2: T ' r (Xwly)wlz)e RS(Ti) = (x}
WS(Ty) = {y, z}

AbolE S2614 Ty7h gsdelz #Heoldtr] del Tk ¢
BEHA AHE AFgda sd Tie % dlolg ooy
yE TiolA BAsgens T, EAGAL A3 (abort) HTH
asEy 5 EdgAe £3aAz vicd o] £ EdA

AEL B5 &R (read-from)7t AREA Yorz 3
A @i 485 £ dok F Tt 71E% ojd glolH
=

2

A 1& B3 & 5 %o HIE =dHHY ¢
TANE Azl ol EdMAY g8 &S AL F
Att 2ozt AlolEd] AE&E MAERAHL Ay A
ol Fastn ¢339 AIAE ZE Alo|Ed wgs}y)

Bl M2 & AolEdA FIPHE EWYA Alo]d
FEAMN] HAY F JonZ HE Ao]EA WAL
o g FAdIA FIEE v Y39 ABAHS 43
e gAdA g FARAGAM FPHE @8 £
dejo] gt HE o2 gl F Alo]lE S AF
dnEFL of Tlo] &8 HA FHE Holghg u Alo]
E SlojAM T27F oW ZAFo] Eurhs A& Yolof gy,
ol#]d H B &AW F(Sequence Number : SN)E A}&-5}
o AP 4 AlolEx ¥ A £MHES dEhE
last SN# curr_SN9| @& 2%t last_ SN 74435k
EPARE BE Ao|ER W3] Ao b oo PAF
9AE &3 & EWAHY FAMFolrt o] FAMIE
A AR mell £3AAH HH(ABCAST(m))3HL, Curr SN
2 7} AlolEof masls AalwAlR Y AHEQd, BE
AlolEo A FAd SMHMTE FAF ojeld Ade ¢
AR o] 7Ry A oEA g & UAA o
& A2 G& AE S1H S2904 24zt WA R mP m'
& BUAUE ¥ m¥e m'& 2l mAd m'o] =F3o
v 42E 7HAERE AN AR gid B8 BARLE F
A SNY g 7HAW AN wAA7 BRE BAlEog
HePe o M e ASEAE B AA dAH
o gt #MAEE g2 3 7] W (piggy-backed)dt] AL
SEg g

Ao AA 1A MHESE HE8H Alo]E SlojA A




S5 OIOEHOIL MABIOIA =HREEO! XY 28 0183 SAMNO0I 71 549

A ERAL Tio diste A AR E FEsts AH
M 7 A2l HFd EWAHo] EASA oW SN
e 0 o] HAriMEr. 7t Abo]Eo] ¢A ¥ B (last_SN)E
e A A7 24 YL W last_ SN+15} curr SN
&3} vlaste] o] % gro] AA A Gevhd A AR
g B AolEYME O Eddde] g1 HAb dHol
Av ¢z el gtk Aotk 2HER o Aleld] &
A & s FUAE Aold FEHAE 3l EAAY
=AE ZAstook Frh T2y o] ¥ o] YA ¢u
HAE AHE T4 EAYA] Qve A& YEhz=z
FEAAE A @3 EAHAY] FHE dE8YHE w2
Holsted Zt A 2AFHANA AEsA B4 wAAE
A2 E g g e A 1& cANEE A &3 YE
W (29 59 22 oo g HEY HAke g8 &4
& AXAANE dnEFe (¥ads DI 2o

/* serializability _ procedure */

/* last SN(AFOIE jd, Ti) : 7H8 #2o] @8 35 dA&F §34%

EdGHo SN

curr_SN(AFOJE id, T;): 2 AfolE9] & HEAA FHF7)2
e EJYH T UG 27
#e 09]t

WS, RS: EdNE g B 7|2H4ES g

T: 84 A28 EdYH

T, TR A 4sd g4 +/

curr_SN = curr_SN+ |
if (last SN + 1== curr_SN)
then return ‘serializability passed’
else if (WS(T;) N RS(T) *0)
then {
RS(T) N WS(T) % 0)
then abort T /% *lo]&o] ¥4 x/
else [f (WS(T) N WS(T) = 0)
then {
if(Ts(T) < TS(T))
then T ignore
else execution ordering of the
transaction is T~ T.
} /x EWYH 78 AT
T8 #AE 74
}
else if (RS(T) N WS(T) = 0)
then abort T
else if (WS(T;) N WS(T) * 0
then if (Ts(T)) < TS(T')H
then T; ignore
else if(T; has been committed )
then T is aborted
else execution ordering of the
transaction is T— T;
else return ‘serializability passed’

