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("ERTIHERERMNFR R X 401123)

W E ATHARERFBEREZRABARE AT ARRA B LM BT ES
ERWEEFEETERET -HEEEREARERLE, SEANANERXRER
AR, ZEEZENERZEE, TRAGHBEELANBREERBAARER, KD TH
FEHBERHE, kT RERRDRNE, CRIRARBERIOVLHEE, LAT H#
THEBRARERERERREH AN R TRB O, RERNH AL RE AT
Ho(n') BEE O(n), REEn -1 EAFHE,

Rt

0 3 &

e a5 B 2 8 1 K 2 5 1 & ( checkpointing )
KoK & (rollback recovery) B A, i 43 1 R IFAT
HWRERGER AT/ RS KB B RAAE R
AR ST RRS (R R k8 UT, B
TR S FF BT, DA T B A B BE b o /0> PR 5 Rty
RMHBERAME IR RE N ] A ERED
Tk, MIMARESRBENS, REEFE2A
—gh g 5 IRE LR B E SRR L E
ARG M IKJLIE B (orphan message) F1 /3R 1H B
(in-transit message) , B T UMAKE R B LA G
EEIULELR, KRR R —FC RS MR EHR
FRHE . DIENEHARE SRS, i CoCheck &,
T8 R EE W et (FIFO ) Bk, Sk P Pk
Bz AT NN RiEEAEFFHA. 1R
ZERELHHBES Y -, WELIRF RS
O(n®) MERIEEFEEE. T RMESHRR
A=, 2SR FHEL T, X FRENHEREE
BAD, FERERR, &R KR SR
BEMSZIFES SNAR BIERENRAE I
TN R B 5 R S B R 5 e T e T R
TES, XBEEME AT RSP RERRAEES
FPEAERKET R R, 4 XX FE o, A SCIRH T

© EXKWH AR S TR CSTC2008BB2307) BIBIBIE .

B, FHERER, HERE, ENERXKE

— IR A A R, R0 B R R A R K
BRFEASTEILE R, AT B RBERAE
ARER, — T HERBREE R SHAMAHETE,
PR 86 %A R AR AT A 57 3t A SR AT O R AR A
[A) i} 3R T B BBk, AR R B PR B B R 32
BHRAEH BN, FERNMIE, ZREHN
O(n) , BMEAENUBER R B 7 A K IHFATRL A AP, A
ST ABRRETTHE,

1 AxHE & &R

BE AR R E BRI REMNE 1 fra. Sk
R R A, HEARRE [ B B B — BUG & R €, LR
17,85 T M Co FFRIT .

Co P55 o) mE
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1 EE%RERE

EX 1 £F/IRE(global state, GS) : TE—
n MEBRMBK > HXEF P = {P,P,,,P,}
FL MRS NHERKREN S = 1,2,--,m), H
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BNHRRESH R HBRREER PS = (8,,S,,
-, 8,), HREEGNEERSER CS, W25
RE 6S =#HBREE PS +FHREE CS,

ENX 2 HigiH B (in-transit message ) : 5010
RREFHHE—2RHRRE GS = (5,,8,,-+,8,)
M5, FE—HE m,, MRHERENHRRS
S, AE T HE m, FRREM, THIEWCE BRIk
8 B S I B RS, WEE m, R iE
RIRIHE , A 2 B
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B2 figiEs

B2 o 58 m B Rk R, R P IRRT
HE m WRREH, T P, BHIEF m MW,
FRMERRERTRESHEHAEETY B
&P, RAEMWE, FEIRAES C,, . ERAER C,,
HEP ICEHE m B RE, MEKER C,,,P,
HEBEEHE m gHERIERE, SRS THE m
IFER.

EX 3 FLILE B (orphan message) : B4 R
REPHE—-2RHRRE 6S = (5,,S,,,8,)
mME, REAEF TR HENEIES, HRE0
BREB R EFG, A ZHESRRIEIULEER,

WA 3 Bimo
.
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B3, A RE 1€, TE,HEm
BAPULIE R, #5/2 P, iL R THE m BERFS,
3R P, BRI RHRE T, FULHE B R R
AT RE S B K (domino) BN MBI P, KA
F—%, EFEpEs I Cl,lo @@ﬁ m %&ﬁ,%ﬁ P, W
RIEED] C,,, DAEEMH m T MR, R
BT domino BN, 14 R 4 & & [E IR BIJT 46 Ak
(CI,O’CZ,O)O
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EX 4 2FB—EIA7S (consistent global check-
point/state) : R FEEMILIH E W 2R FRRE
Gt

EX S5 BEeER—B IR (strongly consistent
global checkpoint/state) : BE AN FEFEIRILIE B X AFE
FEPRIE B M RHARE 6S™, NAWHERS
R—BURE A KA T U TIRE

2 RAHEA
2.1 REREE

AR IR A R R R R R AR T
Fr ARG A R B A AR e R R
REEAT .

