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AT ST . (HBUA B s W ) X BB AE AR IF R AR P3R4 i . — Fh 3% T4 [AJE 36 P (directed acyclic
graph, DAG) 45 14 I 2 K A AR 1) HE A B8 SR A 43 [X OB A P RO ST, {H B AT EE T~ DAG AYIX Pk R 4 1) LR
WU A 3. AR SRR LR DAG 4 [X Bt 2R 48 Nano 2% (¥ ORV FEiRL A2 TRA 22 4 1 1) JE AT 5, $2 e T
— i AR BT (1) A T 28R R A AL, EP OERV(open election representative voting). {3 32 ZAL R T
RPIBGEEAS ) T B, ham 7 L h AR RR S, $E T M4 @A PE S0 25 AR, OERV HIEPERERRL, Refe7E A4
Mk 2 45 R0 2R 1 [R] IR 1 58 2R G i A s PEAD 22 4 e, ST 1S DAG B X HesE SR ML BB 78 4 % 5 B (I SE 7 %

X H#1R): A ML E (DAG); Bﬁ%%} IREE
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DAG Consensus Mechanism of Open Election Representative Voting

WANG Yun-Li, XUN Xiang-Chu, YAO Yu-Min
(Hunan Tianhe Guo Yun Technology Co. Ltd., Changsha 410100, China)

Abstract: As an innovative distributed ledger technology, a Blockchain has broad application prospects in many
industries due to its features of decentralization, traceability, and tamper resistance. However, the ‘existing single-chain
structure of Blockchains faces problems such as low concurrency and high latency. . The emgrgehce of a new ledger
technology based on the directed acyclic graph (DAG) structure is expected to break through the performance bottleneck
of traditional Blockchains, but the current consensus mechanism based on the DAG-based Blockchain system is not
mature. This study improves the security problems in the open représentative voting (ORV), a consensus mechanism of
the Nano network for the typical DAG-based Blockehain system, and proposes a consensus mechanism of open election
representative voting (OERV) based on theaepresentative election model. The rights and interests of the main
representative nodes are dispersg:d; the dégree of decentralization is enhanced, and the network security is improved. The
experimental results reyeal that the OERV algorithm has high performance and can enhance the stability and security of
the system without siacriﬁcing system efficiency. It is of practical significance for promoting the research on the consensus
mechanism of DAG-based Blockchains.

Key words: directed acyclic graph (DAG); Blockchain; consensus algorithm
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15T 75 A ELAG AT 20 A 2C R 25 SE B 26 A A5 L AS
Gy SUMER. XEUEER RSB I bt B B
FLOOERR I, EBCT ST SRS RESE R, P
PR DX S5 AT A A B o T i, (EL X B K A [
PREE ALk T R E . e ST
B, EBEREEEAY, 5 RIS A TR B Rt RE
2R

9T i DX HRE ) 1 BRI N L, I T RO
(directed acyclic graph, DAG) 14> #ii 20K A 5, R
PEH, X PR AN X B A 1 R RSB NA
A B A, KA B &R e, ok
WAL T V2 ARE LN DAG X HeeE R4, ek [9]
48 T Byteball FLIR VL5 EE, 7F Byteball H1, 5] A
12 AN WAEN, WUIE N SRAE A7 BT, 4 P R <
Sy i, B — AN T g B G U e g B v e R — N
(052 BT, B4 e — 2 14 P A 1
NESE. DAG I AN L7 FL 45 30 1) 43231 ik
0382 5 o MCL B BT MCL I E R 0, 7518
W 1, EEE bR B EGE (A 0 MCL 2 ANTE
FHE ERYFICH) MCL 7R KA A, MC /NP7
fith BTG A 9 A R . E R A7 i o B s D
BF, W RE 2 R AR XA 0] /R, R R A7 il B e R b, —
5 KA BRI, BEB B0 3 T LLR RS &), i1
4k, FE AR RO 8 T H A S A R (]
FEAHEN, SR AT, SCHR [10] $2H TOTA 3t
UL, S 555 P I 37 5 0 S FH, 0006 X w7 5 2% 1]

