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Adaptive Fault Tolerance Technology Based on Object Middleware
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Abstract

Distributed object-oriented systems are widely applied to mission-critical systems, such as real-time sys-

tems. online paying systems and stock exchange systems. Presently, main problem of business distributed object-ori-

ented systems is how to integrate fault-tolerance service with system and still provide correct service for user at the

event of system failure. In addition. distributed systems must always operate in highly dynamic environments, so

fault tolerance mechanism should provide more intelligence to adapt itself to in response to the changes in system re-

source, application demands and user requirements.

To solve these problems, adaptive fault-tolerance technology

based on object middleware isadvanced. This paper analyzes main features of adaptive fault tolerance based on object

middleware and its problems, evaluates representative systems. and introduces our present work. Finally we give fu-

ture research direction.

Keywords Distributed computing environment, Adaptive fault-tolerance.Object middleware ,CORBA

—.5|F

RER. NN AABEFBEBALEEPHEIFE.
SEARAERERE T RIS RAEW . DR E 3R 5HR
RECBYTSHEATE@Y RGP mEhGEEHE
GERXMREANBERBRHALS.BR BUBTRMD
B 2A P R REENER. FRERE M EE
AR e XL HER XA R R R E SRR
FBB . FRARBHT KRR HRRTRIEN T A
REGETLRED AHERERIESHREGESHFITRNE
EEF R MEE TR R KRR N R Y
fEBEHRE ARG ARR IR T RATREGREE
EMEEY. Q. T EAKA AR 0GR AT 5 .RB &
B NVP R NSCP R R FRGEAHFLRAHE
Y AHREE SINEETHATEOSHRNE BT
A RN SRR S 2R, ABNRARA S S
E#X—MAXSER MERS S ARLP Rt ARRH
AR LA,

B 5 A5 it MR ZE LR ST R A L5l
AENE RO AFRAURE S TR ERGAEIEER AR
Bl T RS R T E SES R EAR P . EXRE
RO TRAAER AT EEEEY,

MBTAT R . B2 5 R R G T A VR A HRE
ARAERBENG . BEA S BTHRAROREASEn. &
F GG B S a0 BE ST 200 02 B P X B AR BR
BRATAMNARKEEEA. TR RN T B80T
B BT R G0IER T, B . 5 AR R
1 2 B 2 BT AR BY R 09 TT SR HE 8 3R L YR MBS AT R ¢
RN FRGHE ERASSANLERS  TANT
R 6035 B A 4, DR T 44 P2 A S A S 6 S B T
W 3 L 2 B B ) e T U Y R R 6 THBE

BRXTWENRGFEHRTIGE EMT FEXRMER
W HEZHRNEAFEERERATERENRY SEFERN
ROXTRPEFEANX—EBRET FHBRGTR A
MHRPEUGLERAEH —TERETBURERSFF&. .
RARFHTBHEEMTTY RIE.

BEARBREIHARRANRGSABEN S —TEE
F R MALA S B0 AR AF5 0 5 U AR ThiE
ERXSEN—TEELR. B RBUTRHEHRE . ERK
RItBrERC2ME  HEXEAGENER RSP REFER
AN AFEAFETRENSOHAHRETHESD .2
T AERE . EEHAGA ST REMEE N e #EET
AL ERURE S — B SO HER BRLLEN XHE
KREZFGRESEREBRBIREITIFRME AT RO
L. E&ESENEHRE . LUWEN AT RENER. Bt
HMEAARENHE.

EFXR P EMGEEHENEHBLRHERA T ARETH
BHNEARERBFROEHRRECEX . REXAE SO
PERO BT ECR L B35 R 5 R L AR E T RIEG A #K
OERIERAATRAEROWET . RIEERERSRE,
RRREORNAENREGTLE.

FXHRE TR P A6 5 &N EHOZEFIFENT
ERROIENE M ERAVOETHRPEAHHBEERS
HOSHRERLE KPP EERN BRTe T4 1 HZ Sk
ORI BE AU THER.

