[AFAF 4 TREEIBLE] 7—-27Yav7 FHEFEIA

B RATFLIZETRT7FH—AF LS ADHDI N—TEE

i gt ROARFY PR ¢
NTT v 7 v ¥ = 7 OF9eEq NTT B hmAE

Bt
DL AFLOMRA T Oz 7 VBN T ut2hbhE v I A—FCRBTICLCEkS
Ty Y AF AOTHHMEL DD C X CE D, ARCR, $—~2 24T v +eFARHMIRT
L% L LCRREX WA ordered multicast protocol DFHANEECH 34— L F 272Dy
RFLENBELAZ =2 F LIV ARBOADOIA—FFEBT A=Y XL BRT 5. #
RT7ATV XLk, ToeX 72— FHEEEE S o e XPORBF—X DL v t— SHTRHR
L. 7ot AGEHERE 7ot XA —TICBBT I L L2 TH -~y FEHBRLTW 3,

1 @L®HIc

Sy 2FaTR, QRO T oy 3 EREEESF v b7~ CERE W, SOOI T V=0 bL s~
SERIC Y > THEBLCRAIEETR S5, DL 2 F L, COSHEEIC X > TP Y 27 Al THENICX
b, BEEOHIDICRD, A7V FEENLTRARI Y rey Yy IcEEBITIC LR, DRCRT
LCBHBETr—A L FL I Y ARRO DO EFEROPEOTH S,

—4, B R FLeHHEBE y T — 27 L o KRS MY X7 &, DiEEEY R 7 4, BREEHEBR
(DK AL, BRVERTIR (CSCW) 2 ¥, TEOEBEANML AT LDEL . BROZT TV =7 OB
. ENOLOBIFESBEHEL T3, EDAD, A7 V=2 FOMFRE ERBEBHRKERB LAY —»724 T}
70 RPCEFACTRAL, A7 F=2 P RHEETH/CA v - S TRTEA- Y FEFADHS RT
& (ST A F L) ELTHPICEFAETE B [8]e ARITHL, ~S— b FEFAHH L X7 A CHATHER
BT EAne7 +—2 b LTy AERFERRET 3,
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Delta-4[7] It #H 3 active replication DB+ ISIS[3] Auragen[4] IC 321} 3 passive replication DB ICHW
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1: The Three Layers of Processes
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rOBRENDIRy VT -2 R EET D, BEF+ALATAy e —VBRRTICLEDIHE, fvt—
PHPL Ry e~ PHBAOBEIRAIEC RN ERET 50

2.2 ot @BELA THEE

ZA—7@iEv 4 vyoTFikcii@3 3 7 v+ 2B L 4 + R, point-to-point & 7 & X[l A » +— JiEHEF
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3.1 BR&MH

R b FEFABMY X F LB WT active replication ICX 3 7+ —A + LT vy 2RKRET 3 HICH,
Fl—7at27A—~7ICRT 220K 7 0t ABFE—REFB 2T, B0 vt 20PMRER T =
TR IA-TRCBBEIN, Yo lAr—-THo 2y t— VEBIC—RERRANTVETNER bRV, 7
A—TEL A Y CRAET 3RRT AT Y X418, LTo&#EL#cTC L HxBRENS,
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vv A YicEftt 5.
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¢Ack’, ‘Complete’: MID 2&tr.
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S-queue,: primary process 2 bER L 7@ A4 = v F ZFTH A iT% (‘Complete’) & 7w -& XEHHHK (‘Re-
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7‘\:8)0) FIFO } v 't'—“/""‘":&—o M;Wfﬁfi eo

R-queue,: 7wt 7A—-7HEEBA v =S¥ F—HFCT 7V —va v [ Y ICBfT 3 ADIC pri-
mary process 5 OB L AR A v £ — ¥ (‘Forward’) 2[HFH D 2 ADDOFIFO A v —FFa—, §]
W0 THVr—2a YL AXYOREBARY Y CR, CDFa—hbiye—YED T,

P-buffer,: primary process D#EEIC X 3 RGREFERBLAERT 2 cdiC, RBLASA—THEBA Y -
¥ (‘Multicast’) #{R#T32HD 2 vy — Yoty 7 7, TR 0o