(DRGH n MNEBRMNHTES SR, &4 R
Z I8 A] A B AEE A ;

Q) BERBERRLHN, BN REWEER
EdalinE

(3) &R Z B GE S E B T8
2.2 BEEENRHEXRRE

ENX— N RAIATRRFF P,P = {P,P,,
< P, HH n BRBIFTRIRF P& R
B, RATRH DB R SE H- #8 . IR
BF PRNUKRIEES R, RIMEEIEE(RE
REEIBIRE B ) R ) f8US 3 #E 72 (initiator
process ) , {EAT R ER AT BE A JE SRR, XA
BRE AN HRRE, HoAh AR A A0 AR
(application process) ,

RT 2SO —EE, RAMBITE X

S(flag) : AW B ink, WA RRE—T
HERRREBCRETHE HA 1 Rotfu#RR
ETRAER,HN 0 R R ZE W LS (flag) R
THBP (=12, ) EEHERE.

CIN): RERFS, BB, BT —INEE X
H¥E,HAEM L C(N) Rr#R P(i =1,2,-+,n)
MR P 5o

S(N): REWHEBFZ, BIE, FRME R iRk
BIERAEMELR BRXE-FHEE, HMEM1;
S;(N) Fmi#tfg P,(i = 1,2,-+-,n) BIHRIF S

Cio: R P,(i = 1,2,-+,n) B« M
ERo

M(C): BEHRIER , TR AESBEEEN,

msg: TR Z % DT B  msg, B R R
FIERIER n MR E
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ASCKR BT AT UV RSERAT N AR B
A EHI7E B, (control message) , 3E M(C) ; #HfEZ
6] A SEEE B AR AT 384 BT B AR TE S

(application message)

3 BELAEE

3.1 HiEH#iR

RAVIEHR D AFE, B IRd RS R
Y4 B3R (initiator process ) , FoAthi#ERR 1Y A N FH
#E72 (application process) . J3 Z#FEE H 2 I =4
HE M(C) 5N AR R, R HABREHN n,
MAFTE -1 MEHEL, TR TEANEE,
HRARA SSIARNERNEEREREEH 0(n?)
KRS 0(n) , BRUBERR T REMBERMY R,

BRER RN BRAHERE, B AR
HEFEKARE S, MATEERBENRER, K
KES THEEMNPATEE, HBB RIEZKRFE N
K SRR —BRAE R, KRBT HREKRE
AREE ., HELRWT

Initiator process P,(k = 1,---,n):
if §,(flag) =1/ BOEKERG, HB P, ELRET K
HR =/

creates a subprocess by derivation method; / * 33 JE 4=
FEAE—A TR/

initiator process continues its normal computing; / * i
BYGIETT +/

subprocess takes a forced checkpoint / * F P FRIKEHKEE
RS =/

S,(flag) = 0; /=R P, Riklpik S, (flag) B O =/

C,(N) = C(N) +1;/+#B P, KELFSM1+/

sends < M(C),C,(N) > to all processes;

continues its normal computing;

else
G (N) = C(N) +1;
sends < M(C),C,(N) > to all processes;

continues its normal computing;

Application process P,(i = 1,+--,n):
if P, receives < M(C),C,(N) > / = HWB B shtfd P, Bk
BRI =/
ifS;(flag) =1
creates a subprocess by derivation method; % 3 5
TRE R AR TR/
application process continues its normal computing; /

* EHRYERIBAT = /

subprocess takes a forced checkpoint / * FiH 3RS
K S0+ /
S (flag) = 0;
C.(N) = C(N) +1;
continues its normal computing;
else
C(N) =C(N) +1;
continues its normal computing;
else if P, has not yet received < M(C) ,C,(N) >&& P, receives
< msg,, C(N) , S, (N) >
if C;(N) < C(N)
if S;(flag) =1
creates a subprocess by derivation method; / *
R IRE R QIR TR + /
application process continues its normal compu-
ting; / * EHBRERIEIT =/
subprocess takes a forced checkpoint without
waiting for < M(C),C,(N) >;/ + TRk
P R =/
S;(flag) = 0;
C(N) = C(N) +1;
processes the received message msg, and ignores
< M(C),C,(N) > when received later;
else
C(N) = C(N) +1;
processes the received message msg, and ignores
< M(C),C,(N) > when received later;
else
processes the received message msg, and ignores < M(C),
C,(N) > when received later;
else

continues its normal computing;

