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Abstract To realize distributed applications like groupware, reliable group (cluster)

communication among multiple entities is required. The cluster is provided by the coop-
eration of underlying multiple system entities using basic communication service which is
provided by the communication network. To provide reliable cluster communication, the
cope with failure of system entities in addition to the lost of data units on communication
network is required. Hence, in this paper we would like to discuss the protocol which provide
a reliable cluster communication service by operational entities in the presence of failure of
system entities.
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—103—



1 (FLHIZ

Fa—79 =7 6] EOICHETR, B0z T 474
BcoBfEBienbEL b, cokdiciE, O8I
u b 2 [18, 26] % TCP/IP[5| SciftdhTwnd—x
Dz vF 474 ECoOBFCMAT, R T4 T4
PoRBIA—TCOBERBEE A D KIRILTHS
ROz T4 T A DbREZA—T2E[20, 21] & F
3. BEEoADD I AL, 2,8,4,7,8,9, 11,
12, 13, 14, 15, 17, 19, 20, 21, 22, 23, 24, 25| CEgR T h
T3, B2FIHT Az v T4 74 BEEFT 7w
b2 F— 2B (PDU) %, ¥ X5 RIEFCRET 3
PRMEEL A S, coTik, BAORTYF 4714 Ts
BaDTyF 4T 4 poREENE PDU 2 REHCRE
T & 3%EIEBRA (OP) 9 — € % (16, 23] #E 4 5,

BEBE 7 = b= 20, 21 Ci, BEERHT =T 1
FARELETE L BERERT T3, Lol 58Y
BHARTEEREZEUHEACE., D23ERMAEELC
b LOTERERICX VAHEEMEETE S, COLo %
ISHETE, BERELTVI v F 4 T BELR LS
Gicd, EEBELTw v 54 7 1 BCEEH AR
BEY— ¥ 2 2ROEUEET 2 8FR8H 3, )

Amoebal9] T BEEORH 2 HIF R, SR ICHE
ENBo TYTATABEELALLE, BfEL T2 T
vF4 T4 ECREERRT 5. HHLAZY T4 T4
7 EhEfEck o cREBERT 5 LT, BcEN
ATE B, CDEE, F—FERERELET S, ISIS[L, 2]
Tl =Y F 474 OBEER. £ P CTREI RS,
cot, HBETvF 4T 4 OHfHIOTC, Yoz T4
74 BBEF A OWCTOEEREDND, TV T4
F4 DEILE, 20TV TF4 T4 EBrDRETICL

EEWL, HIARS FrekcBHcibdc tEALRT:

Vi, ChODEENRE DR B F— FEESEILE
N3, chbicd LT, KRXTR, B2, 2F—<t
AVvREAVACSBLTEL D, AF—~ik, oz v
T4 T AERETT. A v RE vy RE, BABREIhT
PoRTFIECOREBCH 2. BORER £ v
F4 T4 DREOKE Ly ¥ 74 74 OREBEABESD
MMEEHOWTFASTH B LT 5, 2F—<DELA,
TYF4TFA4CDOTE AU BORDDT— &R
EETILERD O, FRLEOMELRD S, KWXT
B F—2EXREEETIC, TV T T4 DEE B

Hek b4 vz vr2pgEkLcd, Bty 7y
74X D REFHHOBETCOPY— ¥ 2 %124t7 3
7u b arkirt. EEEE, SEETH . PDU o
Einl. REEFEBREERE0PF— 2 2HET 2
bDET B,

28Tl AR CAVIEABRORE LTS, 3
¢idy DOP7 u tarconTii<3,

2 EXEE

AFRCTH - EABROERETS.