(221F 1) WA EATMo| XY HAHE 2IE dE7|

(FnAF D& Boto] APy 722 vha AUAAR =
AA dold g 71%5] dad 97 AHE Holwt
42 FH2 Aolse EAYAL Ug F shx Py 3
sz Aegrh WA EdAM Tol gg AN dAs}
w507 AlolEFE 1 EARHE on) J|E Ang 5
FH7 Dol VEANL clojEluolrd] WY T Y7
A, ohuE A% dse dolelmolx Myl 2 7%
EddHo] AZET A4 dAAe $AY BE 72
gol W@ 712 3L A3 BAAIA 27U ol
S48 329 E AolEdA 948 e Tejujgne
4ol gajN YA F98D, 1 A2 B 1 B
2E $9% £ 3ow 24 FEFe RAdy 2y Ed
AR T7h 878 dole #2e zFo] 4yslel ohw
ERAA Tk 7] Fol $A9G. AN Afo|EH 53
H¢ EdAAT B dAR] 97 AN $Eo|
BASY 7 Ade #2 wBelAs AN BdAA A G
3L 5% & LS o7 dald A EdRNE B3
Az, wer Edon fyEs EdAM T RPA
Aol n Be A EddM T Qasn EEds
7% H3E #4812 AR o) EANA T a4 59
He T, EdAde] AAWAR Fo BEHAGE AL
g & otk mebd EANY T 230l BY wrin A
A WAAE AQded. a2 Eddd Toh 23dEgw
24 712 A4 Hgsa, T/ 95 A4 4UE S35
W% Ade 99 4 oy Eddy Tt S
# ol 32 J25nz oy ALE BYAYL s}
% 2 gl Q4 oz AN,

AEAA 9 AA =y AN EAUL BE I
OCCRD ¢u8l2& (d1e)% 29 2}

/o AFEHYY gl duaeld
T: 9 AlolEE Hgd EdAH
UM(Tr-id, RS(T}), WS(T; value), TS(T)), last_SN) : 41 BjA]x]
T T8 W A E Ba8t7] He) XY Edyd
The lock manager of each node N comtrols and coordinates the
opertion requests of a transaction T in the following manager */

1. Executing state : /+ A9 Alo]Eof4 Jyue] x/
{a) When a transaction T is submitted to loaal 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 lock
perform the operations o transaction T
Update RS and WS
}
else the T is blocked

2. Broadcast state : /% &Y EH »/
If (T is not read-only transaction)
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then {
broadeast update message and last_SN to the all sites
/% RS, WS, TS, last SN */
change the executing state of transaction to committing state
}

else commit.

3 Committing State : /* SEHALYH »/
when a update massage received
invoke serializability_ procedure

4. Commit State : /« EFEH: Y ~AFe oA FY A
o JIEEUE T »/
ifi serializability passed)
then {
change the committing state of transaction to commit state
Upon delivery of WS request, locks for all data item in
WS in an atomic step
(@) For each operation W(X) in WS
1. If there is no lock on X, grant the lock

ii. If there is a write lock on X or all read locks
on X are from transaction that have already
processed their commit state, then wait
until all other locks are release and the new
lock can granted.

If there is a granted read lock r (X) and the

write set WS of T has not yet been delivered,

abort T; and grant w(X).

if T has already been sent, then broadcast

abort message

(b) Whenever a write lock is granted, perform the
corresponding operation

Iif.

=

}
else abort

(212|F 2) Xd EWMME H2|sh= OCCRD Y12|E

[dA4 2] AbolE S13h S2(S1+ S2)elld Z 74 Edd
A Tist T27F A0 389 gz AFgHez =3

He AN EdAAL g 2
S1:T1: r{x)w(x)c RS(T1) = {X}
WS(T1) = {X}
$2:T2:rx)wx)w(y)c RS(T2) = (X}
WS(T2) = {X, Y}

2 ERAL T13 T27F 247 AlelE S13} S2914 <

= JALe (28 6)F (o€ DM BoAFa Qi

AOIE SIUA ¢ NS SpRN T
oy Tig 4a T2 49 20t

FUEHR

l Ti's

Y25 BH WAKS We
T szasen o T2 ABEAE pevs

T2% M@ T100 YO O

#AN RUNN nEo

wiX.D)ll NSIe & o8

TIS @RS AN B WAR
ABCast

=
amex T1 oertification : fai
rtah

TI& bo
T29 w{v.b)= ABE 4 UL

(32 6) AOIE SToliM 85z EHM T

AOIE S200M ¢ WEE= BERRM T2
oy e sa T29 &8 A0
[ ! e
=
Uwre)
cammkt 7 BRANEA T2 AY WAND BE
update [.2-1=5 ] T2k BHHAR pass
message
i T29% commitied
updale ANEN T191 certification: fail
message L
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