3.2 HEMEXFERERMEIER

MRIESR H A A SRR, AR T B

EE X ENERSER PG = 1,2,-,0),
FEAERRZ] ¢, IR KENEAREWE S (flag) =
0, WZEmZ] ¢, 72 P, EREHIFTA HBEHA RN
JLIE R

B ARIERIL B G, AR P LR E
R WEt%] ¢, RATERAER C, . M C,, ZH, B4
S5KER G, WAER, BATEKRER C,, M C, ..
ZIE], 4B 4 Frmo

| i i |
| | |
Ci..z—] C, x CLrl

4 HZIt5RERC, BEAMEE

A
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Wi (DRt A TFRER C.. 1 C,, ZIH,
HREIRE S (flag) = 0, MARERIL AT, FER &
R Gy Bl X BEBS RN, BERR P, B0F RIBAEMTIH
B EMAFEIULER. (2)BE: SHER C.,
WZIEE, Y REIRE S (flag) =0, LH‘&JE%?%_I
LERZ) ¢ Ab, B REBKRAER C., RS
S;(flag) B0, BNERT#HE P, REKNFEHE
(Eﬁﬁﬁ Cipoe T C,, B , AT ATFZEIILIH
Bo G)YREMTHRARC,, M C, .. ZH,HE
EIRE S (flag) = 0, LJ?F&JE%?%_I%I ERE R
C.. B ¢ X BRI, 78 P, BB RRAEMHE , B
MAFEIILIER . &L, EBAE,

TERE 2: R AHERR P, R P, RN AHE
< msg,, C,(N),S,(N >, WF#RE P, A RF
S C(N) 5B P, HRESFS CG(N) HRE
C.(N)(==2) > C(N) (=x-1), WA P, Kk
AR FITE B msg, AZMIVULHE L.

HER - SRR P, WRIRLHE R < msg,,C.(N),
S.(N > Ja, WBKERFS C.(N) 5 C(N), &3
C.(N) KF C(N), #78 P, AEH LRI « WHAT
B&IFE T A ESR RS SR A i
B < M(C),C(N) >, 378 P, HAFREHHE
<M(C),C(N) >, TRRE A FHRERE
S;(flag) RAMT R BRI E S, K54k BB K
RS msg, , XEREZWHINHHEE msg, B
A EHRBGERR P, TR, RAEIULE B2 SCAT A1, R
FIE B msg, A2ZMIVULHEE

I 3 RUNHERE P, ﬁaﬁfl‘%P F 38 NI B
< msg,, C,(N),S,(N >, WF#RE P, A RF
S C(N) 5B P, HRESFS CG(N) HRE
C,(N) = C(N) ==, W P, KX KB HHEE
msg, AR RIULIE R o ER : ABE

EE4: ﬁﬁnlﬁfl‘%P PR P; KA R AHEE
< msg,,C,(N),S,(N >, IRHR P, WEERTF
S C(N) 5B P, HRESFS CG(N) HRE
C(N)(=2-1) <C(N) ( =x), WA P, Kk
HIRLFITE B msg, AR IULHEE . EH : AB o

HILIERPEES 0T

XA SRR P (k = 1,2,-+,n) & RIDHEE
KRG S, (flag) =1, EIJ?%‘E if &1, AR Atk
ﬂﬁﬁ'ﬁé’%ﬁ#ﬁﬁ RIIARE S, (flag) BH 0,

HERA SRR R, IR & S, (flag) 4% 0,1
JE%E% 1 /50, #8 P, B TR HEHA RN
LB BT R if &0, BBEA else BefURS, 1L
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B, RREWRE S, (flag) 44 0, RIFEH 1 0] 41,
P, B RENIIBEHEBARIULHEEL

SRR Pi(i = 1,2,+,0) T H

()RR AR P.(0 = 1,2,---,n) KBE3N
R P, (k=1,2,-,n) REMEFIHES <M(C),
C.(N) >, M RE—A if 4, 28005 shit e, B
IR EEBARE S, (flag) =1, BN R if 54,38
LGB E R ERE S, REHERE S (flag) B
R0, H i, REEE SFE R, R S (flag) 4
o 0, AR$EET 1 750, #2 P, B RIEMPTE TH B
ARILHE B BAARTE R if 54, BIHEA else B
W, e, ZRR & S (flag) 4 0, R4EEM 1 0]
LR P, ERZEMFTEHBRARIULEE.