ZETHRDEGR B S A

AR MARIEEHRF RS ZADREROCLERR
F EEGTRECERBONET KEAER IR ERSL
TMRENEEER. KU AHOERETTA . ETLUS HEH
TR ETUA . BP N B — N A R Gt METT LB, et
REEMHEN A BRET - KGEEHABEORNTETER

OFTRONFESCFET WA RS T . FRE BIHRE TEHRAT DA HARE R FEEHERE = BIHRE.FE
PR KRR KSR . MAX 88 90 EER . RS R AR RS,

- 121 -


http://www.cqvip.com

BE DA ERTERETRENIR TREZRETENF
FIS )RR mAEN R B RS AR RKIET Y.
SAR ot B T A BE X YT IR — FhiR B L WAL A SR A —
HAEEROLESSGRA . HENASIEZ MY —[H
MRty . AESNAENTLRER BERAHTHETER
RNYANBSEER.ITHANHEETE RS - DRSS
s ERIEN AR RENER E RTREEREARR
FIHZE,

EFPEHFHEENFE AHERTERENEAR
S ARIENARFERNAEERGESEOEX R PR E
ZERMREAREFM RN . IR TAEAMNENE
BRTEAEGE. AN ABBENEEASAGH BENARE
HEk.XH RBIETRAETEHERE XBRETEAR
FROXHAFRE B ERIEAGTREENER FREESK
REMAXEREENHICMENLIREX.

2.1 ETFHRPEHHBIERBHNSR

RATAAN ETHRP AN EENEBE AN ZREAE
AR JLAE BRFE -

S HENSEISNZESIRERAANTTREE.EH
B REfTHHEFRFETEZNEEN

BN FEANE HiENAEVER ZETREREN
T R R TUAR T IR B K . 3T BE 66 07 IE 72 38 43 ¥ IR
Bt L ANER T S EXRES W REER:

@A HENAFEIELARESEYIAIREREN RYE
SR I AMB R AR AL TR L RGN Y D 4
iR, [5 B 0 57 % BE 4 4L FE iR H K A E5R

TeE HENFSBENHOFESEZELTSHESE
EWNABRFNTEENFRER . FETXESHHRTE
RN

g4 HIENEFHBWEIN
B DAY EE TR AR

K@iy HENAELBEIGTHTXEZEH—ME
WONZEFERE. GENARERZD.UREN BRFRITE
B thig;

i@ ¥ Wit EMNESRGEHTRICL XRMEE. %
ERENBEDE XFEABPDHNHENBFEELEURIES
I ERTH.

2.2 XPHER

HENASNEEDREAYARMISHNESETRX
FUARLAREVR - TREFAER RN A LHN, BEN
BEEARIZLFNAEBREHELE L P TP EAFX
FRBYWMALARENTAGE . ETULEE . MHEER
AR A ZEHEESENAERR EAFBRERERS 88
NE#SANAEMHBEFERAEEN. 0T LU Lo,
HENAEL AR TREEAR,

FHEAR BHEREAINAERESENSTERR.
FEMAEERBERER K. DN EMEREFEAERKX
X5 . BmEATARM N HBHE&. . #.NVP 1 DRB %%
AT EafFfraff . REREN WY E, AS RN
B ERGWERKEKX.RBRATAIANBITET.W
FatEE R AALARTHETMBARKES) FEAREF
# EREERE/D . A0, 55 ke S0 E KA TT
REHN.XNF NVPWH n=2+1. 5 F RBTUH n2f+1H
thn HTTRES L HNALATT LS B BETTR TR

« 122 -

SATRUCE 2L ENCSES -

D000 http://iwww.cqvip.com|

BHEREREYANTREABTRBEHEEEGNTRE
B.ESREAHBENAENEL REGNEBREGTESEN
RERR. . AHERETEN S PR ERETEDEN IR,

Readydihge %Fiﬁﬁiﬁmﬁ%%lﬁﬂﬁ%ﬁﬁu
WES HENFEHBBANHTTRA. B AR S BB A,
RO ZHE L. TRANIIERA I — PRI HERE. R
BHE—OED . ASMEERTHERENEBRES MERBES
REEWEN . ETUAANETIEP . 4HERBIBEAR RN M
AT ERREHFAGH RIETAAMEIEE TIE.TTRASH
HERYRMEHNSENMER BME=XEEXH L £+
X OBIXMBRERY . EFREBEETEHFEYHNRED
# R, 4 8 X £ & PRHB (Periodic Reception History
Broadcast) 7 U #1 TTP ( Time-Triggered Protocol ) 77
RO, R4 & 45 SNS (Supervisor-based Network Surveil-
lance) FRCIBRHEWN —BBETR.KAPSNS HEERF
FREHEHH AN ERMBEPARBE L. TTAHAEHHER
oL R ARG R F I L.