View,(G;) ¥Gi: 7uex#A—7 G; BT 38US 0+ XD ID DY X & G; DI A—7F ¥ 2 e EFFU,
TRERXpDFDO G DI NM—TEa—% Viewy(G;) TET. T4\ G DBIEOERA S/ A—TEa—
% Trueview(G;) TH L. View,(G:) D¥WIE LT 3. p € Ci R Gi K X2~ 7B A » v — V%R
F3HBA. Views(Gi) (€ ID HRENBRT wt ICEET 3o £/ p 17 7+ 2 ID 3 View,(G:) ©
S Bic D 3 A K primary process & LT, ThENDEE 1 backup process & LTHBiVET 3,

ML(G:;) VGi: p € Gi B bH G; b oBBEhA /A —TFEBAY t—CHE, € G hbHEG; 20328
LAy t—YDRRY =TV RFv2 Ok, TEhEhBT Ao -V -2, BIHIMARE 0o

7utZpe G, ‘Multicast’ 2 v =& ‘Ack’ £ v &~ JIC View,(G) ¥ fF5 L CEEBF 3, to Aty
- VERBLATo g € G R RFEL TV View(G) ¥ £ v t— VIS & i View, (G) KEHT
B3LERE-T. BB we X721 —7 G OWMREECET 2 %185.

8.3 JA—THETFALTYRXRA
SITCRRAERRU L FAcT 72— THEEERTIHICR. TS o ARNBBL < FEBELTYUTF
D X5 ICVEThiE X v,
BEA A2 FRITOIEETHI:  backup process H primary process ICEFTFLTEBL <> P 2HFLEV,
primary process 05| X RENBEER)E: MBI L & primary process 2SRHICTEFT L BB <~ F TR,
- BN T @+ 258 backup process & LCBVET 30

FELTTHMEIC & > <, primary process 253 338184 < v F OFEFFATICHEE L, SEGLTS12E backup process
DI r—THBYVA ¥ ICE S B A THt. 2 backup process XX DREBA XY FEHEFTLT WL &3
RAETE 5o LA oT backup process ¥ w—asiy 2 43T L kL (F=v 2 K4 v BEFRE) 2 DO%E
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2: Overview of the Algorithm

ARV IO Ry t— VRBUBOREIBOIOND, TTIr—a v 4 vhbDEEL <Y VRTFTERY
MG 2T7AaY) XATH, BESv X ZAL—7 D primary process 7B 27 A—THGHEBA v -
{‘Multicast’) B L. @7 9 € X ¥ A+ — 75 b acknowledgement 2B L ARET, Tet 27 r—7H
BB A v — UREBESITH B C L EAMT D A v £— Y (‘Complete’) % backup process Ki{B3 5. Th
#3{8F 5 ¥ T backup process 23 Z DEFA <X FCHBRL., LIROA <y FEXRTLAEWI LICX >THE
T RERT % 3, X bIC backup process B DFHA v t— I L s THEFT B4RV DAy v — Tk
BHERECH 3 LHETL., IRCEBUEFICCOREI RV P ERT T 3 L0, BEEECK 3HE~ v Vi
OHBREBI B LBTES,

B %KY BYEHEIC X o T, primary process BB L ABEATUEBEAD T X A —~FHiEE A »
- CEREBBBET I LICXBF =N~y FEBT BT LHTE B, backup process H primary process 2»
LFBLAT o2 A~ 7R A v v — UR{BE 3% (‘Complete’) & 7 v X FECMRIEHE (‘Fail’) %/
— Ay t—I% 2~ (S-queue) EAWTIHFfFH 30 CHICX >T primary process D5 | E#EF 2 4 3 v 7128
EaERARY PETHEESR, 70 2EREA <Y T ORTLEM 7 v+ 2 OHRE L ORRBFEIEL
HHET T EHNTE S,

etz S r—FHEEB A v t— VOBKRE. 712X P~ TR]D acknowledgement protocol IC X - THf
¥ 3, HE{BT 0 X S~ 7D primary process K, ZfB7' 2R Y1 —FHhb acknowledgement(‘Ack’) ¥
RBFBECTA v £— ¥ (‘Multicast’) #RVELEBT 5. ChoD Ay t—F¥ 7w X IDBFERLT v+ X
IA—TDIA—TEa—EFENIR2BW S0 ACEBT 5 L L >Ty RIEFA E 2 —ICHT CGEAEH
AREIC kR B. ¥, MYVELAMBEShB A vy v —YiICA—-2A v - YD 2ftGF2CLTCT /) r—-vavL
A ¥ ~OEBMGERT DT LB TE B,