2.1 H{ENEFFRE (OP) 4—EX

BT 4T A0 FREBRET 2 —EXT 7%
ZE(SAP) 2 EUL T, oz v T4 74 LBEET S
SAP 0 (51, ..., S.)&BWCELF+3(n > 2)% =
V74 54 By St —ExERETE (R = 1,..,
n)o BSTREES N7 PDU 1k, CHD% SAP IcfEY b
h3d, zzT, Bl CeggEhdel, C = (E, ..,
E,) &<

EELFIFATIHCOV— 2%, n70HEEL LT
=FALT 5 23, 24 w7 Lik, PDU OR¥F| <p, ...
Pm]| TH B T, pi % LOSH (top(L))s pm 2 REE
(last(L)) £330 LNT 1 < j Kb, pldp 5T
F2¢T3, BRER. BEwrSL L% EaRLLkRD
(k=1,...,n)%

OP¥—¥ 2 [16, 23] TlZ, CHDE SAP CTREEI i
£ PDU i3, £ SAP CEEHKZEEIN S, RLOBEIR
B 7RL;%. E;»b%fEL % PDU ORFIL ¥ 5, OP
F— ¥R Tl RL;=SL;TH B, EEDI & jKDOn
Ty RL; = RL; X 3R b A v, OP¥F—EXDH%2LITIC
T
[Bl) C = (Ei, Ba, Es) £33, Ei\ By E3¥ERE
v 7 %M LCRT. Bl SLiE. Exdfa, by cDIf
Ic PDU #2%E L BRI ay py 25 by ¢y y DI
KEZELACERRT. MlKFRT LS, OP ¥—¥
2%FAT BB By Eld, §x0xv T4 T4 hb
® PDU %, #kT 5 AL ERHEBPE2RFLTRET
%, O

—104—




E, RL: <apzbcy] SLi: <abc)

E, RLy: <pabzyc] SLy<p]

Es RLyz <apbzcy] SLy: <zy]
1: OP +— ¥ 20Hl

2.2 YRFLEFL

Ky ZF L $B VAT L SO 3@ DR X
1% [®2]. MSAP(NSAP) Sy, ..., S.OERERMW\RC Y
T3, Clds YRFLBDZYT 47 4B, ..., Bl
£xS, ..., S,EBELT. OP¥—v¥zx%#MT 3,
&Eix. WH= v 74 74 Ak, ¥ &7 & SAP(SSAP)
Di%BLT, H2@BEV - xERYEF2(6 =1, ..,

Tb)o

OP cluster C

L]
2: 2T LPEE

v R 5 LBEDE, Dy, ..., D EICHET 3. &D:l3
YRFLTVF4TABEKEVREERN D, DCiE, X
F—2 LRI VRLD2ODOWHED B, DDRF—
<N TV F AT 4 ORRERL D = (B, ..., En)
EEL, chkxL T, DA v R4 v R, BB
INRETH B, EDfEIL & 3. Epi—ERRELLE,
BWEL AR ABC L TH Do FIkmhbBEh LR35 T
CREDEIRE T, CCTE, TV F4TADEFY
FVREE[10] 2EL A Vve TDLE, ERELFORE
ZEOBERELTVhaREE £ %, AbEELT
whnEE, BBk T3, DAL LIDDRF—<IC
DVTHIo TS L &, BMEIL L T35, REDORES
state( E;) & EL o state( E;)e{ BhWerh (4), FEiLF ()} ¢
Hbo DDA v 22 v ZIREER state(D) & L. Biferpo
225 454 O (Bars - o, Bap))(C D) 1€ X VT

D BEEEES Y — € = [13, 14, 17, 20, 21, 22]T
B DBEHEILTLEDEKRT, b, f v 2E v R

EHEL Tk, TRABREEUY AT L4THR, 5
EXESHELCIBRYOREERC XY, BRI L
N3, C0kdASEBICHEERT 3 b B
BEELTh, thoBWEP T v 7 14 7 4 HICREEERE Y —
EREPRELET 2 BERD B CD X5 AL EHNA
VARG RBET . HIb, BINA v 22 v XEETH,
ZE—<REILLAVE, A v AZ vy 23T D, D
BIVFATABEIELBEIC, B v R X v 2HBH
W HRE(20, 21) BB L T2, —5, Fikkkz T4
FABBICIIA. BT 2 ek b, RF—<pZEL
TR HNRF—<FL T 5, KTk, OPH—¥
Z2EREHT BN v 2 2 v 2RO WTEL B,
BEDDA v A F v AR LIS cdwc, Beh Tl
Thidhbhnwzvy74574% DCWEET %, 0
. DNC—EHB Loz v 7 1 7 4 BEWEF T 2 BE
BHLEEVD B, . ABAT YT 4T 41 OFT—
DOTHEWEL TR L E R, RBLETONRIESD
HDo KRLTH, A vRE VAR CTEERE S B
&y HUORHEI Y F 4 74 BRODEIDET S,

