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Research on Consensus Protocols in Asynchronous Network Model

WANG Di"*,LEI Hang' and CAO Guangping®
1 School of Information and Software Engineering, University of Electronic Science and Technology of China,Chengdu 610054 ,China
2 Southwest China Institute of Electronic Technology,Chengdu 610036, China
Abstract As the development of distributed systems progresses,the consensus problem has garnered widespread attention in the
field of computer science. The inevitable asynchrony in distributed systems greatly impacts the design of consensus protocols.
However,the FLP impossibility result indicates that in asynchronous systems,there is no definitive consensus protocol capable of
enabling a distributed system to reach agreement. Researchers have conducted extensive studies on how to circumvent the FLP
conclusion in the field of asynchronous consensus. This paper first analyzes the relevant definitions and theories of the distributed
consensus problem,summarizing and concluding the definition of asynchronous consensus protocols. Then elaborates on the de-
velopment trajectory,implementation methods,and performance metrics of asynchronous consensus protocols from the perspec-
tive of different strategies to circumvent the FLP conclusion. The paper analyzes and summarizes the advantages and disadvanta-
ges of avoiding the FLLP conclusion through methods such as randomization, partial synchronous models, failure detectors,condi-
tional restrictions,and hybrid consensus approaches. It points out that the design of asynchronous consensus protocols mostly re-
mains at the theoretical stage and is difficult to put into practical use. Finally,briefly discusses the issue of equivalence in consen-
sus, hoping to expand the implementation pathways of consensus protocols and promote the innovation and development of asyn-
chronous consensus protocols.
Keywords Asynchronous consensus, FLLP impossibility, Randomization, Partial synchrony, Failure detectors, Byzantine fault
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R Cecho)” I HIRH &4 . I8 M3 A AU 1% 5 1 T 78 A7
REL 1) T30 6 YK 6 BT 6 L T EL IR AR T TS S AR R4

WEAIAY, BRT 4% &P RN

— &V

B4 o) A
Fig. 4 Binary broadcast algorithm
YE# UL Z o) Bk i 3 F LR mE = 5k T
— PP TR 2 2 0 2B TR o E SR B B P AR A TE B R
TREEHE H — AP IR E R F A EE B FRK. EFA

o, 3R F2 4838 3 BV-broadceast I #E A C B9 24 F A it
{6, S5 RR B 0 2 4% 22 1 FC A R AR P T R MBS L T AR G X 2 5
SRS S0 T A 25 R R E O RO AR — AR —
& rP B FE T At 1 B 3 AR AR R S A ) A A T E L O B
NI TR SRS Z — 350 A B DU A A S i A
BIE . EBILERERE N <n/3. B MA 2 8 3 4
WAE TR IR KO 4, R RIE B R 28 O).
ZARYMSUR H AT 1R ECh S R0 o 3R,
3.1.6  SFF A EFE WL

Miller % fff % 7 5 45 2 3£ 7 45 5 15 ( Asynchronous
Common Subset, ACS) iy AR, $& T % JEFF o5 2 L1
7 (Honey Badger BFT, HB-BFT), X & 5440
FE oy BE AL B0, FE S B R AF ACS B A] & )T #E1Y) (Reliable
Broadcast, RBC) F1 5% # — J¢ £ {HP°) ( Asynchronous Binary
Agreement, ABA) 8¢, I8 FH 17T B o 2% J7 %8 S B M o A
EAZ I SO ARG AT AT Bt 1) 4R 15, BB 4% LA 85 IR 179 3 1 JF i 5
PR,

WE 5 w78 ACS ', A9 5 5 58 A RBC Br il
A i 48 G S BRI 2 S A A N 45 R B AT AL B S
BEAN T A B RBC 8261 #9125 75 L $h 47 — 4~ ABA 52
Wi, ABA SE R — AN 7 8] 5, 58 7R %R A9 RBC 5K 441
AR I TE . B UL, R — AT S Bk B
— AT SR, X BT ABA SE K AR R 1,2 —
AT AR R 2 (n— AT SR U B H A ABA
SEB A BEE R 0, ACS fRUE I A7 15 50 1 o5 #0845 21 A1 W] 1Y