THeywmifiz ARGFEEAKAENEZFHEERIE.
T 2 7 40 3 5 o e i 55 = 2 A [ BB R A7 %o} O] B B ASE IS 4
RO B EHSHFRETHE P ARGE AT K
EENES ME—TREF BEHHIARNBITHES, T
LB A ID A E Bk Gl — kKT B ERHAEE .
EHARAGLIART EREANBRA.FTENEKESIER
WIRBEL EEFEERRHE . TEAAEGERE TR
hia RN EGRS .

A —% TURAF AR R IR E— MR
QIR REE CUBIERETE RN B AW . h T A4k
WRACEMEGRERS TRARAKH SRR A BB E
MUFETTEEARRE B, HiE S LIS ITHEE.
HEHE R ARB RSN FETOE s F—4REA
FEAERANMEERLMEMESTEERN  LMRIER XY
JH ST o iy it f] g R D1

EBAREEN KEETRENNSELREENESE
EHAENERDENEM. HEN AR EIEHT M4
M ESKEITHENNET . ABIERETESRER.AEE
WEBEMTREANAEG .

ELhRE. EREMXEERESHRXERLEPCIHET
BHERNNTR FEOFESHAIAETH L. BilL. 558
FAEENLRETEFESSHIHNE FERHEEERST
NS ERE.EA—ITEE . AHFAFRUERHHEH X,
ERIENATTRENER L BREEERAVE BRET £,
GUEAMAE BRETERBE . EE=VF . RAT2r /LI
RENRPRIGEANSENREEH . RERANERRK
.

= HABS B RIENEREREANTES

e+ ERBIH. BEXE BN AENHREE
EEHEEAMSHNLHANA#T RETEEVESHMSE
$E4 2] Kim ! Lawrence Xf B & N & &8 £ 5 &0 Lw 4
HRANBAHFEHTT . FRE T action-level 75 8%,
Bondavalli S{E4> fi X EBF#VE RS Spring ERET HEN
HEBIA FERT™ BT B RS — SR gL T
— R AN AEDGEHTRRLE .. EEZLEEFITH. M
T RO\ GEMTARG TR P RSB EHRL Pro-



http://www.cqvip.com

teust?®? Chameleon®"7fll Tong-AFTI*I R A ML
.

3.1 AquA/Proteus

AQUA BE— 1M RERGIKRER . AT HAXABEEEER
{7 35 ELRE T M . AQuA 7E CORBA T 283 &m
XTI i R AR P 0 A FE 4B R  Proteus B AQuA R
HELEY CHTERNEREHHISEE . NAREER
%1% (Quality Object, fAl#K QuO) .Proteus 5tiF H P18 b 1]
ERATERF.QuO EFTHEATES AQuA XH . B ML
IR,

3.1.1 ®Restiy Proteus 9 A= o] FEEFHE
(Dependability Manager , f§# DM) . R T (Object Facto-
ry , T ¥ OF) #I1R] % (Gateway) .l at QuO . EfTK S5 AQuA
HE#.DM X 3 1 ok % 3 FF B [F (Advisor ) #1 8 1 5 8 2%
(Protocol Coordinator, ¥k PC) .t E X IFMERIE R L F
BANAER HITREREIFHEHROCRARER . PC
@1 3CFF T« Advisor R AZX P Proteus R EHH 47 .PC
{# /] Ensemble HBFRGRIEH N ]R8 H 52,

MR T EF—FHH STk ERREE. . Q8MR
FEA MR . Advisor KEXTEEVUERKN R, IR I #48t
HREOA TN SR T S A TR B
L5l MR XEOA TR T,

3.1.2 THAMAME AN —KNB Gateway SLH
THEAFBERS FRE I EH, S5 SHI % .Gateway
BAEAKEARAEANS —BHEFAT T ABERERE
FANYS. 88— 1TMaABEeT —EEREXHEE R
FEHEHEIS, 7 Ensemble B FF T IRIEHRE A HE-FHE.
i3t ¥2 18] (g 5] 25 3 ok = FR 0 A UERR (8] @ 7 B B X A i A M
.

TR RN Bt — B F iR
R Wt R R TR TR RAG E R EHR
ERFEBRRSHE MEA NSRBI IGER B S THE
S0, M AR TR B AR A Fa T2 . Rk
RYGEE.