2.3 EOELOP(DOP) #—E R

DOP#D = (Ey, ..., E,) <@, Biferbozv 7 4 7 4
kY, OPy—E xpniiftx nzd, H2EAFEILLT
b, BYOEWE Tz v F 474K D OPY—ERPHR
#Hxhd, FErLATHERTHZ2 T 174 DR
% E;0 state(D) DEEF L L., state(D); L ELo Eih
bande, E;0MRBE% state(E;); L E<o

BVER DEY, D;COPYy— ¥R %Rt T3, o
%, D% DOPEte L. #{E 3 OP¥—¥ 2% DOP¥—
EXET 5, '

3 EWIEEOP(DOP) Fmbai
THOOPY—¥ 2% FIHL T, DOP¥— ¥ 2 &2 ##{
T357uwtargoncitts,

3.1 I F4TF4RE

BLY T 4T 4 Eih b B B;000KHE state( Ej); D\
TER Do ENE;»b—ENE PDU 2RELAVE R,
EREDELERRTIL T2, coL ¥, state(E;);
PEILESED (AS) & L. Bofbkfhoxy 7 474

—105—



WWBHIT %o state(E;); = ADE ¥, EBFMOE X

b, E;0EIL @R R 25855 5, Ed. E;0fElE

WRHEZTTH, BB L L BEEEL Ao EE;D

fEIE% BEE T 2 D1y Ep3E;i b —5EHE PDU 23/@ 5

BB TH B, CORNE state( E;); % 1EILEHH (4A4S)

LT3, Bbdb, EBEDFILCOWTERT 57D

DEBRLLTTH %,

(1) BB E;ofE k% 58#5 5,

(2) 28R vy 7 4 7 4 2 b B;0ILEREME 3
[EER-T

E;: E;0%IB@%. E; :E;0ff1LEm
3: state(E;); DEE

Wi, BHHFIEL T B 8IHT 285254 %0
HIH L2 E;id ROV PDU %1653 5. E;0%IBR. E;h

DROVEZET B LicXVbhd, Eb EpnbRCVE

ZfELL &, E; RE,0BIBEFRT DL T2, E,0H
HEBE % 2BWEP v 74 74 KBEET 50 T &,

state(E;); #BIREEH (SA) & 5, Fik e, b
DEYF 4T 4 b, E;0BEENEZTTH, ERE;»

p.STATE =

(1) E:t. E;,0fA%8887 5.
(2) E;x &8Weh= v 7 4 7 4 2 b E;0HIAERER
2 %fET 3,

BEDP OB TREWVERT v 714 74 DEERA(e D)
& F B0 Siv ASiy AASRBx, Eih b HIcfFILF, 5
WEEP, FILEB#Poz v 71 T4 BE LT3, SAin
SSA%k B~ Eidnb i HIHEESR. HIAR#FO
FTATAEEGET B, TTT, AS; N AAS: = ¢ . SA; N
SSA; = ¢ TH B, AA; = A; U AAS; U SA;ld. E; 8
VB L TR Ty T 4 74 DBETH B, —H 5S;: =
S:U AS; U SSA; 3. EBEIRERSLCwBd vy F 474
DEATH D,

