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Blockchain Consensus Algorithms: The State of the Art and Future Trends
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Abstract Consensus algorithm is a key component of the blockchain technology, and also a hot topic in distributed
systems research. In this paper, we systematically review and discuss 32 mainstream consensus algorithms emerged
in the development process of blockchain. We introduce the classic distributed consistency algorithms, as well as the
milestone research efforts and the key conclusions of distributed consensus algorithms. We also propose a novel model
and classification approach of blockchain consensus algorithms. In the end, we summarize the consensus algorithms and
their performance measures using an evolutionary tree. This is our preliminary research effort towards the blockchain

consensus algorithm, aiming at offering useful guidance and reference for future innovation of novel consensus algorithms

and the development of blockchain technology.
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[ TS e g R s, ELRA R R EE, XA
— R FEM TR MENERIA. 2014 45 A
KATH) Slimcoin &5 T AR Al s SRk it, B
T PoW F1 PoS g AI#EH T PoB L5k, Hr,
PoW iR R = A Wi as e A AL 52, Bl bk ) 3
K, XS 26 2T RS AR T, 2R G0RHK s
PoB 1 PoS kIt 4E9. PoB R Hr a2
B iR HAA 1Y Slimeoin Jik 245 1 ok 4k
[l (BA%58) ofe 5 4 DX B IC A, AKRIY T
822 A2 21 X B AR sy, 2014 4F 12 A 42
1) PoA FEHHEET PoW Fil PoS, HH % H PoW
2 43 A T A 210 T 200 A 25 BT A T KT AL
T 17 R AN A5 5 28 25 1 B30 R 4l A3 Bl o

o BRIGHT 2017 4F 4 TR, KO
fiftk PoW ¥AER) 51 % S MUt M, ffue 8 k2
#£ PoW By Ry 2Lt E5IA PoS Az, fifs X HesE
AN ARSI A KRB E IR (B +
Padt) R b TR, T b5 RE T AR A ] I
il 51 % LALLM 1A 51 % PAERIAES, A BERLEh
St 51 % My, X IR RIS = T DR 2 4
.

4.2 F% 2: [R¥ PoS XK

JR A PoS St R BYE By el 2F H Ar 3 22 o
HEA W “FoAF XK FR (Nothing at stake)” 1]
B, T Tendermint®) PA K fy A7 2 4 #)
Casper® | Ouroboros®!, Tezos!*? #1 Honeybad-
ger®3 SNy A PoS HH R RS
H R ST RUED R FR SR K AR B 1Y, X X Hedg
WP H AL, 2014 42 H Y Tendermint f4E
PN i S N e S N PN g srr 2 SE = I B
Wi E ks, KT — T PBFT (1) PoS
IR AR TR E K R B, Tendermint 7
JLTE BN ORI 4, WA ] ORAIE 4t 29 B2 i
Tendermint J&—FFE A LR AL, HAH
RAE BT B B, IF H] DAHRA M 25 v 2 2 =
93 Z— IR E i B

2015 4EE Y Casper J& PAUKGTHRITE L 2k
P i FR 7 H (Serenity) HYSE 4 B BOR R IE IR
R, MAERTT . PHEMSE B B H A Casper &
HAPA A, Bl Viad Zamjir 251 Casper
the friendly ghost (CTFG)BY Fif Vitalik Bu-
terin 74T S B Casper friendly finality gadget
(CFFG)P. wir 2B PoS L3, i 53 ) 2
PoW H1 PoS iR AHLE 4. [F s, PoS i
WA 32 2 B4 B 2 3 T HE PoS FIE T-FF 5 i
LR PoS. Tendermint 25 TF HERLER PoS
Wit #HkZF, CTFG ZE T8/ PoS #it, 1M
CFFG N2mEmsha.

