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A Checkpointing and Error Recovery Algorithm Based on
2-Phase Commit Protocol for Distributed Transaction

Yoon-Young Park' - Soung-lk Jun'' - Ju-Hyun Cho™""

ABSTRACT

In this paper, we present a new checkpointing algorithm to preserve the consistency of resources in distributed
transaction processing systems, and the error recovery algorithms to recover from the failure. In comparison with
the existed algorithms, the checkpointing algorithm proposed in this paper can minimize the interference of the
distributed transaction and the stroage cost during checkpointing, and does not need the extra message to make the
checkpoint. Also we show that the error recovery algorithms prevent the distributed transaction with a partial fault
from spreading the fault, which calls domnio-effect and prevent them from restarting cyclically. And we describe
the correctness and the performane of the proposed algorithms.
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(Fig. 1) State Transition of Transaction

ESHAM Ma| AILHIOIM 2-CHl &0 Z2 S22 2712 sl ZAE 88 ¥ 2F =7 €02l 329

&8 Yel(commit state)= 2-PC T2 EFo o3
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42 2tg HAFE(CCP:Commit CheckPoint)o] g}
v},

B oo oy g2 7IEHA RS AR
st et

(714 )8 Ao] 7Y 7|RHoz 2dA 27 7]
& AHEF
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cal CheckPoint Number)7} nol €& 8 AAHS
CCP(n)o.2 E7|&tt T8 CCP(n—1)3 CCPyn)
Apol o] A7t vH & #HAME AF HAE(checkpoint in-
terval)olg} Aeolstn, 7|BH o7 Alxdo] Yot
A7 Q) 5 PASE 7 AJo|EdA thE AlolE
o} $7)3} A glo] Aoz gy #AH CCPE
A e}, AloE xoll A A9 HANE wEvtad ZH
AV ER] AR EQTHE, Ao E xo] #A &8s HA
& CURRENT_CP,=CCP(n)2 & X713}, Alol
E xol 4 A9 7HAY Hs= LCPN,=n 22 #
718k A

Bomgo A Altshe HAY 4 el F8 DTP
A28 o] olele] T AlelE gl Hal ZHAMY Wi
237 g (A1) o) 18 dA ¥EE HANY
AR A 62 Aoevtn 7Y FoHH, x, yu A2

% el Qeje) Aol E),
| LCPNyx—LCPNy | < I A4-1

aeeg d@ido] HAEE HAEE AAste &
A B4t Azl deole] AlelE xoll A HAREE
A o 24 EXRAE] A &8 FAAHA, CUR-
RENT_CP,=CCP,(n), ©o]%o| dag AN W& &
CCPn+1)ol TN A A7IE AA s AR
AP & 9P wFs e AAE 4 BAe
j7nel Alo|Eo) Eitg Hodzt EAAMA Ty, Ta, ...,
T2 FAY 24 EXA4 T8 A9 ZAH W3
(GCPN:Global CheckPoint Number)S A& sle £
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olv] ALY Aglo] ghad A& oulstx, Fd E
YA Tyt AP R&o] H3E HAH S CCPyn
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LCPN,(Ti) = LCPN, +1; (4-2)

ER WA T;2) GCPNE ol 9] (2]-3)7 o] A
"l GCPN(T)E AAse= A2 71&9] 4y ¢
B Z2EEQ 2.PC TE2EZE o]§35to F719] o
AlA] Beiglo] ARG 4 QrHs, 9]

GCPN(T)) = max(LCPNy(Ti)) for
V keTo & Fox ERAMAM; (4)-3)

B =goA 7]gde 2.PC TREZL YUt
2-PC ZREZ? $Ysiy oyt 2Pz ERNHo] F
oz EQAAEY +3 WEE FHEe AHAA
GCPN& AAshs 2jute] 75 i ¥ =84
ALESl= 2-PC Z2EZ FollA ER MM T9] GCPN
& A she el E b ol 7lgskdh

¢ F 1:GCPN 24 ¢ F
(step 1)for each Tj
(step 1.1)  send (Tj, “Start 2-PC");
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(step 1.2)  receive (LCPN{(Ty), “State of T;");
(step 1.3)  if (“State of T;” == ABORT)
global state of T;= ABORT;
break ;
endif
(step 1.4)  global state of T;= COMMIT;
(step 1.5)  GCPN(T;) = max(LCPN{(Ty));
endfor
(step 2)for each Ty
send (Tj, “global state of T,”, GCPN(T}));
endfor