HEH%EET 2 PDU pik. IFOHEHBE» bR
%o

p.SRC = #ETDOT Y74 7 4 (E)o

p.SEQ = PDU © v —4 v 2 %%,

P ACK; = E;SE;ph bRCZETFEDO PDU DL —%

YRER(G=1,...,n)

p.STATE = state(D); %7RTE v b=v 7,

p.TRANS = REOE(\LERTEY b=y 7,

2T, Ey b=y 7BexfLT, Bl ZiEHO Y ¥
FERT. CTT, By bwy 7O, L 2, HihH
REFN, BEERx & | -y B ~ICEYVFT, &
Eit. state(D); #7573 ¥y b=y 7STATE &, RAEEE
BEFRTEy b=y 7TRANS, {DE; bR CEET
EDPDU DL~ v 2BBREQ; (7 = 1, ..., n) ¥
Do STATEW., En8Weh e BEL T 7 174
DEGAA; %#RT. Hb, E; € AA, oL %, STATE [j]
=0T, 25 TR\t %, STATE[j]=1CT»%, TRANS
3 ESEIEXBEIRGEROT v 71 7 1 BEAS; U
SAi% o Hib. E; € AS; U SA;x&iE. TRANS [j]
=1, Z5ThhiE, TRANS[j] = 0TH 5. Eiit,
STATE. p.TARNS := TRANS! L 7%
PDU p% ks 2, chick b, Efhoxz v 74 74
i state(D); % #HEIT %,

P VT4 TABERELTIEEEEXL . —

HWHLALBREH LAV, cDL &, state(E;); %\ & EBEILLETY7 1740 DACFEIAT I dA .
|B&2#h (SSA) ¢33, ERLIFRR Y2 L %, E;0  Hlb, Zv 7474 OBIEGERTEEILINE I v C

BHCEE L& T 5,

D, @30REOHT, A, AS. AAS. So»%E

—106—



%30

BT, kx5 4 7 4 #BHL. BfePoxy 74
FAECELVWEREE2TA I OOTHRELTRT. &
FHX, B ox v 74 74 OF - AEEREEET
CEWET% 5, T TC. broadcast(p) (X PDU p% . #fE
Wy — e 2EFALCBEET 2T L ETFT .

B AEFEE] (1) Bt EnofFieRINL L ¥, ST

-ATE[h] = TRANSI[h] = 1. state(En); :=

AS:+ %o ke s.ACK; = REQ,(j = 1, ...,

n). s.STATE := STATE. s.TRANS := TRANS 7

% STOP PDU s%2X %, broadcast(s);

sEZELLKE; k. (s.STATE & s.TRANS)[R]

1A 3EwestL T, STATE = 0, TRANS =
0(state(Br); = A) b, state(Er)j := AAS. ¥
Fos EA LTV VX WE;REDEILEFE L L
%, STATE[h] := TRANS [h] := 1(state(Ey); :=
AS)o 5a.STATE := STATE. sa.ACK; := REQ;
G =1 .., n)n3STOP.ACK sa%k>< %,
broadcasi(sa);

(3) BE:ix BWEhDRE;(€ A) »bSTOP_ACK sa%
FELAL %, sa DSTATE., TRANS. REQ#. E;
ERA—2TARB, BoTwnhiE, (2) %75, A—T
BhiE, BfEhoRT v 7 4 74 BEDEILE R
LTwdCeibind, cOLE, state(D) LD
TEBERL bR IR Y, state(E,); = S &

T b Ehes FIEFOBREDLZEMFBLAZPDUDS
5, p.SEQ > REQ,% % PDU p%k v »biHET
%o

(4) BE:k STATE [h] = 1 23 Epic D T OREZIBIML

|EfibAav. O

)

[BLAEFGEEOG| M4, D= (E, E;\ Es. By) O
FILEETRE OFETRT o

(1) EsdMfEIb L e & 3 %0 Esp b PDU % —@ERifEIZE
LAwZ LT, Bid. EDFEILERHET 2. Eild.
STATE [3] := TRANS[3] := 1(state(E;); =
AS) &t L. s.STATE := STATE. s.TRANS :=
TRANS % %STOP PDU s% k7 %0
ExhbDskZELBEPORE( = 1,2,4)
{3, (s.STATE & s.TRANS)3] = 1<% 3EsC
LT state(Ea)e = AASE L, EaltDnTDX
A LTV P REFD. BB, HADFA LTV HIC

2

B E, E, E,
STATE=0000 STATE=0000
STATE=0000 | STATE=0000

WAL LTT b =i
stpte(E3), = AS

=0100, s. TRANS=0100

o
( s%t)alte(E

(3)st
TREfE

4 FIEEETRE O

X D E;niEIE 2 SRR U B, state(Bs), = AS. Hl
b & E, Ty STATE := 0100, TRANS := 0100
L+ 5%, sa.STATE := STATE. sa.TRANS :=
TRANS#% 2STOP _ACK sa% 3.7 %0