5 BEREFE O i SRl
Fig. 5 Honey badger BFT
PR UUEE T TR % LT R 4 2 N5 5 Merkle 44 5%
LB BENETE 5 25 R 45 IR B8 vh 2 4 R i R R AR R
B T %o o B A ) L B AR R . B R E 4 E
IR, KRB T T RN OGn’logn) , K
X R A SR, s A T g A R 0 A L B LAY T
WA OUogn) .
B s Miller 45 3 [ 51 2K [ /) 09 28 455 A0, IR 4 6 T — 4>
T 14 T 4 R BE B . X AN R BE RS R T PBETU Y 55 [l 25 R
WL I 5 3 PBET 58 4 JC ik #F J& , {F % T A5 4] 20 5 25 B il Can
Honey Badger BFT) A1 RE 4% BUf5 R 47 19 if &, X s &I, %
T 55 [ 25 B35 1 B 150 3 26 18 5 ki I b o3 R A, T 4 5 25
IS AT L AE 3k 4 S TR Ak S A s A 3R A8 T 4 9 4 R R
Pk, YEFK. Honey Badger BFT J& 45— St i S 26 78 5
B SR B L AH R BRAE 9 5 B © 0 B R W) AR B BR g

=

iz

(S

by

°
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Guo %" BT Honey Badger BFT, il it “ 2 i1 i B 04
i JRERBRTHE R EE AR EERFRARENITRT,
AT ST B AL S AR R A IR AR A D7 0T AN E T
1 BUE BN R R S

Guo ZM P 38 T Honey Badger BFT Ay ACS, #1118 6 fir
NIl T — A% R4 % %% (Committee Election, CE) #l
1 ke BEALBE 256 5 B 1 RUE R B RS B ABA SE ] U
B — A 5T SR OGN B R DT AR PR B AE 1 2
JBE ., LWL E .5 Honey Badger BFT # e, Dumbol
e AE IR A ik 7 T AR A B

16 Dumbol 55 A3 4P
Fig. 6 Dumbol synchronous common subsct

WA, Guo 55 F BT # AL T 2B FF & g LR B (Muld-
Value Validated Byzantine Agreement, MVBA) 7 ACS H )
TE PR S 02 2 A BT /N i, MVBA 938 15 & 2% M vl
BE It Honey Badger BFT A 1) ACS B AL, X 5 Z FjiA N MV-
BA HEAE & k& M A E T ACS MWL i AR, Rtk A
HHE T Al 3F B 4 W] FE T 8k (Provable Reliable Broadcast,
PRBC) .MVBA 5¥i 7 Q(Predicate Q) #3 T Dumbo2.,3X B
B9 Predicate Q F 9 J& — il 5 T 4% 40 BR il 19 52 25 JL R il
HAE.

Dumbol 5§ Dumbo2 W {5 B & E A O [ m| +
On*logn)) s Hovbt [ | 205 B /N X T2 % 10 2 HH OG0 &8 4
Z 8. Dumbol Tk BILRAYE A OUogh) , Hir £ R
E17 ABA LAY ECE , Dumbo2 FEI% 1 AT LUFE B AUHE Rk AL
131 . 5 Honey Badger BFT 244l , Dumbol 5 Dumbo2 #{{#
AT TIRZEM 5 7% LA B Dumbol AR HEMWZH

AR TR A R T AR ZOn R,

Wang 211 7F Dumbo AY JEfill 42 T —F & 4 Pen-
guinBFT (1 5 25 FF 7 2 SR i, DU @ & BB 4638 5 I
SCBIAH SE VAR ML DL B PR 2875 5 AT 0 XA SR
i D A S A0 R B R AR T KRN BE LA S B B = {5
E WL Y n)

3.7 ATAGARHE

Baird % 48 11 19 HashGraph B30 A 1) T8 35 B 7R
W AR [ BB S5 4, 38 5 Gossip B 5 R #8148 51 (Virtual Vo-
ting) LW 58 2 AL FE G E IR, SO R BULA S

F 1 (Event) : HashGraph B3 A B 4519 . 6 & 58 5 (5
1B RGE o W A B 5 A S R DT ST X B b X B
(Block) o {H 5 X HAL G HIHT— 4> X He AR ], =5 4442 3% % w5 4>
HAEELR B,

A DL (Seeing) : UM A — A~ 35 {1 0 3l ik — R 5 SO 1 3%
BNy — A R — DA W 5 — D,

3 1] UL (Strongly seeing) « S5 {4 85 8 K 2 B GBI 2/3)
KT I — AN R R T LS —

W (Round) « 2 — A~ = {4 530 7] 0L K £ %0 S8 07 e & =F
PREE W FRAZ F AR AE— A ek b

DLAIE# (witnesses) : WIIE & J2& 49 — 56 v 1 S 4 B A 1
FAE.