(2)BRARL AR P.(0 = 1,2, ,n) BH W
B #ER Pk = 1,2,,n) REMEFHEE
<M(C),C.(N) >, HREWB T HMHIER P, =

2,-n) (BFBEREHRP,) RERMMAELS

< msg,,C,(N) ,S,(N) >, B2 else if 554,10
RBE&M C.(N) < C(N) Bior, WEA if 4], R$E
SEH 2 A, BERE P, RERVITAIN S < msg,,
C;(N),S,(N) > ¥IARSZEBIILHEE. , B FH R
P, TEEMEERITE R < M(C) ,C(N) > ZRTHWH
{RATHRAIE BN NS < msg,,C(N),S,(N) >
YWASERILER; REH C.(N) < C(N) R
ROL, MHEA else B4, M R EH 3, L 4, 3R
P, kLML BT S < msg,,C(N),S,(N) >
WARSEFILEL

(3) IRBEAW R (1) AW 2 (2) , R 7
ARSG—A else iB47], AR P, IEH AT, F23R
AR S, YR TULES,

SZEERNHER PG = 1,2, ,0), ER
&AL, BB TILEBERE, i, @l ZR kK
BYRERE—ERER—BRES.
3.3 EHEHE

SRFISCER[ 15 THERUBAR, A SCte R Al 2R
FRRERFERE S WHEE, YHETERER
2SR, B RIRAE— AR RS bR gke:
BT, AR B B RET ABRTE SR 5 5C
. BRFRRNT

//takes a forced checkpoint;

creates a subprocess by derivation method; / * 33 JE 4=
AT «/

primary process continues its normal computing; / * 3 i

TRIRBEIEAT * /
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subprocess takes a forced checkpoint / * F P FRIKEHKEE
R/

Hid BRI, B P SRR A R AR
AHERRARZS B 295 DUt (18 B REAR IR A T AR
AT IE]

3.4 BEEEB

BHEESIAY T RHEERESSEE, MRK
5, e SBERENEE 3, BB R K
K, AR , XaRBERNITRE B AR
FEANTESBKEFENLR . RIWBEERR
S EBPER AR ERRE T, ;, (i#)),
PR R ER BRI A T = {1,
i#j, WEEESIAY TBEKT Toe = {1, i
#J o BRI SRR A B 8 T REwR e
FEHENHE (LT REEBHEHTERER
HEE) T RBIAMART T, BT —1 2
P, AREAEENRERAER €. RIFKEE SRR
(Cipumr,Cr) BARINFTRIZHITHE , Q0B S FT7R o

w o ]

: P
Cl'. x-1 CI x
5 HEmAEHATRER

B 5 o, BB B SR P, f P, B THEE
F‘nﬁ]}%‘l/ﬂﬁ ch:F T, = {Ti,jy i 7&]} ’ Xﬂ‘iﬁﬂplﬂe
Ui, FERE RRIRR (Ci.es, €y ) BIRARHIERH
B om HATEHR P, WESERAE K C,, HEZHE
R P WAERBHRE P, RAME, FIHEE
WERLKERTBS2 EMNNRERER {C..,
C.! FFEFHE, i THE m EHRE P, HEAR
C;. ZRICEB U, B m AR IRIE R, BT
AEEHRTEL. BUFEREHERE P, KHRIEKE
RCBATERFHERE. MR, B S5 FHH
Bomy Jom, MR RIER, TR B kR
R P, FRIEKER C, . CRFHHEGFR, 7R
REIHEHATER , Bk PR R ER
3.5 MESHRE

RATEH B E, ARE SR ESEREE
M(C) 5RHBERHATRE, IRHERECH n, MR
TR n - L MEHHEE RS AR R R RIE A T
B RIEARIR S(flag) HIBTRBRBIE R, AT EH

T R EFUERIBINE B, IR RZRBEH 0(n) , T
FHEGR 0(n?) o
3.6 HEMH

BHERESEEEARIRTE: (1) ERAERTE
B, QAR R TR AR (— & EK) Kk
BASTBRE R, B, W0 T RE 2 R A%
B; Q) F T HBRETHEARER, AIRIEAC X
A& S(flag) FEATHINT, AFHEHABBER HE T
B, &R L ar R RS S & R, RARE
HFATRME; (3) B R B BH %, SERHNM
B BRSZBIE M L, KRR E T B8 M PAT 3 5
() BHIERHER L, R E R T A KR
HERRERE 0(n), HAMRIG; (5) BI 580
Mo B B A B R ARG R T R T B R,
A EI A R R AR AR 1 22

4 PEebITAE

AT AR, B BB RSO — e LA )
BT T IR, T EAFA ST R
EARATHERFHEGEEMNERA. ATEEER
R SRR WE M T E

Coc AN—PiREE—-FHEBR A —1
HRERMTRH;

