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An Asynchronous Checkpointing Algorithm Using Virtual
Checkpointing On Distributed Systems

Do-Hyung Kim'- Chang-Soon Park'' - Jong Kim'**

ABSTRACT

Checkpointing is the one of fault-tolerant techniques to restore faults and to restart job fast. Checkpointing algorithms in
distributed systems have been studied for many years. These algorithms can be classified into synchronous Checkpointing
algorithms and asynchronous Checkpointing algorithms. In this paper, we propose an independent Checkpointing algorithm that
has a minimum Checkpointing counts equal to periodic Checkpointing algorithm, and relatively short rollback distance at faulty
situation. Checkpointing count is directly related to task completion time in a fault-free situation and short rollback distance is
directly related to task completion time in a faulty situation. The proposed algorithm is compared with the previously proposed
asynchronous Checkpointing algorithms using simulation. In the simulation, the proposed Checkpointing algorithm produces
better results than other algorithms in terms of task completion time in fault-free as well as faulty situations.

.M B8 4 73 T Aol HAdE AL AR v

A S8 o, ATE BT A 27 DS

A A2Y AANN FaF A Fe) spe % FolE Aot AZT (checkpointing)© AL

. %:j‘a}i{jﬂ%ﬂﬁ?% . SEs1, A4 ME A £3L A3} o] AHgHE
° 7 o ] o A= C"J_Elo &

RIS < I Agxe % shisicis) AaLagold 4

A9)71&4 T Fol ZAze ¥ dde IHH AFAR

ft3 a2 Edginun duas ns

EEZ% 10089 89 29 AAAE - 190949 39 119 (stable storage)ol 7153le A& wdch AAXUY



1204 StRFENRED =X Hed H52(395)

gA e AFETE Agtel AL W st A9
A AX I E(checkpoint) & AXZ HEol7} AL Al
FPozy ojFe vk AATUYL A T

Ashe Bpste] Y ¢E AZHE wEAg 5 gl
oAl Fab Aadeae AAEJAYLS L)k
Z 2 (domino effect)& 2HAZ 4 Utk

ol G £8 F9 @ Z2A2dA TS
Ago] & Z2H2Z FY& dEH R HEo}
M oM, HFHos BE ZZHNAEY $30]
AgoZ HEH: RAE TIHI-6) (2¥ DL &
o gaE HejFEr)

SeTTT fault occurred

D : Checkpoint  “...” : Rollback

(32 1) 2ol §o

Z2AA P AToR g8 s Ay Aa ¥

Eol AZ HEoH Hrot P9 A3 EQJE(check-
point) AdlE PIeR WAlR maZ AFdtdths 72
< EA8A e AR PiY AAEUE BE Py
25E vAA] maE FASATL A5 F, Py
o AAFEUE Be P AIAEIE AciME HUXA
E @2 mAAE e Zolth AAAHOZ Pee} P9
F AZEJE A Bl 7128 U&L& M2 Eed
metA, P12 PoRFE WlAIA] maE WA & JE,
Z AAXQE CE HEOMITh 18W, 2L 4go
Poo] HMAFEJE A9} P19 C APoldliME EAstA &
t}. gEA, P AAEUE DE HEopA "ok 4
= Post P2 x99 AAIJE ES FE HEol7HA
gt molx &3 Ao 2ARS o, A4S AS
BH oA Fastojol 317] Wi vl dAtol
ofUth. WA, AZXAHANN 223 A F9 3§
e ZZAHAEY AAZUEES ojfdte AT
Al =re 392 AT ¢ e 434 d' A="
g A Aol