H 44 WAL # (Famous witnesses) : 24 R #2 A9 W iIE & = 14
B R A1 519 2 80 WAE A W] UL R 4 DR A

W 7 R AT SRS — A A 18] IR 8 3 Gossip
about Gossip” PM S B HLIE 5 50K B 70 A0 4 AT 15 7%, B
WSR2 1 BB R S K R 20 B A O s A 1A S
Zead ] UL R RT UL RS RO 1L 44 AR A A — R B O R A
R 58 B BE L O LR R AR B A2 R P
TR, ZH PR E EERE g e k%
BOLIEE” 5 K28 R+ 1 % WAE#H 7l W R % ULk =57 w5 A~
R EAT AT E S T R R DS U SR A R A
BT S X R 0 5 52 R B SO T R 2 8 B
F Y%A e s AR .

IR R+1

=

=

#4

wrrQ) O O MY npe

. FHRI A

K % B R+1% TLAE j; ;‘ﬂ* s ;’?1

# 5 ILR% WA # R
€3

BELA %
AL

P 7  Hashgraph L84 &

Fig. 7 Hashgraph consensus process

Hashgraph fli I T Gossip Ur AT 14 8 72 56 . H L H i
R A BEAE M OGO, IR % PhCRE T T 41l A 13 o

PRAIE S5 20 (0 445 A8 0 T B 350 9 955 L 3 2 3 — A B L 48
(Coin rounds) . fiff FH £ 17 53 807 26 %4 09w [A] o2 3t 47 $E 52
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i 3 I A8 0% 76 B RO I8 i3 i) . Hashgraph 5822 5% 40, HG
T T A B Y R RO AR AT AR A S A
538 5y I (8] JE vk A A S )

g5 b n] DL BE ML AR T s 7E A e S 2D T o SRR R P i
AN . #4] Rabin A1 Ben-Or $2 1 3 F B HL 1k 19 48 2, 3
I35 | AE S R 5 ok 1 i I DA e M s B E S TR A
FEFATIT s TR A% A0 ] 30 Aok s 28 e 5 R EE RR TR A A
A 1) TC I 181 AR R 38 1w BRI RCR R 2 . (H BENLAL T
PSR T R L R MR — R RRRAR T
) g SR T
3.2 EoRTER

Dolev 4RI T 76 4370 X R 58 b SE AL I & 1 /b
W2 . Dwork S50 SAE4R L T840 W) 26 M MES  OR45 i0 T
PR AR S3 R G AR . 1) SR 5 S 3R | BRAEAL : 23 1 50 &R 4
P R A% AR AR — A [ B EE R b BR R A B R E X T
RESHFEFURRAN . 2)EIR TR E HE R LG B A R A
R AR T — > B RS R HaX A R A
HERE SN2 RRE R S Z G A T IRES . Chandra %59
ST A = AR L, R Dwork BT iR AR R TR, AR
RS I RGBT AR A 2L HE R BRI EE , R
Gior ik Bl — A ROERIRES

T4 [ 20 A5 AU 1) A% 00 2 2 B AR 9 5 A R S8 1
) 20t g S . 7 B [ 2D AR A Y S ity b B 2 R 2 R T
i T 5 IR BRI IS AR SO R P A AR T
FESEATOI R 5 Mk
3.2.1 sy HL5aA

Brian ZP 2 1 T — & &y VR (Viewstamped Replica-
tion) (Y HE R PR, X PR ICR F -4 B A O vk Ho @A
0T T Ak 3 7 S 4 K T A 45 A D) 4 OO AT S
A FE A 7E RIS R BT 2 G838 1 — AN B0 2 114 10 1] B d
BORBEH BT 0 ERIAS . PSR T T 40 A =8O e ) S 1 .