L F 19 (step L.DNAM = 2H A EA AL Ty
7h 4 712 Foll 2-PCE A 23797 AR S 7
F97 EX P Tyol Al A4 (step 1.2) M=
Z} Zodz EAMM Tyrl 2H4le A8 Jel(gts £
= #A2)9 LCPN(T)E &4 Teoll Al A48t} o9}
L2 send, receive L UE|E o] A & why L A
28 we} g F glon, B =Ry 1gd
Bl Wy oz 71Eskcl

(step 1.4)ol A 22} ERNA Torx Foizt EX A
AEe] defol wetr] AHFHQ 28 T HA AF
£ 31, gz EF P Fol) shEts Haw AR
£ 2u¥ EdAA Tie 4] A AUz Agdy
(step 1.3). (step 1.5)oll A 2z} Efl A E 9] LCPN;
(TEANA 713 & @& FA EAQA T2l GCPN
(TYZ g} (step )= EA YA Tio] 2= EA A
AL ERAHAY A3 Jel(PE T H)9
GCPN-& 7} Foizt ER Mol A A3l

B =FdM AMEEHE 22 ARE (1Y 33 g
& Jeg ztn, 21 AR Jel gt GCPNS 3™
H EdNLe Jefe} EA ML GCPNH X §
CAL2E o] ¢lelel Afo]EefA LCPN,7} nol 1
n AR &8 HAY CCP(n)7tA] A S e 3 S
A 289 e ST 22 HA fEoz
& 7 drt.
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En

(Dvl A 2 I(undecided log): A4 219 Ae) 9}
GCPNo| otz AA ]2 g2 defe] 2.

(2) A% & 1(decided log): £19] A2} GCPNo] &
Y=o} dx, 2719) GCPNo} LCPN Mt} & 3 39
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(3) A% & (stored log): =22] 4e} 2} GCPNo] &
A=o] 9la, 239 GCPNo] LCPN, &} #2 212
A1 CCPym)ell o]u} Adsloid e 220

(4) 24 Z1(compensation log): 2719} Jeje} GCPN
o] AA o] g131, £39 GCPNe] LCPN,9} @&
224 CCP«(n)oll A=A £& 27,

LSN]|Tid|R

id} Status] GCPN| Operation [Current Value

LSN : Log Sequence Number

Tid : Transaction Identification
Rid : Resource Identification
Status : Status of Transaction
GCPN : Global Checkpoint Number

(38! 3) 2 HAIX) &4
(Fig. 3) Log Message Format

(1Y 4= Alo]E xolA LCPN,=n¢]i, CUR-
RENT_CP,=CCPy(n) ¢! 250l 2259 Jeist 4
e dolxolrt dutAo R Alx®e] 2352 2-PC
Z2EZd d& 219 gejet GCPNol A H 7|
HA7tx v] A 20 Jel 2 EAsicr 2-PC 2R E
o) $EHE 7 =19 Aej9 GCPNo| ZA 5

A gk o]2) g Ao 219 GCPN# LCPN, 29
groll wha} (1Y 4)9} o] FEECh

Undecided

Compensation
log

GCPN =n

GCPN : GCPN of log
LCPNx = n, Current CPx = CCPx(n)

(3% 4) 29| M| Mo|T
(Fig. 4) State Transition of Log
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duty oz RA AlxlAE RE Alo]E 9 A
g YR A7IE A FHo| EAE) P .,
AR A4 A A(delay) T2 0o Qs ¢g
9] AlOlE xollM M 2E CCPE 4A3tnA} 5t A
Mol 219 Jej9} 219 GCPNo| o} ZAAE 2|
2 A 2% EAE 5 AUk

Z, (19 S)oll M9} o] Afo]E xoll A n A Az
& ¥8 HAHE CCPx(nye AHstnA ste AAH,
Toar, 1A o}2] Z 19| 46l 9} GCPNe| AA H A £
g 2350 g 4 Uth EF o HA A2 HA
A o] gaso A4 1A HAMY W&} LCPN,
=n 2.2 oA A A, Teg, © Fol=E vlAR] A4
2o A g o (19 5)e] NEFF FEANME AL
£719] GCPNel no] 5 8150 &4 & 4 it}