(3) Et. AHORT Y7474 bsakFRE L L
&, 2Bz v 5 4 74 BR—DSTATE%R > T
LRbhd, COLE, state(D) CONWTOERED
Lok itk b, BREE, state(Ez) =S & F
%o TRANS[3] := 0, 2T\ BEE Eshr b
ZL2PDUpD 55, p.DSEQ > REQ ;5 5ETD
p ¥ZEe WL bEET S, O

3.3 HELE

KEiTR TV 74 74 BWIELTIHEEEL
3, Hib, v 547458, RCEHLAL & &,
BDOBRIK DO WTORERED V. BUEDNTEERT
S5BENRD B, HoTs TVF A4 T4 DEFLEEEDTI,
oy 7474 BEET S L. HEAEFC, B
Ve v 74 74 BBIET2EEL2ELNEARDR
Vo BITIC, DROB B 7 4 7 4 B3FIE L, HciElH
Lt ¥, ARDLx v 747 4[lCA v 22 v 22k
L TEET 20D FRERRT,

E5EIE LT 5. BRETOFIEC LY E;0fEIE

—107—



CAET %0
(Bt EEFHEE]
(1) state(E;); = Ap 2 %,

(a) #4677V Fick b, E;ofEi %58
STATE [j] := TRANS [j] == 1;
state( E;); := AS;
A; = A; — {E;}; AS;:=AS;U {E;};
s.STATE := STATE;
s.TRANS := TRANS;

(b) E;mfEiki®mo 2(E:
state( E;); ;= AAS;
A=A — {E};
AAS; = AAS; U{E;};

(2) state(E;); = AAS—T, EiLonTos L 6T 7 b

STATE [j] := TRANS [5] = 1;
state( Ej); 1= AS;

AS; == AS; U {E,};

AAS; = AAS; - {E;};
5a.STATE = STATE;
sa.TRANS := TRANS;

(3) state(E;); = ASo % ANDOREDwT,
state( E;); = state(E;); © & ¥, E;0fELiconT
DERT 5:

TRANS [7] := 0; state(E;); = S;
S.' = S; U {E]'}; AS, = AS, — {Ej};D

KICE; BRIk bBHIAL 2 2+ 3, ERETFTOFIEC
EY E,0RACEES 20

[(BR&EEFHX]
(1) state(E;); = Sp & %,

(a) Eit3, E;>bRCV %33 (E;0HHIA):
STATE [5] := 0; TRANS [j] :=1;
state( E;); = S4;
S = 8 — {E;}; SA
ra.STATE := STATE;
ra.TRANS := TRANS,

= SA,‘ U {EJ'};

(b) Ez3, E;0#lREmo%E:
state( E;); :== SSA;
Si= 85 — {E}
SSA‘ = SSA, U {EJ‘};
(2) state(E;); = SSAT. E;»bRCV DZAE:
STATE [j] := 0; TRANS [j] := 1;
state( E;); 1= S4;
SA“ = SA, U {E]'}; SSA, = SSA,L el {E]*};

state(E,—),- = SAT, A,’V‘]@%E}J’CO T, state(Ej)k
= state( E;); R b, E;0HACO>WCEET 3:

—
w
~

TRANS [j) := 0; state(E;); := 4;
A= AU {E;}; SA;:= S4; — {E;};0

[B) X 51, D = (E1, Ea, E3, E) OWSHHEILSETFS:
EORERT. RUDIKC, Ep3fEIELTH Y, DRNTE
HEhTw5B 232, HIb state(Es)y = STH 2, Eubs
HIAT 2 L3230 Bk E,nfEIL A5 EsnHHE%
%\ Edi. EB:OWHEAEPCEOELENESET 2,
CDEE, B Ey 23, Bk EsREB(LIC DT AT
FTEECOFHmEDOHFE LTRSS