Abraham %0 AE Cachin S5 A9 AF 58 3L mb L 32 T —Fh
AT GG e 2 FE O e R B, 2 O O TR IR A L
M EE 3 A BB, 1) # B Bt (Broadcast Phase) : i B Bt
P T 4-Stage- f+1-Provable-Broadcast, i 4 B X, fE & £ f
AFE AT SAATERE R Sl 4 AR B E AR o R L B AR
B 1A WS SRR U2 IE I B B R AL
2) 40 5 3 1 25 By Bt (Leader-election Phase) : i B Bt % F K Al
T BLAY 05 35 1828 LR, o s RS 19 R0 5 5 22 iR [ Bk
TR S H 280 — AR MR o Jr 2, Bl A 51 A B
HLPE Sk 32 8 2R G0 19 65 4 1k R0 22 & Pk (BN iR U FLP [A]
3) WP A58 B B B (View-change Phase) : % ¥y Be 32 %] Yin %09
Bt R o e T30 4 [ 25 R, 76 05 35 T 46 R 58 L R BB 3K L
R AR N ST 00T FE AT A0 18 A2 5, DLARIE R G T kL T
RE] OCD) i ) 42 44 5

5 Cachin %7€ 2001 442 Hh 9 J5 22 48 LU, 32 P BUAS 44 36
RfAL 50 3 T35 4 [5] 25 B Y 3 o B AL 4005 3 1B 2% it o ok
SR fFE P T Cachin SF48 1L T 3R 20 4F A T TR)EE L 4%
WEEREN OGHRAR T OG?), WEF 4L T & I 1 2%
HBEST S O AR 2% 1

3.2.2 AT TAEH g4

SCHRLI5 JUE B T W3R — A SR BB £ 4 [ — - R 44 R
[Fi] fg 5 o R 3 R [ Y R 58 L T o B 5 B <3 TRT A o AL G
R ME R AR RTEE <n/2,

Veronese 804 G HE T 525 FF 5 B R B 380 b 4o ]
HEOMFE 7 FE Y SR R B, ¥ 1T T USIG (Unique Sequen-
tial Identifier Generator) {5 1T M 55 » J9 Bk A4~ & 7 s Y 12 58 40 i
—ANME— 18 (BB 3 04 T 55 OF T B S A B — A R TE
Bo XAIFHSHR T BEAE T A5 W 45 oh, 45 4Rt Rg 4% e —
BT AT S PR AT 48 FHZ DM ILA S RE T 2 f<<n/2. P
Pl TR T A& (USIG-Hmae) 5 % T A 8 % 18 1y (USIG-
Sign) LI E I H T 3 B[R B USIG IR 55 4844, Bk
% 4> USIG(NS-USIG) .3 F AL USIG(VM-USIG) |
F TPM(Trusted Platform Module) iy USIGCTPM-USIG) , 4n
8 iR .

BFT | USIG

BFT
USIG oS dom0

m USIG
’T‘ — ’T‘
Hardware ‘ ‘ Hardware ’W{

(b) VM-Ubased

‘ Hardware ‘

(a)NS-USIG (e)TPM

K8 3 FAIE M USIG 44y
Fig. 8 Three different USIG architectures

Veronese 25 F| ]l USIG, %& T 3 43 [d] 25 45 8 5 PBFTH 3t
W B BT P Al S R JF L JL IR B B MinBET A0
MinZyzzyva,

MinBFT i B 3¢ #0260 T PBFT,{Hi§ /> T PBFT
) Pre-prepare Bt , itk T M L H W E 4., PBFT
5 MinBFT PR BRI E 9 Bros .
Commit | Reply

Client : I
| |
Server0 | | : :
o N HAA ]
|
Serverl + t
I RSN RN
— NSRS,
- |
S . ! | \\V// <\
erver3 :
(a)PBFT

Local-

Commit | Commit
[

R st | Prepare | Repl

Client eques ! repare eply
Server( \} I
(primary) \AI
| |
Serverl + t
Server2 ! \ll

(faulty )

N/

(b)MinBFT

9 PBFT 5 MinBFT X} Lt
Fig. 9 Comparison of PBFT and MinBFT

MinZyzzyva J&— Rl P B FE o5 2 SR DML, B i R
GEAE VA TG I R — B LT AR 32T R R BT L 2R
UL AT HR A I S B0 52 % i L7 E [ A 82 MR
A% Z2 (e 0 B, &2 2% Commit T4 B 45 BT AT 5 20 W SR BfA R
PATBOBRAE BRI R G BRHEPE RGP . MinZyzzyva BRCHY
RS AR R MPHAT IR AR AN 10 Pros .
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| e |
Client Request ! prepare ! Reply