Ao Ae Az=d FeHE AHYdsr] HA, A

(local) AAFENES AH(global) AAXJEZ AO
o151 NG AaFJNEE 4 ZaAz9 A¥EY
AAIJNES TE %i@, 21135‘_?_5% 7t ZRA
nieh st A AAXJEE HolyE AAFIE
9 AES 2ok ‘34?%"&‘
7] Hsixe ZEALEY 1515591
¥ oHorphan) WAIX ¢ 4 (nnssmg) ﬂi]1~]?<]E
ol o). AFE ii*ﬂf‘:«] HAALJE o] Fo|
AdHa, £4 T2 AAIRIE ol AMeH
WA AE 3o} wA|R| g gl A ZIAxe A2
FQE ojde] AFHT A ZEA29 AAZJIE
1%01] zgste mAXE AF WA G d (2
) (@9 AR mart o} WA o:, (W 2) (
4 XA mb7t A diAlxjoltt 4F Uﬂ/‘lXI% —E—Eﬂ
F4d(lost) WAIA, E& Ad ‘del(channel-state) A

Ao g,
CPi CPi x
P P
m, “/
P p—L—f—
CPim CPjm

@ (b)

D : Checkpoint

(38 2) MAEAE A (a) 220t HIAX|
(b) AT HAIX|

2 =fdAe 4% AARAG 34 FH 2242
o Agse] A AFFA r|EHG 7tAE
7] W o (2 2) (b F AIEJE CPy% CPim
< 484 e Axd dUE FAEHL-16). 8HA
(29 2) @9 F AZXEJE CP® CPine 9
#A de A" AEE YR R zepA
A Sle Alad A9 H9 AZFAE Y9
deojol F AAXJEE Atojo o} WA A7 EA
A @r AL CTEdl-16] dnyez d#yg

T ERMAEY MIAIZUEE

Qo e, o #HUs
(recovery) tlolel vl & AFTHA Z
Aze Brade &% }’\‘4 AAZJAER
ZAe A F#38W "o (29 3)2 B3 g
Hol &),

o droie e
go Lo U r&



SAF AAEOIA 7HA MISECIES Ol8S HISYIst MAEE LUBIS 1205

tine 1 tine 2 Z2qrEe $718 sojok a7 W F/1%E

Py - i Qg waAde] WAATE Wil Atk o WHL

o \ \n/ WE A Fde aTEE Aod 478 BA 4

/ / s o WEY|s AAEAY SFnABe 7 LzA

P2 i # 27 gE Zedsd Egdoz MATJE Fch

‘ - wetd, £718 Aaxd" duyFad YIXUE
Consistency Inconsistency

line tine Adl A do]l Aok FHo) Qek sAR, W57

3 AaEqs dudzEe A% AN AF BT A

(A& 3) =7 &l Aol 2w o BA7 B4R 5 Ade BAR

o et
BE AA2INY LnAZEL AF BYA 22A
sgol A £92 weA &) A ANA 23

AR 2Ae@ TzAxzt

o

ol

A 1-16). o EREES
AdAg BRa slig Aazs it e 4 agozyy AT ARPA %o A 4P
& Aagees df Sl Ans AL F g gx zge 25 B pesimistic) W44 2
shelo] Aol FAAG S AE BIEZ g yggoptimisic) WA 2AeE HE S 3
A% SuGolbacd) A ATHE AR AN D o e wad 246 AAAE 9R4 AR
G 8 wEaAE A Zzdssel 329 AZEL 4 oo g Zeds FA8 AAANE BAE
E 358 PIEAE AT wad F8 BN gan gan gax 2ge Z2As Fd0) AA
ARE AAE ALY RATE ANTE T gy ga aaas gd 43R T18EE 8
coe thed 2ol ALl Ak 24AAE B o uul oy wans dad AAA 229
A2EAY AFE A 23 FFANE T B g e cansal WA 24 g0 AR
goln nelat Asd 2ds goisel dd BE o000
o 4 AE B e ANY AZTAY 4 £o5 Azzeld wndZd uEsls A2E
Fg s, SReAE & =N ANE ARE g gpazae 714 perodi) A22AY L
99 duaze e ZAM) A ABAIE ¥ Ly Jwmoes ggdd 474 4a¥AY e
Wk ARE HOlET, AT 64AHE B R Ll 4 wmasoh 9R@ A0 AR AZE
& aoen e a4 Aol A% ed A4 AAXYR
Gaoze AEe e Fol doh WAAE FEY
2. o|He HMIAazeldo st AT 2 ook wetd, J1Ee Ay ¢uaFEe A