2016 4E42 Hi 1Y HoneyBadger LiHEHAN5E ]
() 525 FF (1 BE A A RPN, 1] DATE A AR AT M 2%
Fof T) A 35 1) i 3 1 AR Ik DX B R e i 3 P (Live-
ness). % IHHIT—Fp ] L BETIE A SR R
WM, BEASAE) I B B E AN R B A B R D
HEXR S, 2017 4 8 A H /Y Ouroboros FLiH 2
HAET PoS H HBA A8 2 A O i DX s
W, HARR R PR T — A L R K3l PoS
LRGSR, (AR S R AT A A B — AN (LA £
Eifg, A DA RGN DX B B A B RAAE T AE T
W LR SRS AT M I3 B0 2 A U
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2017

4.3 F# 3: [F4 PoW HiRE Ay

JiA: PoW RSk i kit H A £ 22 SEEL I
B3 A e AL AERE. 2016 4F 3 H, BELR/RK
2211 Eyal 2832 H—Fog i) 3R 3495 Bitcoin-NGE,
REFEIY) 53R AN [ R e 1) B 74— 1] B 1 il
— NS HERTAERX ., ;TS ZIEIA
TR R X B T 28 403 1) 5% i X
A G BRI . KX YR R T PoW
HHBVEA B, RG9S E AV N T TR B Y
A (fi4n 10 ) kAR Bitcoin-NG W] 7E
AN X ez i B b e S A N
DR, AT AT 8 B ff e LU AR TR 2 ) L )4 8
A H 1 ByzCoinl iR %% T Bitcoin-NG
TR T T 3 e 2 RN A2 G B ik AH LM ST ) ik v VA,
PR AR AT R IR (L E AR B, AR X
BERGAE AR — B R R, D53 M Paypal 7%
i S BE AR IASEIR. 2016 4E$E H Y Elas-
ticol®®! SIHALHIE i 40 Fi BRI X Hebi (3 2
P, I R RS AT 45 DAR] Ik B 22 42 1
R A4y Fr (Shard), iX 2643 B 347 H AL B H A AH
RN o £y Elastico 25— NFF b IE AL
A4y i, 2017 4E, OmniLedger®® #F— % 3%
ByzCoin # Elastico 3LiH, %1342 8 4 5 Byz-
CoinX HYFE 5 EEAHE PMYL. OmniLedger i@ i 34T
P55 A2 Gy A B AL K B VR BE, 256 —FPBE S 42
BEIKP-4" AT AS A 30 22 A PR RN 25 O PR 1Y
A A ZEA.

gt PoW L BRI R0 (REFE) F1A
PE, WF 50 AH 4k 48 th T A i) A IE B (Proof of
elapsed time, PoET)" #1524 (Proof of luck,
PoL)1. PoET Al PoL ¥ 56454 B9 ] (5 AT 5F
3% (Trusted execution environments, TEE, 5| {1
F Intel SGX $ARK CPU) AL IR E. PoET
B A HyperLedger BI4E A Sawtooth I H
KM TRAE, HEA R B2 B DXy i
FR 3 T SCRMR % A A B — A Bl BLER, ke phese
PR BN — ORI B S R B ). B2 — AT IX
PR B X 2500, SGX BRI #F B 45 ) 2 X
e Az R S R ] R R, X AR RH & T At
SGX 5 miliriE. PoET iRl & SCHE Tl 15 X Mtk
RGAUHFEE ST T RAZH . MITHER TRCE, [\
AR EIESCEIL T “— CPU —ZE7 By-Fi. Z5{l,
PoL 4Rt R ] TEE - & 1 FEHLEE iigs Rk
R SE GCRA), AT BEALAS S 55
UEJIE 3R S TR RN A2 5 i A B[] . S5 B0 m) 208 11 e 5T
FEREIE 2P o i 320

2014 4 4w a3 | Uk B (Proof of space,

PoSp)142) FI 2017 4E42 A 25 TAEIERA (Proof
of useful work, PoUW)3 3 2 fifteh PoW [ #g
FEIR U $2 th ry LR k. PoSp LR ELRE” T
i H— e g g A A 18] (RS )) SkZ8™, 1
PoUW NI PoW il 2z Jo i i) SHA256 WAy
18 S AR Ry S B 3 % BE IRDME SO B R iz 5, )

W IE A2 [ B A 3SUM [, 5% 4 e 4 )
faray
=~F.