Server0
(primary)
Serverl

|
|
|
|
T

NS

Ca) S MARAT

|
|
|
t
|

Server2

Local-

Commit | Commit
I

: %ﬁ\‘l
e B A BV

(faulty )

Request | Prepare | Reply

Client

Server0
(primary)

(b) AR SR W AT

Kl 10 MinZyzzyva 5k -5 3E 5 MIAT 19 X H
Fig. 10 Comparison of optimistic and pessimistic executionin

MinZyzzyva

MinZyzzyva AT MinBET Wp 8, 76 5 W 1F 00 F . 2>
T AE A BR L AE W 4 I IR R A 0T B B AL BT 4T Ak iR R
TARAEIR . H it T MinZyzzyva i 2240 B8 e AH0AT 7T AE
B TR L SR PR AR T T A 2 P A ML B AR B AR OGo)
H AR W] AE 8 e A iR, A AR T USIG, B3 3 0]
RF] F<n/2 {755

T 43 IR 25 BE Y B S5 5 7 SR PR B 8L, E A T R
Ay s ) B 3 L33 b 4B 15 T R AE S BR 9 43 A 2K R 40 ot DL
L FEOLRPMUME R TR R BRI, N —E R
YR TR 43 [ 2B AR T A TR BRSO AR R B LR L
38 B3 ) 2 BB Y R B o LAl D I AT A
FAL IR 22 (30 R SUR SR AR T el S D R, &
T 5 IS RN AE
3.3 WEEH =R

TESP AT R GE i, T 1 4 T — A1 a2 R Oy il s i 2 A
AR 32 AT 28 18 T A B I e B, X RO B M R S B
FLP ANFREPE S50 00 DG 58 [ 28 22— . T g s s W00 2% 33 ) gk
S R AR — A~ a5 AR S AR — A F G BB 1% A e A
085 A R o IR Y R B 22 2R, BIGE FURBT I 1 XA E B
WA DL R L FLP N RE MR 4516 . DRI, e B3 A 00 4% 1
RS LSRR EEEARZ - E48Z 8 Z X
FE S

AR IR 4 B 288 Y R A 0 4 T 43 A I LD
R G T 25 R S RS T 8 o R B A4 T R
ML 5 455 35 0 B 190 5 5 G 0 2407 | all-to-al1™ *0 i [ A6 i)
R RS F Gossip BT G R A T #S . FF Y
JAE A I A g 3 e RS AL oA M 0 Y AR AT L A
T A SR BRI B G T B L 5 S T ARG T 3 Al R )
P FE (8 JE i

HAC R A I 8% 9 BT T 1 ORI & (EL N SE B A B
AP,

1) 35 0 B 00 A I A 00 00 ol A O A R e D M
RIEDBET B R YA AR ARG a0 SR I AR AE TUE Y
sk JE) P 9 A A 380 T A R At 2 R 0 B 2 PR B i R T R
C& B, 1% S B, L B R R R A A B H

COBET ST 2 M R E .

2)) e T o0 A A I 4 < 3 ik 3 2l 9 ] s BE R A bR
AR SR . 5.0 Bk 7 SUM EL B ) H A T A 2R R 3 R
A T LA S R R A A AT R ok ST A A I 1 R R R e R A
B 22 5 AT 2200 I 46 505 1 4
3.3.1

1989 4F, Lamport & i Paxos #p 5%, 5l i 2 F oy 75 I
Paxos & I ML 2 1 B, 56 T 5 20 3 AR M 3 5t A i h T —
a3 A SR Ty vk o %5 8 A ST 1 2 () R 3R O B R
W B, — AN 7 1 35 AL 2 I [ P ) G At Sy i 3 & /D R ik
1At 24, I H AR S — > 37 125 35 76 24 5 B[] 9 35 A W)
(SIS AN VA7 R 2R (U RIS W 7 (1 /Nl = W 3 2
FRE U2 TR B 5T e BRI 2 P AR TSR R kR 4%
S, Paxos M HUER SHEZWHME, FEELHEEE n/2+1
A H FEATE AR, B R B R R TR R A
OG) . Wb, Paxos BHMARBE T 1738 19 7T & , 76 52 bR 52 L b
it 87 % 2 R R B TH B B IE M . B4R Paxos P I I Mk
T, (AR S 28 i SRR 380, 51 T R 1 AR b 5 ot A
F,