Proteus RERUEB AN ABERT X FTROAE
F.FIEAN— B . CHEENIBoRLE. SERAPER.
[8 bt &t %4 A< [5) 0 O] SE#E TSR L Proteus R R R AR FERFIH 0]
RHHEEAENANTER.BE Proteus RHBRARHLITIE
Ym0 I 2 5 2 H i Y S SR I 58 6 A AL L 0 F AT
QuO EfFLE . A FF LT MBI % BT Advisor. 5
4b . Proteus SRIZPELBT R G . REEX kb 5 M A .

3.2 Chameleon

Chameleon!®1 & —A T ER M XA ZR . TN A ARMORs
( Adaptive, Reconfigurable, Mobile Objects for Reliability)
RUFEBFE BN K  ARMOR i 2FH 3L AKX et
% %t AR 2 09 55 3 HL# #1 f0 MessageSend X £ 1 Mes-
sageDispatch Xf R, fi T £ X 4 &5 ARMOR ik &
ARMOR W1 B . X Be R AR R TR L T EHAEE . E X
ARMORs #ThEE .,

3.2.1 E### Chameleon BB AFHE. LR ED
&1 ARMORs MR E . TJUEKP AL RS LNEH. K2
& Chameleon iy API, & ARMORs X £ 2t ¥ L1318 3%
BREANEA GXHBES B RERERHIRE.

Chameleon it TR i oy A . A B 2% (Fault-

D000 http://iwww.cqvip.com|

Tolerance Manager, i #k FTM) F ¥ L HlfL . 2t scatde
YE. 3L B T8 2% (Real-Time Manager. fJ #% RTM) iRt 5
FTM #{UBIDiRE . AR CHARNELS N AR . 5K EBE
AR AW AR RN AN R AR ENTER. A
XA IR, GBS BT ARMORs T2 {RiE 7] LLFiil
B R FTaTIE] .

3.2.2 Thktymliigfomp —& 4] Chameleon K
H P R4EE 81T A S0 175K M (Fault-Tolerance Executive
Strategy. I # FTES).3X SN I MR T AM B F o ¥
R4y fitE o0 FTM 0 3% 4E X 26 s s 9 1 A AR SE v R #0 o]
R ECK, O] LA R S B A BB BB IR LA,
AEEE-TERTUGERREGES RS SR UER
EHR BN R ESER).

A RS, TTREESR MR RARFANRS
A —8¥. X FTES L H . XK ATRES M MU T LFIFE.
1L 19 E 79 2% (Surrogate Manager . fal Bk SM) fa T EKE . K
EARASEEREIR . A BERRMMFG AR REE
BERBRENEE ALWMAKROEHIERLH.

F R F2 (Daemon) i A58 {5 . Daemon T HEE T T
SHEALLER—FRE B A 7.5 N RS i Dae-
mon, F JA Daemon A5 %] B 8 #h .7 & Nl 15 Bt 2 [al@E 15
ML B . P A 18] 3 {538 i Daemon M K% S (6@ B K
R0

Fanout ARMOR /[ FHEZHBGEHABHBAIT
PR IRVE AR 572 B 55 A RS S AR 0 Dy L B A
BRAE S EIHA AN R BRI FR AR,
EREEXNER.

3.2.3 sy Ae Chameleon 38 o AR B FIAK 8 06
ALXUAL RO KBEXEEEREAWEIr ARV URE
AR KB EA LY (cyclic), O] MR E A B AR
EmEEE BAEEORERS . BELER, SRR
HRAETTEEHERESN.

M 7E FTES 8 E R . T LMRIERL A 48 KEB4r &
FITHAT A 555 UERAFEEAFREBHFENLLEGR
B O ULSER R BV A RE B AR M SR MERE N
#5.Voter ARMOR TTUL LA A E I R4S MR . M ELH
— AR ARRERSN . HRAE AR R TE
¥ 5 ARMOR (Checkpoint ARMOR) #9 # 81 7 . 5 B 5
HEBERE . FHERHSRETEE BERERSRHP.

Chameleon |2 & 4 ¥ 1/ 87 . D7 BE38 X . F| A1 ARMORs 3
BEEMRYEENRE. CIHPREBAEABISRITE
HITRE HETRERHIFT ARIETRAAHGA
H—H . 5 4 Chameleon 4t T SFIER ML . fE B 2k
MR LB HENE S .22 Chameleon 387U
WKERERROHZF A REAOTHREEE B, L0
HERAXFF - EHAR RS BEN b REERNNERESR
KNRAFARE XLENETHAFEENRB. BINRE
Chameleon 28t TSI MW B HA XBE BT HEN
MR R Ry BTNy kB BABRIE.