ARG, FAFIAN KIS SR 2 BORAE JE T 45 17 L

AP ANAE 5. T BE X R EE, IOTA 4544 LA 2
TP AT 1, @aﬁﬁéﬁ%&ifikiﬁﬂﬁ%%ﬁ: T
SCAULHBT A). {HE B TOTA Y2 &) S ik A2 i i 7 5
SR 7 R, A 5 B LRI, 285 LA 5K
i A AS BRI, SRS I SE KK 76 SRR [11] 32
(] Conflux RGi2X s RGP R, il A
DAG 2T+ S M RS9 FE M. Conflux SR 3 45 4t
WL, E8EILIREIICR A GHOST #hil, @i Hhik
T2 (A8 5 R FE K 4, B B FE SR e % SR K,
FH T A SR A A Bk BR AL 5509 (proof of work,
PoW), Conflux [1]45 A& FEFE IR, JF H 3-8 iR ik
P FECEREA 0 Sk [12] 32 H T 9445 Kl (hash-
graph) FLIRAE:. I Ay ] 32 B am i )\ Eh b BOR R 400 4%
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B S A A T A\ IR 4 A R A
At — 16D AT 2506 £ 0 X B0 A ¥,
AL AU AN X B X B S5 UE I
BRI SR S IL, HA A E T A M A AT —
T VS (1 ST, 3 PR 5 I M 4R P 1 [X
BV U 0 7 P S 2 2 T 3% 5 52 B 4
Tt (B, et T AL ARG [ B 1k R IX
A A58 5435 FBE IR I L3S 5 28 K K. Nano (JE 4
Raiblocks)"*! & —F 1 ) DAG X 3 R 4, Nano
RGN T — S — B0 T (084 1, 15
W BN [ IS 5, M SCHLAE 5 B 9F AT H AT
P RE DAG DX B 4 Hfi ok ek |1 T 5
S Y L 4R TR, B T DAG 2hIX B
P SE R ORI B, AT Nano [X B
[ 42— Bl AP IR HEZE (ORV) HIFE IR, X
S b M T RHCASER] (DPOS) i) — RS 1A,

DPOS FEASHL I ST 42 75 34T 2 P2 A A
FICY R, B AR R SR T A AT 06 I
2, T I 32 5 i 4 J% 926 B K. {HL DPOS 7552 B3 i
FE e 2 A7 7 2 40 TS 4 5 ) B, ) M S
Fo N RO IE T4 4 [X Bk [ty DPOS SERMLEIY T 1R %
B DAG 3 X By — Rl ) X e 46 4,
T8 SEARUHL 1 B 5 7 T 5 5 X e A5 ¥ % R I, (8
T I 5 T B FOE AR A e Nano R 4 A 1
ORYV i WL 27200 U5 R 15 R 25 4 iR S 4 2 1
R e R AR L T AR LT DPOS kit
1 DAG 2R X Bk 3£ 11535, Bk A OERV (open election
rep"reéentative voting). & Nano X HEE(1)°F1T DAG
B AL, LT P AR R AR, JER SR
FEMATARAL B, B FEAR AL 4 1 VOV AR 2 1 41 1E, 32
B RG R MR A

1 Nano & iTHEER
1.1 Block-lattice X 3R 55 B £E 44

Nano i [l T —F % TH 1R LK E (DAG) BIFHAT
X B 25 44, BN X B S BE (block-lattice), W1 1 AR,
S REKIEL T, R REHIWL 5. 1E block-lattice H,
AT kP #5 H CIEE, 3555 BT IO TR
AR Gy s B AR 53 2RI o, B9 s BB B
HHEMRIAR.

MPELE R R TR AN P A B O — 2L X R
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i H AR SN A

B, B X S, RIRRR A X, X ]
DL RIK AT Ty 8 WO S . B LAAE O3 T S 4 26
PASHTI X B, FE58 G I, FE R IR T P 5832 77 K
(1) B 25 K S PoW 1907 2% AR B — AN T X B
Block-lattice 4514 0V 5 oA H i Ak, RN G A
5 HAMIK P 22 5 — A S AE B . Block-lattice # 3%
EH A RIEAS (ATELRE i) Fedioh — AR R P IK
A, ITINARAE i), 7F Nano A 4 FhAS [F] 2R A i
B, send I T RiEXL 5, receive Al T-#2U0%C 5, change
BRI PR, open (receive) F T BRI /7, Hik
PR — NP ZZ open (receive) H.