1Z S0 IR AR BB 3 S Paxos P UM T B I % L 0
Paxos i /& — Fl & T Q i e 46 W0 25 0 F R H I L Q B RE
G I g 2 — el B AEL A 1) A IR U A AL T LU B T R
e A% A 2 R AR 1) 23 A AL

TESEBR I 43 A0 SR Ge b A 1 58 S8 1 Q e B A D) 4 2
B PRHME SIS T B8 09 PR h I 0% 3B SR | 4 DX B 3 R A T 4 TR
FR AT 23 5 ) WA U0 10 S A R R i e SR Qe R A T
anAE S — A Bk, T LU BT 2 B AP A AR AT 1 2R S A T
Xof R N AT S AR RE SR A S
3.3.2 AKX ARG T M IEAN S

1996 4%, Chandra %™ { FH i [ A6 0 4% 171 38 46 W9 114 a0k
PR F I E RO TS T BB 4 0 AR B, H DU e S
F B0 A SO R R, R A T 2 T B AR 1 £ 2T i
SEANUERG 1Y PR VR 5 52 T O T SR R AG I 2% (Unreliable
Failure Detectors) F A8 A& , I AR 4l o 8 14 1 5€ B M X e Be
DS B2 RUBEAT R 43 sk 2 g,

[ i, Chandra S5 IEM] T OS 2 5720 R 40 Ll w8y
e 55 WO AG I ZR 0 . OS SRR RS DU 2% R 2 - 1) B S8 R
B 78 K A 5 DL R 0 R e 246 B 2 W T 0 0 R I B PR B 1) 3
s 2) e 2SR L B D AE TR — A IE AR AR 7R A I )
HZJE BN SR G P i ] oAl 6 R VR BE . ISk, S
HIRIR T OW 5O J BB A I 25 04 BE 12 A0 24 1Y .

AR Rl S

Table 2 Classification of failure detectors

Paxos

o
M
R BB RAB RAR
B P S OP oS
% Q W oQ OW

Kihlstrom 57752 SCT P FE (5 E hi Bae AG: I 5% - e 24 55
FE o5 2 R A W 2% OW (Byz) 5 fe 265 FF b BE i B R 0 2%
OS(Byz) o 3k T 2 i WA I 45 4 SCTT it bR o BE R . {EL
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R I BEA fiff D B 05 AN oy 2 3 e A 900 45 22 8] 47 2 48 9 1)
T AT B R o R AR A S BB IE k. A o R
H TR R AR R B vk BRI A B AT — 3 i ML B B kL S

B fefi A 52 4 [R) A5 A AR TR r , 9 o JRE 3 I G 0 % A 2 T i
B,
3.3.3 #EEXMBAEFTERDPHEA

DT quorum A9 38 IR

1E Chandra Z&P BF 58 Y FEHH [ . Mostefaoui Z5 7 HEH T
— ] 38 N ALk B 0 S 40 SRR B, b B T U O AR
M S/OS R BRI GRS, RETEAHBRE LS T —4
AL R I 5 A [T g R AR AR i e A M g B L 1 £ R
SIS T — NI (quorum) AL H THEE—R F il
i Fof g B ) 2 408 14 £ L USSR . iU P g — FR R 43 R T
AT AR B B < 25— W B A8 R O 9 R AR R 2 R Y A e B
SH BT AR AR S 5 B B T A R AR R R ME B K
B —E S E WL HAT —5., R —
e T — A S0 R SE TR LR % D R E A R
a H AL A R

A IS U 25 2 (4L 7y P B 3] 3R W] LAY Bl P 150 A 30 8 AR 1
Tt 1% DL B O IS0 T 1 TR) R 7 7 7 R R 1 LT,
s A 0 2 AT AU AN A E R R ARG . I P LA X A 15
LB MNEGIFEE N OGRS 2l AL I 2%, ¥
WORIFERZ n 2 5 KB X FOS 28 M A I 4%
3CH I R B A U B — A [ AR TR R

2) FR AR PR

Dutta 274 T —Fh 3L Q 28 BB A T 2% 19 52 25 LR
W ISL 32 BN ISUTE WA R AR 9 15T O L e A ) mT E  ALT L l

VAN 30 15 25 B i 58 BRI R MR UL AT AR A (Ze-

ro Degradation) Ff 14 . RV 75 3 26l 55 7% 2F i 15 00 T L B LY
PEREHA S Z RN, EH TS T AR Z IR AR
BT S WL O 24 0 R G I % 5 4 S O S S IR A I %