E1 E, N
STATE=0100 STATE=0100

STATE=0100
&’glt &I

1) 24TV state( E3)3 = SA
AS

state( B4
D= 54
(2)ign jés
.= AS
(4)state(
FREfH]

5: MOFILERTHEE Of

(1) Ex3FIE L EspMEIA LA 233, Tt &, Bt
STATE := 1011, TRANS := 0100, HI% state( E3)3

—108—



= SAX L. ROV r %#i5%F 5. Est. RCV%% HBENE

{8L~ STATE := 0000, TRANS = 0100, HI®,
state(Es)s = SAk L7cts, RCV_ACK ra % ff2k 8
T30 ¥y Bildy 2457V VCEDEOEILER
B L, STATE := 0110, TRANS := 0010, HI%
state(Ep); := AS & LT, STOP s k3% 3 %0 [2
(2) Estts Byt DSTOPRZAE LAk b X, — ekl
i (wast) Uicth. RCVEB#ET 5. Eld. EIbE
BRI E L By b%fE L RCV2RCV_ACKD %
NENEEET 5. Edd. B:0BFEEGERCE 2D
BELASTOPIC L hy ROVEBER L. state(By)s
:= AAS, STATE := 0100, TRANS := 0000, HI%
state(E3)y := S& 3 %0
(3) Ealk ExDZ A BTV b i fiokcth, state(E,)y = 4
AS ¥t L. STOP_ACK % {3%F %0 Eaiks By »b
DSTOPRZFELTCwATHIE, E1 & EhbDRCYV
ACK%FFOC ETEALT I v T 5%, CDLE, By
X, (2) & FEc—EREFR L etk RCVE %
R 5
(4) Bk Eqlts %4 DSTOP_ACK%S24 3 2T\ E,
DEFIECDNWTENREELT WS L bhY, (6]
ZNERSTATE := 0110, TRANS := 0000, HI%
(state(E3); = state(E3)s) := S& 35,
(5) to#, EXRCVEERGEL. EBoflAc>we 7
DEENREDbND, CTTER, Ey2ERdbZEL
7 PDU pD 5 b, HHAESZ TN B LATICEEL
FepZiEw SN bEFET S, O

4 FE®H 8

KX Tl Bx, BOBRERT Ay —~< &, R
ERTA VARV RECHBEL o BNOZ VT4 74
BEILLERT2EER2DBHNA v 22 v 2ftex 9
LT, Bfehofx v 74 74 BCOPY— ¥ 2 % i
FTB3DOP7u rarn%ilie TV F474 R
LT, 2F—<OFREILTLEISELHFILE, 2
F-<ERBLC VB EMOEIEE 2 E L. MOFILL
Tex v 7 4 7 4 BEA LB H L. BDACEELHR
T E0Db, KRLTR, BEBILFEECHT 5 &
ILEEFRE &, BOFILEECTT 3 EILSETR X
LHADEEFRGEE R R Lo Thbik. BWETOT Y
FA T4 OF - FEERFILETCETTE 2 HERS (1]
FhixTh s,

10

—109—

Birman, K. and Joseph, J., "Reliable Communica-
tion in the Presence of Failure,” ACM Trans. on
Computer Systems, Vol.9, No.1, 1987, pp.47-76.

Birman, K., Schiper, A., and Stephenson, P.,
”Lightweight Causal and Atomic Group Multicast,”
ACM Trans. on Computer Systems, Vol5, No.3,
1991, pp.272-314.

Chang, J. M. and Maxemchuk, N. F., "Reliable
Broadcast Protocols,” ACM Trans. on Computer
Systems, Vol.2, No.3, 1984, pp.251-273.

Chanson, S., Neufeld, G., and Liang, L., ”A Bibli-
ography on Multicast and Group Communications”,
ACM SIGOPS Operating Systems Review, Vol.23,
No.4, Oct. 1989.

Defense Communications Agency, "DDN Protocol

Handbook,” NIC 50004-50005, Vol.1 - 3, 1985.

Ellis, C. A., Gibbs, S. J., and Rein, G. L., ”Group-
ware,” Comm. of ACM, No.1, 1991, pp.38-58.