4.4 FEZ& 4 RESHRA-BMEEENSH R HAitb

G —BEEE R 2 ZEFE S EAR Y,
PRI XE DAY, T X i 5 (Fpill e A B 5E). i,
o BIFC - Bl 2% (Christopher Copeland) 244
£ Raft f1 PBFT B3Em900%, T 2014 42 FE S
JEZ L) Tangaroa 23544, Tangaroa 4k#& T Raft
T AN 2 2 B AL 5, [RIIHHEFE (5 BE AT R T
WEE AR 2 . ARG M. % Tangaroa Jt
HE %, 2016 4£ Github &1y Juno i H & H—
FhE b RE AR Y Raft B35, B0 8RR R —Fp
Frhy ScalableBF T [ 4 I FE 5 e 2245 MY, fEAS
SEIL Y Tangaroa A1 Juno S HE.

2015 4F, Stellar.org W i #l 2% B David
Mazieres ##42 H 718 B i i (Stellar con-
sensus protocol, SCP)16l. SCP 7EHeHRFE 5 KE MY
F1 Ripple #M3g 3Eak Ak ny, 25— nlHk
A2 a i AR, B s ARER . RIGE
FEFNETI 4 4 D RBEEME. AR, YUK AR 4
W H #F Ripple #1 SCP I iRAMHZE A, 2 T
E NFHCEE (Quorum voting) 3LIRFVE, PARX AR
SR BRI A 5 B A . 5. 2016 4, i
XEEEAIX NEO (J45 /i) 46t —Fh elode g 38 o
JEARER YL ABEFT, %5357 PBFT py3khh FAg %
T PoS it JEL, e Y SR R Sk ik e K
N, RIFIEIK N 2 [B) 38 ok 5 o 2 4 S ok ik it
. ZEFEMEE T PoW Fil PoS it = fe 44— E )
I, (A5 X B RE S H T &l 5.

2016 4F, &R 5T, MIT ##% Sivio Micali
T —FhFRN AlgoRand 7 il bydi FE (5 i 724 3t
R ZBEVER S 2 poR B R I AR
IRk MR T3, A ey BA™ 35 E A
PO BT X A i H. AlgoRand H &/t A
i AR5 3, Ao HOE R0 1 X
AL HF R

2017 4, FRAIRKFIRE T —FFRA Sleepy
Consensus (FRIRIEIH) AF AL XS4
A A2 LI R A5 T R A | e TR 5 P R g 22 AR
AT B AR, U DECT REL S 5 IHI RN
SEPRIE L. FFEUERH, G4 R AR TOV A AR
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BN RUESGR R 2 A iR A AIRIGH R, H 2
TE LT e AR i I R S R RO, BT
B2 AV

L LRk, KRR R A St I S i 2
IR, 2% 1 g 7 B — P RAR AR s a5
i RE A PERE . AN AR AR HURYER I &
HEN5.

5 RBESRE

HORFR R K BREER G R ERZ —, T
A S AR —ASET RIS IR RSO0 H
E4f Y 32 Fh T2 KRR T T R 4t
PERIRREE S 704, FEUIIR R, TR IR
TEBRSE A B, AR ST I He R B AT AR AR S
P IRBRIR I — T4, MAFAER TR % B /MR
LR BVE R I AL, (7] I — Se B i 2R Sk
PFEANWAE ML B Be. A SCTAR W 2o J5 211
W55 B SR IEA T A J A5 2

PAE B BF BRI 514020, IR B S vk
R ABIE T P8 B T X B IR AR TR e

PoET 2016

PP SRR — SR A R 3 P S A DA BB B X
B alitly AR B = A7

e, REREEICIUAIAAE & i — B E 5T
KHRE AN 2 )5, Flb 2 T U sl Bk 1
SRRPEREVPAS RAREAC TTROBTE. H T, SRR
RPN AR A, H— Y I T4 S f LR
NFERIE DR, ST AR BERE . A5
Z 5EW BN ENE ASA T FAUR 2 M BT
P (AR R AR ) . AR AN Ak
S IS R TR R AR50 1 R
SEIE SR EPERE IO B AR SE WL BT SR
A, KR AR AL —.