3)FETFOS Fli B A I 48 1) R 2P R

Malkhi 251 85 % 7 Paxos Pp 3058 {8 3% /9 BAR ., F
OS?@ﬁ&W*ﬁW'%ﬁ'ﬁT%V?@ T — AR g dE R
DAL, PP AR IR AT, B — A — AR T A R
TEIF IR I 45 A — i A . 48 E'F%‘qﬂlﬁﬁﬁﬂ/ﬁxﬂn_fﬂ‘ﬂﬁ,
— B B R A 22 0 A R gt 3R 080 — A SR L o Ath 3E B
}/eD(E’MHJ_/?ﬂFﬂW_,ﬁ%ﬁ%U\(ALK)ﬁiﬁéﬁ(NALK)‘{#}EO
ﬂﬂ%*/l\ﬂfﬁllﬁ(fﬂﬁk_*ﬂéﬂ’ﬂ ACK T i , & 8 3 37 2 1L

B IFHEAT —46 ., AU R v e R A I 25 473 38 T
Sk £ 0

(1) P 5 W e 30 8« 50 A 000 28 A 0/ 3 R S5 HL A g A T
[ARSLY. 22cy |

(DGUFFH W BRI B - SO A2 115 82 52 w40
S AT R S A R

(3) WSC BB g Jo RN TA - 400 3 MR 3] — 8 B A% oK R
I TE BE , SR — A SR T T R PR il 3 R AR 4
T I A 0 5 1 i R e S k% ACK #52 & % NACK,

(4) P PP A« 3 R 8T RT3 A 0 45 3K 0 2 4] B T 2

AW LR, R — A HE R AR R 48 1Y ACK 1R By, I
LS ) 5 2 B T A R At 3 R A R B L TR 4 T LA ke 2
PUE IFZ R PR,

) IE# X B I A9 H B (non-well-formed message) £l
AR R OB AR A% 2 R AT T R 2 AR R A T 2 1Y
AR R Yo E B AW B R EE R MBI EEs R,

A T B A I A

Doudou 857 4 & T i 85 4G I 2% 114 7 v » B4k B0 9 15
B g R 30 AT Ab g SRR S R — T R R
150 1R ik e R TH B L (ELTT e Ak 2 k% HL Al B . i Rk
G T 5O ML T 6 T R A 4 1 ik BBV 0 R R i R,

I 0 O AR A Ak SR K 3% ¢ T-am-alive” ol H: fih 3 5 vk T Bk
W HERR R R A T H R

VB 28 SCT i SR e G D) 25 1 i 44

(1) B¢ & F B 58 % P (Eventual Mute Completeness) : 1%
E— B E] SR E S Z )G W FRE AE— R IE
PR p RO RO BT p ACGE R BE,

(2) e & 55 HE W P (Eventual Weak Accuracy) : 7 £ — 4>
B ] A5, 2E XA B[] 5 22 5 % A A AT o] A 1F B 2 AR
PN BEET R p EHERA.,

Pl 11 JR 7R 7 SR e s e W) 288 1) 55 302 A
L B3 DI RS H L. BABERE p #1461 — A B
Ap WS WG =BG — D TR p WMEE A
S e T R R Y DE AR BN 2R ot put _p o 5 — A FTFAEE AT
WH B SRS R critical_p.,

SE MR T

#Ep
o 0 A2

:‘ﬁ%ﬁuﬂfﬁq— BMEE 41
B q OMy | Gris-not-mute Ap f£42
E??T [ critical p—| %3

A

I-am-alive
|
q

P11 R R T 2R
Fig. 11
B4 1 WEEii e
RN IR p SR critical _p A& PR
PR g WRHEFE ¢ NE owpur_p G, IF BAE Ap I RIA
BAHWE K H R ¢ “T-am-alive” 1H &, I8 4 #H 2 p 2R 5
B g R T #HERE  ITK ¢ B owtpur_p B2 G,
552 BBEE
A, BRI ED WK B HEA R ¢ 1 Tam-a-
live” BB, B S M OM, &% —“g-is-not-mute” I B . {1 R
q C&TE output_p G B AHRE p ¥ g M ourpur _p 4
ARk KRR HER ¢ HENRA KA # B,
fE5% 3 HEHOCH SRS N AE
TERASH B 5 WIT G o, R p B — AT 5 1
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