REFe R IA—TCRTILTOEFLER T v BT ok X 2 — FRHHE £ v v — V2 E-RFC
TV r—varvifYREMT 3 abic, ZBEFFE primary process 2535 L T backup process ICHl&IT
%, primary process REBLA T vt X 74— TREE A » £ — & (‘Multicast’) ¥ X BICAy t—TFF a—
(R-quene) ILCBRLTCT 7V r—va v A X ~EffuREL T3 L L bIL, TDARy—I% backup process
K§E%T 3 (‘Forward’)o backup process BZfFL AT vt X VA — 7B A v € — ¥ (‘Multicast’) % £ v
«— Py 77 (P-buffer) K —HiAYICIRFF L, WIST 38X A v £ — U % primary process 2 o308 L A RiA
TCHRERMDPBL. 77V r—va v LA ¥~ERTIRECT 30 7u X 7A—7HEEA» t—YRT Iy
JIEEREINB L LBERBEINT WS DT, primary process 23EE L A48 b backup process 2El—DHzg
Aoe—CERAEZToeALLRBTIC LB XBHEFO-BHIREI NS, Tkhk. 70X T2~
B A » £ — ¥ % backup process Ay £t —FNy 7 7 ICRFTIRBC X 5T, A v+ — JEEEAIC pri-
mary process B L WA T L. COA vt~ CEERET I LB A W,

RET R IA—T G, DbEBICCRIA—T G, ~T TV r—vaviyte—I M EGEETIHS.
EROBAEERHIE T 3 74— FfifBT AT ) XLBKRD4 207 x—XCRIREN S (2).

Multicast 7 = —X: primary process p, € G, 3 M ¥ & ‘Multicast’ A vy t— Y% G, K%{BT 3, G,
b Ak’ Ayt —CERBETFICAL LTV} LABSEERET 3,



Forward 7 = —X: primary process p, € G, HE{BL % ‘Multicast’ A » €— % R-queue ICBFHL. M
%&U ‘Forward’ 2 » €— Y% backup process IL{83 %, backup process 138 L % ‘Forward’ A v
€ — Y% R-queue ICB}T 5,

Acknowledge 7 x—Z: p, 28 ‘Ack’ A v+ — % G, IKHBT 3.

Complete 7 x—X: p, it ‘Ack’ A v €— Y %583 5 & backup process IC ‘Complete’ A v v— Sk EET
%o backup process X342 L  ‘Complete’ £ » t— % S-queue ICB8 T35, HETIEBI RV T
tX ‘Complete’ A » £ — Y% S-queue HHLE Y HIF T L IC X 5T ‘Multicast’ A » & — CHEBEITH S
CERBEREL. ‘Multicast’ A » t—YREPELFICCOL RV FOABEERT T 5,

T7V5—va v vhbEREBARY tOABPERINWABESC /A —-THBLA Y OETFEINELX
7%B3ICTFET. ¥k, To R ZA—FREBYERTIAHKEEINIHMEA v v~V o XFHL
A XL IhEBeEETENE 2 X7 2 41CRT,

Send Event
if p, is the primary process then
{Multicast Phase:)}
increment MI,, (G,).
repeat sending ‘Multicast’ messages, MN(Multicast):=MI,, (G,), with application message M to the pro-
cesses in Viewp, (G) at intervals of timeout threshold till receiving ‘Ack’ message, MN(Ack)=MI,, (G,).
{ Complete Phase:)
send ‘Complete’ messages, MID(Complete):=MID(Ack), to the backup processes in G,.
else
if S-queue,, = @ then suspend the task till a message is enqueued.
dequeue a message from S-quenep,.
if the message is a ‘Fail' message then
execute the task ‘Renewing View by Failure’ and ‘Send Event' from the beginning.
else if the message is a ‘Recover’ message then
execute the task ‘Renewing View by Recovery' and ‘Send Event' from the beginning,.
fi
fi
Receive Event
if R-queuep, = @ then suspend the task till a message is enqueuned.
dequeue a message from R-queue, and deliver it to its application.

3: The Algorithms for Event Execution.