A AREAYE EFog Agstds, ao WA
HAA7A cFd AIxAY guelFEel At A2 WA £ Y FEA A2FARY VeEd
gy, AHAEUAY LnAFES A F718Hsyn- Ao, H2 WARE o) gste] mo} HAAE
chronous) AAFAE <uaE¥ H]F 78 asynchro- AAG 4 Q= HE78 A2TUY e FEel A
nous) AATAY LmPFoes v F UH{i-16l a=leA=1
£7)8 AaxAY FuIAFL FELE AU 7 XuZo] Aotedt 22 (adaptive) AAEANE <ug
sl ZaAsaEe] MAXUE Ao N2 Fste W zple ole WA Aol & XA (zgzag) AO1E &
Ao}, &, ¥ ZEAxr AATJE B 9 e = AeRE olgstel AAXJE Fk ANE LT
ZAZEANARE zﬂiz E &= aAgth 718 o g AR oA AlelFe P4, Evlw
ARETIY FTEEFS AY AN EHT77F wEl, e BANE F AvkE BF) Ve %1 At
Tulx 2dE ““M?l 7 et Aol Atk & A AtolZe A ZAZ(path)7t Atel2& A
A B7)8 AAENY FnYFL AAZJE Ao e Aoz Ao ARE A(evenDE Aold] ¥



1206 st=dEXe

S| =2X A H5=(995)

A 5]E=  happend-before relation[4]& &743 Zojc
o71A *}7‘101 , HIAIA] A4 (send), 2 (receive), L
g Aax % gl wpebr, A4 AAEUH
%_}"Ela"“*i—'é A8 HARA7E A2 AlelEE HA
s, FAl ZRA2E WARE Ayl @ A=A

EQESY oA Ale|2g AAYT (2 4= #
A AaxdY dnelFe BFIAA HAFn HE
H Aazxdd exndFe Aoy AljEd WAL
2H dAA e Al=d FHE AT, LA
27k dAA Agol BE W AZXIE 37t FUt
sha, A% Ato]FE 271 AF Raist AAA drk.
aEs, A AelEg gatA BAdA R}
Wgo] wox g3t B4E + g

Zigzag cyc

p

ﬂ\/

Checkpointis needed
to prevent zigzag cycle

Checkpoint

(08 4) H8™ MI3XLIE Lue|FE

Wang 59 AT7ElelAE AIIJE WIS off
e Yel(azy) AZXQY LaglFel AANHJD A
AR A% ZRA2E ALEHE dAA e e Az
EE?JE ﬂi—z—‘ AE dA R A28, £ ZE2A
= 125 Agsr] @Al wWARe] #rtd HE
Z 24 ¢4 A2FEQE W79} AAe] HIAXLJE
ZE uEgt) ghef A4 T A2 HIIRJAE
37t d A", AAAE AEslr] de AAXAE

o (R R

hul
o
=)
<
=
S
>
o
_2.4:' B
" §
F_‘ im
z fo 2
[ i
fob rir
ool g
to X
o
wy oo

i F
H—I (o}
>
o
~
l
)
T

9+ AW, 24
WAA A%l wE i
BolAn, ek a7 24T F
ek

= A

T
>
0
fu
° X

o W

2 =RAqAE b A8 Aaxd dudF

2 AR ZzARZ 29 S Rolg
WAR AsFel BAG H714 AIXAY g
23 5U% Aol ALIAE 5E MR, A
B4 HTY Fe 4 AAE A o513 A

3. A2 neda Zof

o] HolHE & —ErOIW Msta e Azd B

doll thef A, #E folEl dafM et

31 AAY 2

£ =24 1z e AzgdrMe ted
Zadzagol st S FAlA 3, ZRA
25 Alo]g] BEAle 92 HAAE B dojdt
o 2 Z2AHAELE fail-stop ZEAAAA 5352