EFAME olgst 218 WA 21CL:Com-
pensation Log)2}t g olst1, n WA &8 A CCP,
()l Je2 23 Y 218& CLMSRE E7)
&AY

Site K Site X

CCPk(n-I}V- j CCPx(n-l)m | \

{ Delta(5)

e

CCPx(n) Tstart
Dclta(&ﬁ
Tend
CLx(n)
=N
\ Fault ‘&3 A
Site 48] VA A

Delta(s) : AAME 43 74+

(38 5) WAE My ¥ 27 U4y
(Fig. 5) Checkpoint and Recovery

4. dAY HE wnelE

2 =R Ve 13 57 fsta B Al2d
9] 7} Alo]EollA A= LCPN 3ol e (A-1)
ol Ao} go] 18 27314 Y& THg FAAME 43 1
H 67t FE3 Ak v £8 UM )3 ¢
o] AEA gle RYIE ALEste] UEYA 24
9] nGol} AR &A% gickn s

B =R Agste dnaFe B4 Asde
Z} Alol B A § A 0.2 HF 7| Moz 8 A
S HASESE drh. o+ WA MES ¢8 FAH
& AdAsle AL CCPn) ol F HAE 43 13
U EAE AN 22ES NEF CCPxn+ 1ol A
st APoz Yot} Aol A= CCPyn
+1)o AAE A 2o 229 A 848 AR
°]ir 19 GCPNo] 20| YA =& CCPy(n+1)
9] LCPN;=n+13} & A4 2250} el

HAMHE 32 g4 238 407 3o 219
el 9} GCPN& o] &3te] 219 W&E MY AR
FAe]| HEgste HPeR o|Fo] Ak LCPN=n
Ql ALOIE xellA] (n+1) ¥R &8 HAFE CCPyn +
D& dAse dnd &L & 2o

gualg 2: 34 d 44 gaelE
(step 1)increment LCPN,;
(step 2)for each log after CCP(LCPN;—1)
(step 3)  if (status of log==COMMIT && GCPN
of log==LCPN,)
apply log to CCP{(LCPN,);
delete log from log disk;
(step 4) else if (status of log == COMMIT &&
GCPN of log { LCPN,)
store log to CL{(LCPN, —1);
(step 5)  else if (status of log==COMMIT &&
GCPN of log ) LCPNy)
mark log to deceided log;
(step 6)  else if (status of log== ABORT)
delete log from log disk;
endif
(step 7) mark log to undecided log;

endfor
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Al 2Eo| M o] B4 st AS B1E 98 ¢
9] 9] Abo] E xoj 4 CCPy(n) ©] ¥l RAH Aitg L
71€9 21 fEzel g8 FAHD A, 1o
g FAox Ao 98 HAMY o|Fo wAd
A 2ae 2% gl o8 Ak 719 FA|e)
g & 7H ghch LCPN,=n ¢} 9] 9} Abo] E xof
A ngo] HAE B 3% AlolEdd M 7Y A
29 g8 FAHH CCPy(n)3t 7% Aelzlof 93 A
ZAd At 288 ol &3t duE 37 go| &
T A4S @t

o] o 1% Alo]Ed] EAde A ZaEH
HAHE AP|EER A F3sofof gir) datelE 39
(step 4)ol 23 =l F3fslof & AlolE A HP & 3}
I, 24 Aol E9t #ds o A 3 Hojol & Ajo
E J&& REDOL(n) o] 718tk &aralF 3
o] (step 5). (step 6)oll oJ38f 1% Ao E9}l HEHE A}
olEEe] A 8 =& sl WAIAE F4)(send)
o ol9} 22 B P& Al|ER diEH xe
o) & A (transitive) 2.2 A 3 oA A E BPOE4
Al 2"y B3 zQjo] vt &= F83 2 A FHcy-
clic restart) do] AF 5 Qo). wels G
39 (step 5)2F 3ol oln] A 8 W AR E 413 A
o|Edl= thA] wAAE BUIR] GEE 3t AlAH
oA F8HA Al AL HAbol wAEA] R & St