U, XIREERY SRR -5 BRI HIL ) 2 5
S NI 10k 3% N o e E ] N P
BHUE T8 TORGED X BBER A 22 4k . —EehiA
{it P A ATUEEST AT S A AT 2l R S AL )
NPRLE T AR R o s TR, it 3
Ik DR MR A R T AT B 2o 5 AR, AR AR
TRATHUR . TR 525 e Ll 45,
MBFFE R, ANSRE X B R s 1 1 AR A
i

CTFG || CFFG %
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’Proof of activity‘ ‘
2014
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2014

Proof of
useful work

[
2017 oneyBadger
2016

2017
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2014
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Fig.2 The evolutionary tree of blockchain consensus algoirthms
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Table 1  Summary of blockchain consensus algorithms
e P A FE L A FERIGA RN
Viewstamped replication 1988 T BDB-HA
Paxos (ji%) 1989 I Chubby
PBFT 1999 72 (<1/3) BFT Hyperledger v0.6.0
PoW 1999 = (<1/2) T Bitcoin
PoS 2011 = (<1/2) ¥ Peercoin, Nxt
DPoS 2013 = (<1/2) PoS EOS, Bitshares
Raft 2013 7 etcd, braft
Ripple 2013 2 (<1/5) I Ripple
Tendermint 2014 2 (<1/3) PoS+PBFT Monax
Tangaroa (BFTRaft) 2014 £ (<1/3) Raft+PBFT —
Proof of activity 2014 2 (<1/2) PoW+PoS Decred
Proof of burn 2014 7 (<1/2) PoW+PoS Slimcoin
Proof of space 2014 &2 (<1/2) PoW Burstcoin
Proof of stake velocity (PoSV) 2014 72 (<1/2) PoW+PoS ReddCoin
Casper 2015 = (<1/2) PoW+PoS Ethereum
Quorum voting 2015 & (<1/3) Ripple+Stellar Sawtooth Lake
Stellar (SCP) 2015 2 (<1/3) Ripple+BFT Stellar
Algorand 2016 2 (<1/3) PoS+BFT ArcBlock
Bitcoin-NG 2016 R (<1/2) PoW —
Byzcoin 2016 £ (<1/3) BTC-NG —
dBFT 2016 R (<1/3) PoS+pBFT NEO
Elastico 2016 £ (<1/3) PBFT+PoW —
HoneyBadger 2016 2 (<1/3) Tendermint —
PoET 2016 2 (<1/2) PoW Sawtooth Lake
Proof of luck 2016 2 (<1/2) PoW Luckychain
Scalable BFT 2016 2 (<1/3) Tangaroa Kadena
2-hop 2017 £ (<1/2) PoW+PoS —
ByzCoinX 2017 &2 (<1/3) ByzCoin+Elastico OmniLedger
Proof of authority 2017 72 (<1/2) PoS Parity
Proof of useful work 2017 = (<1/2) PoW —
Ouroboros 2017 72 (<1/2) PoS Cardano
Sleepy consensus 2017 = (<1/2) PoS —

N LA R A SR Y 3, R4 FE iR
SRSt R GRAR A SE AR AR . SR AL R phe
SER TRV {7 P B A I 2 s R U
B, BRI R RIRAN S DL A 4% A 77 AE S
DU AL EEE, B B 2 38— s — oo &
PLRI AR A LA . SEBIER SR ER”, X2
Ffp LR DX BB 28 G0 N IR B S A TR L . B R
S SRS PEAT o PR DX BB 2R e R AR E i 1T 1Y
KM, 8 VIR ER KRBT TE R HRE.

fela, BEH KBEEROR I K . Rl 2 B =
W BARFRZ IS AW R1ET, H AT C 40 3

HA TR A IR 4 Bl i an ) Jo3h
(Directed acyclic graph) F1M4 % & (HashGraph)
. X S KON 45 R DA B — B 2% BR il iy X B
HEROR MU WG o B 1 I A MR IX B “8E” =)
A KA. F3E T3 RS2 A 37 5 R0 52

IOTA RIRHIFRA “Tangle (2H25)” i) DAG #hihgh
ty, HIGHE R AR Sy (AR ERY) SRR, A2
SR IE AR 52 5 i G ikt . IR DAG 2%,
PR A PASE TG X B (Blockless) #4H; HashGraph
SR HE 2, BT Gossip of gossip PRSI
PEEEROR, DASCG R, FERFE 1) DAG 4514 I
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