3.3 Tong-AFTS

JELAER LA CORBA HAEM M REAR H B3R %8
KB MM R LR T CORBA #HE .CORBA &4} fi %f
RitEE P EMFIREE. 59 A B A 00 FF & F A B R AR AERY
BHF . ¥ F CORBA ERAMA BN FERITURS

* 123 -


http://www.cqvip.com

FIF CORBA #2874 & Hh il ik L A S BRI E 5
[F83.CORBA Se K F & Lt E R GCAIEEiE; b TER
EEMEARERAER E . RAMRE TR TF CORBA 7%
ARG HENERBER AN 20 LK. 7 Win-
dows NT FIE {1 8 fTH I A9M 7 CORBA R ¥E A XS & A [l
{43F 4 TongBroker b LM T Tong-AFTS? (TongBroker-
based Adaptive Fault-Tolerance System) & & .

3.3.1 A#i#t# Tong-AFTS RLABIEAENE M
B EERSTERANRZEETER. CTAARERIERSE
Foeh el R GL A B &5 - BEFT BT IR AP BT . SO FF Y F A 1 - 1548
AP ANELRER A ARBEAER. REME
HERVE,. CHAY AN HBENER. Tong-AFTS R &5
ST EXEMELR.

BENBEHEIZE Tong-AFTS RAME L. CREFE
FAFBREL AEREBRRAENEREW. A ENEH
BUMEHEENRERAAETERG TN HEEERT
HEANAIEREUENHERHARR . RGEERER S
B RAMUWREELE LBEIGXRE P ETENRE.

Fﬂ[; -
mpED ///

\\‘ g

s

rf%ﬁéﬁﬁﬁ | RPERMEE |
ET ;:j EEEFEE |
v

*
Fgﬁﬁﬂfgsl

- ————

| sanmess |

2t & 9 6] ¥4 TongBroker
¥ 1E £ 4 Windows NT

WRAXE > RMEBBE—> RERZEH ——»

M1 Tong-AFTS &R EELER

3.3.2 FHxX BFHAEUEENNEAENTHES
HHBENRE BEFAFANEETE.XHEHEE. 548
EEEERFEREAABEHNAENEE RS . BT, A48
R ER IR =X A4H5 K P-E.RB # DRB,

AT XHFAERESH,  Tong-AFTS RHEBESPLUT=
M BYERE

DFRSERE iCR T AXF AT ER T EANREER.
REYEEREARERTETL. EPHEFVEEE.

DN REBIEE SR T ANBTERERE . RE LR
THHFAFLRFETL EPEHFRIEE.

DAL ERBIEECRAFAANAE AR BRYE.
MAMEEHE,

3.3.3 BHAFANUAMFE RHELRETRBHEPER
GRYITREFEE.CEEARUBIARABRREFTET AN
KRG Hml Wy ETEIER TN, RENEEBIHEAGER
EREARBEES BN ERRNAS ST ESE
A.AXTaAEBPREEFOT ANAR, REKSEHS
AEFEEEE . ETEN Y AREEI . BN EHRE
RERBAEENRETREELSIERETAMBRERSSR,
ZEREREABRENIEES S BT HSHNASEE
M TERSE .

«124 -

D000 http://iwww.cqvip.com|

M. REMHEH =

ETFHRFBHAHIAXAETEERENREL . EF
REPREN N AEN . R T ABRFRITENTHEREB. EE
EMR . AENASTERENATRENER SRR ER
AGENE RETREATEANBE.BET RELF B, 5]
AHENEEXR LREEEEEN T EREDNAENE
. BHRIEH BN R RN T RERX — R ThE
XB AKABTEERAREMRNEABEESIAENE
REMAEHRERL TR AR ANEESH BEteT
REZEANABRGEFBR XNHREFELEN: &IHERS
B RGEEHRI %,

FBI S HAABERNERRANEN S MTEMNE
. MENH KSR RFERNELETHE BT EARTA Y
RocHnFOREN . SEAFBRRE EHRERWS. M
AR NIRRT RUEFOBENRE . R H X
HENEEREREN—TEEFRRTE. BN .0 HXREK
ERGAERE . FESHIESHS AR Y8 ENERNE
—HREREET B EHRIE.

g ETHRAMEERNESE . ABRETFSEEN
EARS RIENARFREOAERSERESYGEMN R
B2 R URHEN R SR ER, TR TR B R
HEBATTRAEE. ANABRMEEESSH. MENA
HEHEER.