T e \\‘\\\ g !
1Y “\\~ /’/
O .
] /
| B |

& 1 Block-lattice Z5#4

1E block-lattice 1, 75 N5 ) ok 58 M A #,
MA R IR AR G R BB ME. Bl 1 Fos, Rik#E
A R IR AL Ty B R T P IR AR A 0 B % 4, T 4
W3 75 A BRC I B YRCSE 55 s 7% 4 im 1) B2 050 i
FUIRA. N T 58 5, W Rt E— A XY
FLR B — 5 55, XS S T N el R ik A

il 85 w2 DX BRIE 1L W 2 A% SR I, ARRATTRE N Head AT |

B, — EIAS T —E (B THE, 225 AN R
2 11, Y

2 iR, TS A IAEE A i X B, SRR R %
G C, TP C Bl 5, ¥ 05 BARAFAE AL 1
CUX et I FLAI P A [ BE, K2 A 25 5
S RAELE A M X Bk, W B KT A FIIK S C 5
Gt AR HEAT % 1 AEA.

S AN U P 2 BT I, 28 B A A
BORZS - FLAN AT 9, B2 5 — LR RS S AT 3R,
41— L St T v K P HE AT A A 4 10 . B T LA
IR FRP 4 2 4 0N 11 I R 2 A A S B 0
HeF3@ i 4 HEAT I E, B EE I 5 2 5 bR i 4
SR

\
1

< K2 Nano XHLEEAT 5 1

1.2 ORV AFRFHFELIAMF

Nano i H AR E (ORV) 1E R HILRHLH],
X PR R — MR FLR R IE I (DPoS) HLI AR 1A, 1F
ORV 1, ig A7 47 s AT AT N #8] LA — AMRER,
FEM A 8 BLAR AT 45 A AR TR P AR AR AT 2
Gyl e CABE I B B (BT E ) 3O R,
BRFHAKREHITZGHE.

XA RNK I B AR R FFE L1 i b, FEx i
HE M 2 B B2 5 A S AT #8058, AT 4%
SR R RATL A AT RO 7 AR ARG 8 . T SRACR K
P 2, SR SRUR K A P TR BRIP4, T A
4. \ & N

ORV A PIARER: 32 EALER (principal represen-
tative, PR) Fl3E R ZAEK. BECH FEMRE (PR), %R
KK B EDH 0.1% MELBRENELRITSE. H
PR ER R A 2 TR i — 1 X il 2 R PR K 2
S AT S R, DAY I 25 (1) i Y RE, T B 2%
BRI IR R,

X TEAE T S ] S AR, A2 S
FE5 0 M AE e 4% AR BT AR AN L ik
TR RER) fEF 3 208 2 AR E T oA % 2
BEBMEE OGS T R THELBENEL 50%),
NI Ty TN, SR a7 R % 28 5 5 DL
AN 2 EIRE Gy 2 )R AR e, AR AT 22
FEAATT I R A BNZ P R A 5 b, AT R fi o o
X ji] .

HT M EBAEA 5P, ORV i T TEIE
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B SR B 135 3% BB PF X s, B s 4 Fhags 5y KB H
— AN IER T PoW TAE 7B, KLATE 55K
SERR, 1 s SRIGIE. XA 1E #4738 5 A 2 A 75 2/
BHTHERE ), (B EAT RE TERNKRE T HE R
A Redt AT Wik
1.3 ORV ZF7ERIEIE

HAR ORV HLXF DAG 4514 X B it HL iR Bk
RARKIIEGE, (HIE R AFLET m BRI RS 2 B A
Py 55 1) . B S ORV AL Rt 3 BEAR R AT sy %5
J7 o T —, BN RE AN B O — R85
B, B EIE XM EAS R RIER
B, MR AN SR B ] 48K 2 RO R R,
VIR i 38 H R T A, 3 5 R B A A R IR 25 R