Reception (Multicast)
il pr 1s the primary process then
{ Forward Phase:}
if MN(Multicast)>Ml,, (G,) then
enqueue the message to R-quenep, and set MI, (G,):=MN(Multicast).
send ‘Forward' messages, MID(Forward):=MID(Multicast), with the application message in the ‘Multi-
cast' message to the backup processes in G..
fi
{Acknowledge Phase:}
send ‘Ack’ messages, MID(Ack):=MID(Multicast), to the processes in View,, (G,).
else :
if MN(Multicast)>MI,, (G,) then append the message to P-bufferp,, and set MI, (G,):=MN(Multicast).
fl

Reception (Forward)

enqueue the message to R-queuep, and set MIp, (G,):=max(Ml,, (G,),MN(Forward)).

delete the ‘Multicast’ message received from G, and MN(Multicast)<XMN(Forward) from P-bufferp,.
Reception (Ack)

if MN(Ack)>MI,, (G,) then append the message to P-buffer,, and set MI,, (G,):=MN(Ack).
Reception (Complete)

enqueue the message to S-queuep, and set Ml,, (G, ):=max(MI,, (G,),MN(Complete)).

remove the ‘Ack’ messages, MN(Ack)<MN(Complete), from P-buffer,, .

4: The Algorithms for Reception of Messages



3.4 SIL—TIBREBTALITYX L

FotZRZA—F ORI 38R I+ T Ea - LT v R0 LIRS N S,

Z7oeRE ‘I'malive’ 2y ¥—YDEA LTV Lo TR—T 0 XA —THD T v AL RINT
2 eNTE, Fal Avt—YiCLoTT o XfiBLA v b7 r—7HEL A YICENT 2. 7ot
L REBARY VRTFOERMBELEL ok Hictt, CofFic X > TN IHEEHE DL+~
TEa—CRBE4B3DTCHRA{, primary process b RBLAT vt XA —7HlEB A v £— Y OEKE
¥ 2585 (‘Complete’) L Fl—D £ v £— ¥ ¥ a— (S-queve) ¥ AWTHFFHTRLE X v, ThiCXoT, 7w
w2 A—TEEB A v t— VEBOBRB L RELEART 5 ¢ BTE D, Tot2FBLA¥2b Fail' 2 v
- IRt I N T e XpeE GO A~ T ERB VA Y REUTOLEETAR S5,

o p 2% primary process & bX, BT v X ID % Viewp(G) Db H ICHBRT 30

o p#tbackup process kb, ‘Fail’ 2 v &— % S-queue, CBHFT 5, HBA <Y +CLD Fail’ A v

-SRI HLARAT, #EEY vt X ID % View,(G) » bHIBRT 3.

G 7 et 2R LT o X A~ 7ICA 3SR, primary process 2% backup process (T
WREE % WL, backup process B 7 ot AHMEORS LERO YA — 7 ¥ o —EHAHETA S,

PlEoQElRfTh S FA—TiliiBLvA ¥ D& 27 R ESKRT.

Reception (Fail)
if p is the primary process in G then
eliminate the process ID of the failed process from View,(G).
else
engueue the message to S-queuep.
fi
Renewing View by Failure
{On degueuing a ‘Fail’ message from S-queuey in the task ‘Send Event’, p € G ezecutes this task.}
eliminate the process ID of the failed process from Viewp(G).
if p becomes the primary process by this elimination then
while P-buffer, # # do
{ Forward Phase:}
remove a ‘Multicast’ message from P-buffer, and enqueue it to R-queue,.
send ‘Forward’ messages, MID(Forward):=MID(Multicast), with the application message in the ‘Multi-
cast’ message to the backup processes in G.
{Acknowledge Phase:}
send ‘Ack’ messages, MID(Ack):=MID(Multicast), to the processes in View,(G,) where G, is the sender
process group of the ‘Multicast’ message. ’
od
fl
Recovery
[On recovering a backup process, the primary process p € G ezecules this task.}
append the process 1D of the recovered process, PID,,, at the end of View,(G).
send ‘Recover’ message with the state information to p, and ‘Recover’ messages with PID,_ to the other backup
processes in G.
Reception (Recover)
1f p 18 the recovered process then
take out the state information from the message.
else
enqueues the message to S-queue,.
fi
Renewing View by Recovery
{On dequeuing a 'Recover’ message from S-queue,, in the task ‘Send Event’, p € G ezecutes this task.}
append the process ID of the recovered process at the end of Viewy(G).

5: The Algorithms for Group Management.
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¥ o= Viewp(G) 2 Trueview(G) L RA2BEHB 3. CLTH, Fr—TEa—KFERD 7o XD K
fEfF, BEAID 2¥2 7 w4 X558 primary process & LTBWEL. E v+ X ID BB T ICREHT 3,
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