FXEBETETFFEAGNEENEENRZRA L, 85
TEMHERER. SN TENXBER FFHAREMET —2&
REHXRAERHLXBEAHIRATE. BRI HHE R
FKEMMXBEARAOEFEZRAR . ETHRFEHHAE
NESEIMMERIHARRTREN T EEN TR, 244
ERTRNTAEARKFEEERNER.

g £ ¥ B

1 Kim K H.Lawrence T. Adaptive Fault-Tolerance in Complex Re-
al-Time Distributed Application. Computer Communication, 1992,
15(4) :243~251

2 Cristian H. Understanding fault-tolerant distributed systems.
Communications of the ACM.1991.34(2) :56~78

3 Lyu M R. Software Fault Tolerance, Wiley, 1995

4 Shokri E, et al. Architecture of ROAFTS/Solaris: A Solaris-
Based Middleware for Real-Time Object-oriented Adaptive Fault
Tolerance Support. In: Proc. COMPSAC’ 98 (22 nd IEEE CS
Software & Applications Conf. ) Vienna, Austria. Aug. 1998. 90~
98

5 Hetch M,et al. A Distributed Fault Tolerant Architecture for Nu-
clear Reactor and Other Critical Process Control of Applications.
In.Proc. IEEE CS 21st Int’ Symp. On Fault-Taulerance Comput-
ing ,Montreal , June1991. 462~ 469

6 Garcia-Molina H. Elections in a distributed computing system.
IEEE Trans. On Computers, Jan. 1982. 48~59

7 Kopetz H,Grunsteidl G,Reisinger J. Fault-Tolerant Membership
Service in a Synchronous Distributed Real-time System. In: Proc.
IFIP WG 10. 4 Int’| Working Conf. on Dependable Computing for
Critical Applications, Santa Barbara, Aug. 1989. 167~174

8 Kim K H,Shokri E H. Minimal-Delay Decentralized Maintenance
of Processor-Group Membership in TDMA-Bus LAN Systems.
In:Proc. IEEE CS 13*Int’1 Conf. on Distributed Computing Sys-



http://www.cqvip.com

tems, Pittsburg, May 1993. 410~419

9 Kopetz H, Grunsteidle G. TTP-A: Time-Triggered Protocol for
Fault Tolerant Real-Time Systems. In:Proc. IEEE CS FTCS-23,
Toulose, France,June 1993. 524~533

10 Kim K ,Subbaraman C. A Supervisor-Based Semi-Centralized Net-
work Survillance Scheme and the Fault Detection Latency Bound.
In:Proc. 16™ Symp. on Reliable Dist. Systems, Oct. 1997. 146~
155

11 Kim K. Group Communication in Real-Time Computing Systems:
Issues and Directions. In:Proc. FTDCS’99 (7th IEEE Workshop
on Future Trends of Distributed Computing Systems), Cape
Town, South Africa, Dec. 1999. 252~258

12 Kim K. Issues Insufficiently Resolved in Century 20 in the Fault-
Tolerance Distributed Computing Field. In: Proc. SRD2000(IEEE
CS 19th Symp. On Reliable Distributed Systems), Nuremberg,
Germany, Oct. 2000. 106 ~115

13 Barcellos Marinho P,Ezhilchelvan Paul D. A End-to-End Reliable
Multicast Protocol Using Polling for Scalability: [ Tech. Rept.
609]. Dept. of Computing Science, Univ. of Newcastle upon
Tyne., 1997

14 Birman K ., Schiper A, Stephenson P. Lightweight Causal and
Atomic Group Multicast. ACM Trans. On Computer Systems.
1991,9(3):272~314

15 Chang ] M,Maxemchunk N. Reliable Broadcast Protocols. ACM
Trans. On Computer Systems,1984,2(3):251~273

16 Christian F, Aghili H , Strong R, Dolev D. Atomic Broadcast:
From simple message diffusion to Byzantine Agreement. In:Proc.
FTCS 15, Ann Arbor, Michigan.1985. 200~206

17 Cheriton D R,Skeen D. Understanding the Limitations of Causally
and Totally Ordered Communication. In: 14" ACM Symposium on
Operating Systems Principles, pp- 44~57