Garcia-Molina, H. and Kogan, B., ”An Imple-
mentation of Reliable Broadcast Using an Unreli-
able Multicast Facility,” Proc. of the IEEE Symp.
on Reliable Distributed Systems, 1988, pp.428-437.

Garcia-Molina, H. and Spauster, A., ?Message Or-
dering in a Multicast Environment,” Proc. of the
IEEE ICDCS-9, 1989, pp.354-361.

Kaashoek, M. F., Tanenbaum, A. S., Hummel, S. F.,
and Bal, H. E., ”An Efficient Reliable Broadcast
Protocol,” ACM Operating Systems Review, Vol.23,
No.4, 1989, pp.5-19.

Lamport, R., Shostak, R., and Pease, M.,
"The Byzantine Generals Problem,” ACM Trans.
on Programming Language and Systems, Vol.4,
No.3, 1982, pp.382-401.

Luan, S. W. and Gligor, V. D., ”A Fault-Tolerant
Protocol for Atomic Broadcast,” IEEE Trans.



on Parallel and Distributed Systems, Vol.1, No.3,
1990, pp.271-285.

[12

Melliar-Smith, P. M., Moser, L. E., and Agrawala, [23
V., "Broadcast Protocols for Distributed Systems,”
IEEE Trans. on Parallel and Distributed Systems,
Vol.1, No.1, 1990, pp.17-25.

[24

[13] Nakamura, A. and Takizawa, M., ” Reliable Broad-
cast Protocol for Selectively Ordering PDUs,”
Proc. of the IEEE ICDCS-11, 1991, pp.239-246.

[14] Nakamura, A. and Takizawa, M., "Design of Reli- [25]
able Broadcast Communication Protocol for Selec-
tively Partially Ordered PDUs,” Proc. of the IEEE

COMPSACY1, 1991, pp.673-679. :
26]

[15] Nakamura, A. and Takizawa, M., ”Priority-Based

Totally Ordering and Semi-Totally Ordering Proto-
cols,” Proc. of the IEEE ICDCS-12, 1992, pp.178-
185.

[16] it BA, R 3 ZF v ALY 2T L LOEE
IEFFRFEBEBEIS 7 v b =, EHILEE AR EE,
Vol.34, No.1, pp.135-143 (1993).

[17] B A, BR 3 £F v 21> 27 4 LOBRY
BUEGBE7 v b ard 7F— XEXTEE, SELE
TPLFRSCRE, Vol.33, No.2, pp.223-233 (1993).

[18] ISO ”Data Processing —~ Open Systems Interconnec-
tion — Basic Reference Model,” ISO 7/98, 1987.

[19] Schneider, F. B., Gries, D., and Schlichting, R. D.,
”Fault-Tolerant Broadcasts,” Science of Computer

Programming, Vol.4, pp.1-15, 1984.

[20] Takizawa, M., ”Cluster Control Protocol for Highly

Reliable Broadcast Communication,” Proc. of the
IFIP Conf. on Distributed Processing, 1987, pp.431-
445.

[21] Takizawa, M., "Design of Highly Reliable Broad-
cast Communication Protocol,” Proc. of the IEEE
COMPSAC87, 1987, pp.731-740.

[22] Takizawa, M. and Nakamura, A., ” Totally Ordering
Broadcast (TO) Protocol on the Ethernet,” Proc. of

—110—

the IEEE Pacific RIM Conf. on Communications,
Computers and Signal Processing, 1989, pp.16-21.

Takizawa, M. and Nakamura, A., ”Partially Order-
ing Broadcast (PO) Protocol,” Proc. of the IEEE
INFOCOM90, 1990, pp.357-364.

Takizawa, M. and Nakamura, A., ”Reliable Broad- -
cast Communication,” Proc. of IPSJ Int’l Conf. on
Information Technology (InfoJapan), 1990, pp.325-
332.

TR 3, PH A 1 F v 242 27 4 LOLIEFEK
RKREE7e barCsT b F—REEFEY, 159
W2 QFSRE, Vol.31, No.4, pp.609-616 (1990).

Tanenbaum, A., ”Computer Networks,” Prentice-Hall

Int’l, Inc., 1987.