E3 At dariES 7 AlelEoA] § Azt
F712 €8 A S dFsa, gdurd ez B4k A
2o M AIZE Ado] 2 g 4 7] WEe (2
d 5)st ol 1 AlolESt TBHE P9 AlJE k
oA o}z &8 HAME CCPun)o]l HAEHA g2
A7 A 5 o) B =2 e oy Alo
EdAMx da &8 74 CURRENT_CP,=CCP;
(n—1)7tA] B A(rollback)st= & 3}t 28 g1
215 49| (step 4)oll M9k o] CCPn—1) o] Fof %
AE A 23 FolA A 219 GCPN2n?l 2
2ES YnE 3 g PHoR A 73 o B
8ta, Jd4F 2719 GCPN<no| H& 2152 ¢
Z & 49| (step 4.3)2] FHE A3l (step 4.8)9
& A58 ZA(simple redo)?tg APt B3}
o 2 =&eAe olgh g Wy ed LCPNy=n
Q) ApolEof|A] s1o] R G 7o a1 Alo]Es}

BHEE ZE AIEAA n A S8 FA AR
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02!

U 22 =7 ¢ne|

al

ﬂ-

Hsle] B & AES Fo2M A2y BeF
o2 n WA FA oMo R AN Bolx EY
g AR

2 =RoME B7 4RSS 7 AlolEdA
o] 27 dnEH 2% AlES} BAR Abo]Eo]
Nel 7 FneFo2 Uro] 7€tk LCPN,
=nQ) AP E xol A HAE L Byar] Ae @
w2 Ze Gew R

gag)E 3: 2% AP)E(H, LCPN,=n)dll A 9] B3
Peu:
(step 1) REDO,(n) =¢; Rollback to CCP(n);
(step 2)for each log after CCPy(n)
(step 3)  if (GCPN of log < n) then
fail( “Inconsistency Checkpoint™);
endif
(step 4)  k=site identification from Tid of this log;
(step 5)  if (REDO(n) Nk !=4) then
(step 6) send( x, k, n ); /*x, k is site id,
nis LCPN, */
REDO,(n) = REDO,(n) N k;
endif
(step 7 redo this log;

A

endfor

1 AlolE 9} BHHEHE Alo|EcAle] By @nalE
2 g3 g} o] A9ox e U mRQo)
= B7sln 1 Ao Eg) BAE Alo|EoA] By
RHo] M8 F& olgxog dAHE &8§Y A
A] ZHcyclic restart) @48 213171 213} Site_id_list
e WS E AFEERIT o] Mge &V 4 3e
ZETa 7Hy g

AelF 4: % Ale|Eg TBAE AOJE koA 27
gy g

(step 1) receive(x, n);

(step 2)if (x € Site_id_list) then

ignore this redo message;

go to step 1;
else
Site_id_list =Site_id_list U x;
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endif
(step 3)Site_id_list =Site_id_list U x;
(step 4)if (LCPNy < n) then
(step 4.1)  Rollback to CCPy«(n—1);
(step 4.2) for each log after CCP«(n—1)

(step 4.3) if (GCPN of log > n)
(step 4.4) i=site identification from Tid of this log;
(step 4.5) if (Site_id_list N i ! =¢) then
(step 4.6) send( k, i, n );/ *i, k is site id,
nis LCPN, */
Site_id_ list = Site_id_list U i;
endif
endif
(step 4.7) if (GCPN of log < n—1) then
fail(“Inconsistency Checkpoint™);
endif
(step 4.8) redo this log;
endfor
else

(step 5) Rollback to CCPy(n);
(step 5.1)  for each log after CCP«(n)

(step 5.2) if (GCPN of log < n) then
fail(“Inconsistency Checkpoint™);
endif
(step 5.2) i=site identification from Tid of this log;
(step 5.3) if (Site_id_list N i !=¢) then
(step 5.4) send(k, 1, n);/*i, k is site id,
nis LCPN, */
Site_id_list =Site_id_list U i;
endif
(step 5.5) redo this log;
endfor
endif
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(3)SLin):in WA &8 FAHH MY o] F A 2
29] Aeie} GCPNol AR5 o] )l1, 219] GCPNo|
LCPN. & & #A$9 2824 CCP(n)ol olv] 7
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