18

19

20

21

22

23

24

25

26

27

28

D000 http://iwww.cqvip.com|

Shokri E,et al. An Approach for Adaptive Fault Tolerance in Ob-
ject-Oriented Open Distributed Systems- International Journal of
Software Engineering and Knowledge Engineering,1998,8(3)
Hurley P ,Dussault J L. The Development and Assessment of An
Adaptive Fault Resistant System (AFRS). In:Proc. of Second In-
ternational Command & Control Research & Technology Sympo-
sium, Warwickshire, UK, Sept. 1996. 256~267

Shokri E, Hecht M. Adaptive Fault-Tolerance for Autonomous
Spacecraft. NASA SBIR Phase 1, Final Report, SoHaR Inc.,
Beverly Hills,CA,June 1996

Gupta, et al. Adaptive Fault Resistant System (AFRS)”, Rome
Laboratory USAF:[Technical Report RL-TR-95-3]

Goldberg J. Adaptive Fault Resistant System”, SRI International :
[Technical Report SRI-CSL-95-02]

Bihari B, Schman K. Dynamic !}daptation of Real-Time Software.
ACM Transactions on Computer Systems,1991,9:143~174

Kim K. Action-level fault tolerance, in Advances in Real-Time
Systems. S. H. Sang ed. , Prentice Hall, 1994. 415~434
Bondavalli A ,Stankovic J,Strigini L. Adaptive Fault Tolerance for
Real-Time Systems,in Responsive Computer Systems: Steps to-
ward Fault-Tolerant Real-Time System. D. S. Fussell and M.
Malek ed. » Kluwer, 1995. 187~208

Sabnis C,Cukier M,Ren J,et al. Proteus: A Flexible Infrastruc-
ture to Implement Adaptive Fault-Tolerance in AquA. In:Proc. of
the 7'® IFIP IWC in DCCA, 1999.137~156

Kalbarczyk Z. et al. Chameleon: a Software infrastructure for
Adaptive Fault Tolerance. IEEE Transactions on Parallel and Dis-
tributed Systems,1999,10(6):560~579

P, KT, AKX ETCORBA WA AR EFKL B ENBHE
R R i+ WHH 5 ,2002,29(3):119~121

(b Fi120m

+ 2% B KRB X 2= 2 B WD T 2K
A0 FAGER .t F2H R 10°, T2 = (21°)¥~10"% =
107, S B A A B[R 1078 = 10" = 10 B iX AH 2 F 3. 17X 10°°
E(—EE365K . —R24/pBP).

5 W#—#itienEE

MU ES¥kE FHRHME. IR TCLGB.OFRIEHN
AYER T —FE Tk NEERE ALAT . TEHER
P Al n A2 S BEVE N B4 3t —25 , b n KX Fr ]
FEVE . ZE TCLG. p) PO KEEM n F1 p X B . ZEAL W
LR TGL G, p) A REA A F T 0 — R Frik.
RFEE . FXREHE.

e A BEEKBEEER.IHET TGLG,. pOF
REIRPEF T —FHBUEE IS 7R i,
HEAZFTEN —FAKTHER TGLG. 8. —4 i
HTIE TGLG, p)FT RIFA A H G T 8 —FBEE %7
BT REHE . X L R TGL(8.8) . EEBH EERH T
HHRF A TEPERT AENONE BB T RFAER.

£ £ x W

Meyer C H, Matyas S M. Cryptograhy: A New Dimension in
Computer Data Security—A Guide for the design and Implementa-
tion of Secure Systems. John Wiley & Sons, Inc,1982

Gabidulin E M, Paramonov A V, Tretjakov. Ideals over a non-
commutative ringand their application in cryptology. In: Lecture
Notes in Computer Science 547, Springer-verlag, 1991. 482~ 489
Gibson ] K. Severely denting the Gabidulin version of the
McEliece public key cryptosystem. Designs. Codes and Cryptog-
raphy. 1995,6:37~45

AT, EHE ETRABRERBOALANE X HHNF
1k .2001,24(6): 650~653

FiaX SEELHEANER. LR ERFR XKL, 1985.5
McCoy N H. ¥ . B F5HEM. 1983.5

HES HEZSSKEMEER. R AR E BRI,
1995.6

FHE, i EEELHAROTARERSHA HENER
4k ,2000(4): 28~33

* 125 -


http://www.cqvip.com