Cbroad
BETHRH;

N

n

MR — A B BT A 2

T ER A SRR
ARG M REL
HRIE ERRE S BNER 1 B,

R1 KR

Bk REME EHRIEE A
SCER[1] =2 3+ Chppa
3cER[16] B 2Ny * Copg +min(Nyg, * Coong s Chrona)
SCER[17] =2 2 Chpos +1° Cppy
e Ciroad

MR 1 ARara, SRk 1,17 | REER %, Bk
REYHBRRE T ARAKRE QB A BBHEITIER T
o FEFERITEE BRI , SCER[ 16 ] R A 2 BB
BRI, Bhe— AR 2 MEHITHER IR
PG R, REABN 2 * No, * Coona, TEE B
BRI & B AR MK A KA R, TH B Y
min( N, * Consy Cio), BELEFHANR2 - N, -
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Coont + min( Ny, * Coong, Crroa) o [FIFH, HABIEZE
AR, R 1 i, HTRIMNEEZ AR
B, WEEREBAARER FERTE &
HRMHE, H SR Couo

BENA—NERETER, YR SN, B
EREGEMH. XMREEEBSTHERSESE
BERRR, AR Z 0, BN A BN Z L
o RATFCHRL 16,17 |HATHLE, H Cos FT
n X Cop, MICER[16 ] BRECFII IR A SR
R SRR 80% , G5 RANEL 6 B o

iR
S EEREE

S W 15 0 25
=

6 HEHESHEKE

30 33

ME 6 ATLLE I BEEHRBENE K, FEN
FEHRIE BB K, =R o I R
BEERREMEARE K, RERETHBEECHN n,
CER[16 ] PR EARATE 3n - 80% FEHIEE , X
BR(17]%E 3n £EHHEE, MAXRERBEER
TE -1 FERBEEHEL

BEMPATI WA EE, £ RREHEN
10Mbps , #21E &R 424 Windows XP, BN S R
B NHRNEST, BT EER, RAITHRE
BYPE SR ENPRATIEE 7 B, 2 A ey g
(OS2

S0
B OS000 ,

%
= 3000 . T
o = —— TH[
= 1000 — _ _

o *

ng)

frm el

S 1k 15 20 025 30 3 40
g

7 HEBSHITRIE

BT R EAE H, A SCH L BT I R B B
LT ICHR[ 16,17 ] KSR IE , 5535 A RAT I IR 7 4 22
A ESTERAY, 5IHAT R HB T B A R
AREH) . BEEFATHEMRNYT K, K i
[BIFFEA3E AR , Fe A RAR AN K, BEAETE R AHL
B AR
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5 # #

AR T —ANEHEDAEE RE %, EK
HEAEALELEWRE HHE B 2T S BIULHE
B, UL R B HERR Rl i A% T BRI
B NTERSFATRE, B\ TR EAIITHER, &
BRENBRZEE, HRFRAARER, BT
e st A A B B, DB T R B RO SR, IR T A
&R BTE R A, B R ESE R BEESE S,
IR T PRI R RV, B3k B A IR A2 2 BE ol 8 9
0"y BEEE, O(n) . TRBIE T EH EMHRE,
BRI SR M AHER W EIFT RN, S5
EE SR RS TR BT, P
FARHF S, ANE RS RE an B SRIERS
RSN, URFRANTSES .

%30k
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A non-blocking checkpointing algorithm with message complexity O(n)

Liu Guoliang™ ™ , Chen shuyu”
(" College of Computer Science, Chongging University, Chongging 400044 )
( ™ Chongqing Academy of Metrology and Quality Inspection , Chongqing 401123)
Abstract

In order to reduce the time and space overheads for setting checkpoints when using the checkpointing-rollback
recovery technique to enhance the error-tolerance performance of parallel and distributed systems, a non-blocking
cooperative checkpointing algorithm is proposed. It is a one-phase method. Different from the conventional (two-
phase) approach, it jumps over the temporary checkpoint phase to obtain permanent checkpoints to reduce the
number of controlled messages and the time of checkpoint forming. The proposed checkpointing algorithm allows
processes to take permanent checkpoints directly , without taking temporary checkpoints . The character of the algo-
rithm contributes to its speed of execution. Orphan messages are eliminated by sender processes and in-transit mes-
sages are eliminated by the checkpointing interval and retransmission mechanism. Iis time complexity for obtaining
checkpoints is O(n) , not the ordinary O(n”).

Key words: fault tolerance, non-blocking checkpointing, rollback recovery, single phase commit algorithm
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