AR FA Aboje] R A2 o] A o@.(non
~deterministic)o] 21 7FAFTE. TR A2 S0 @
AR o2ty A A Sole ZIA2V AYET F
A Al A= AAR AgBA o] Aol LA
s7) A3 3 BUsin 2o shR|y, ZaAal
Feo] AAHojgte /AL BE 43 8 #Ad
HLE A Btk Z2A2E Atold] Agd WAA
T &dglel B HAeEHR, gEtold X (sliding
window)$t 2 EA Z2eZ o8 FIFO ¥4&
wErtn Zpgech ®, A28 8]F 7] H(asynchro-
nous) &2 %2}5}‘1}"’ i Ei= s

4 ZRAsE AA A A AU E A=
E Hag u{]A]z]Ol #A7}star, A9 Abg) 7‘31% ““
2ale} g AFFA G v EEn. W2 AFE
ZeA2 ARE AY YA 48 £ YA, ¢
AH AZFR ) 71EE A8E AFe] s} qAsct
ARG aga, Z ZrAAE $A AR A3
Az H3A “i]’\]?(] 27& AHES L 7HA S

mo i

32 g9

EEAA AHEsE fole thed #rh A2X
I E 7 (interva) S 2 TRAA9 dA&4H FHAE
E Aol A& Tl 7h A9 dA(cur-
rent) AZEJE ztAH, 7 Z2 A2 7HF HI
AZFJES dAe FHPAH Atole AL Ldrh

u
=
olE

0,



A AAR-IOIA ZHet AIZELIEE 018 HIS71e MaEE LNEIE 1207

MAXCPT(Maximum Checkpoint Time)& F #ZX
JAE Alole] A AlZHE @t & 7 ZRALE
MAXCPT Aztuitt BrlH o2 HAXJE g} 1
i, Mrde ZAA FEE AFde A2EQ
EZ Myirtual) AMREIEZ Sz, AFH A%
ZAA o 71Z8le AAEIEE UAl(real) AIEQE
2t gt

4 HAE HzEAL Y0F

of, 2FLAA HEY F 29 AZE st a3
i, ANE AREdE dnFS 7|EY HEH
ve) AaxQd dudEa 2ol Af WARAE ol
ated TRAA 7 qEQS AATTY AT, 22
H=zhe) WAR] AgHFs} FYPEE oo wpeh B
o Aazxd v A45% vy Aazd

KR
ZAES AHF A7 BAsd 194 Ao go
A% sYAAL AR BaA

Ay dudFe (0¥ 5% 2o
AANE A2FY CudFAA 72+ Z2A2E
BAZHMAXCPD)v A714e s AAFZJE

/* for process pi, 0<=j< NY
While (pi is not ended) {
/* normal operation */
/* pl has to checkpoint */
If (current_time == Checkpoint_time) {

if (virtual checkpoint is done in current interval) {
/* write virtual checkpointed contents of memory to stable storage */
Take a checkpoint with virtually checkpointed contents;

}

else {

/* write current process state to stable storage */
Take a checkpoint with current process state;

}

Increase checkpoint number by 1;

Checkpoint_time = current_time + MAXCPT ;

Unset virtual checkpoint exists;

}

/* if pi has to process a received message */

If (senders checkpoint number > current checkpoint number) {
If (virtual checkpoint is existed in current interval)
Set current checkpoint number to senders;

Take a virtual checkpoint with current process state;

else {
/* write current process state to memory */
Set current checkpoint number to senders;
Set virtual checkpoint exists;

}

}

Process a received message;
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