FE. FLUR ORV AL e 2 AR A T E P55 Bl L

TEHEHEAT WS, X B ) 2% e Pl SRl T 7R K
f B J52 /i ORV B Sl 57 BP0 o 44— e 3t
Ik, A T AL SURARIE S Ltk (7148, R T gossip
L AL T 3R, A 5 R AT T 2 B,
P 0 45 45 5 S5 R 2 S B 10 AR £
o, 04 AR 5 T 5 7 25, 36 PR B3 £ T4 4
R T SRR 2 AR

2 OERV AT AR ZE LR

EEt B ORV SE{RAZLE M ] 8, AR SC#Eit 17—l
QR 3% 24 BE AL ORV LR AL hn DA Bead, 42 T
OERV 2 JFik 2 AR AL HALH]. OERV = 2 ik
(5

1) AR 2SN, BSL T — Mg AR IE 25

T {8 borda T2 %% 32 F S 4, borda £ 2
— P RS /l\ifiﬁffifigj%g:ﬁﬁﬁﬁﬁ%ii/kiﬁ
AT HEFP, BRI AL HE R 42 ISR A5 AR LY
Wk B ALY, AR v O A TSR %6, I 2
HOR AL, borda THEERA S 5 ik th A W A1,
R 45 S 25 AR ) 52 R 55 (R 50, A R T 78 4 3R
KRR

2) il HT LR RN, B A 32 AR Y AU R e
77, AR B 07 sUARAE 135 @ AR T s 0 e A
BRSSP, KRR T W4 1) 2 DA REFE.

BRI, B A T T IR A
Tff o VRS, I/ D AN 00 L ) BRIV K, 1Y TR I 2 I A —
ES g
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2.1 RFTiEZRE

(1) 1 R

A SCACRIE 2SRRI [ 3 370 iy o i Y
ma TR AR AL EEART AL

el AR RGP R K A, AR
HEPHA T RIKAS, RS HARESE, WTUEEER S
HHBE N H R O SRR RACE AT SR, wT DAkt

R P G TE R AEAT 10 T A0 .\ S 0 T
A, S BT R 3 T AR, ZHC AR
25 5 1 AR R 2 45 T B P 98 AR AR 2
AR 1 B A AR SR AR 4 A, A
SRR T e A R AR SN, TN R R IR
55 B AT A RCME BAIE 4 5. R BEAR A U A
borda 110 AT HE e 36, H5 A2 49 10 X )
Y5 T, HEAEIE IO 2 — I B R R A s
TR,

Q) R R

AT O 2 2R 4 N A B o i
SEH BRI BRI B o TR F e 2 G
— R VU, AR R SR S RS R
DAV RIR e, LD MR SR R AT IR 4 0 i 2
4 L3 PR . T DA 2R 0 A 330 2 B 4
I, {F A — AR 3 i 2T B SRR 1T 2 e R
R %, AT LU W V5 IR Bl R I, (RAEAR 2T /5
e, e o ARG Sl 1215 o 77, 4
PRI 1) TEHE 1T . A% SCHELF I 22 2 40 45 Hg
3 .

REIERE BB TEAIIERE B

ARETT Rt o oo

K3 ARRIEHH S5

Jiv A 1 s

1) RAERILE2EH B
T RAE R A Hy I, 5 BEAE B 4R 8 47 LD
RILHACGR B OB, W R AR 5 R B
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i H AR SN A

HIEFF B R, B0 — 2 R R HE IR
FUVE s ARMLEIT, 4275 k0] DL Oy AR R
m, 55 XA SRR, IS w1 5
PR FHIBERS.

2) BRI BL

ASOR AR I BEEAT A A R 5
FEN T BRI REH U, 3222909 3 DM J3: borda
it borda INALREUHE. A RIS HEF.

S I T RO T AT AR AT R G SR
BeA P E Y GO NS, &Y RAS S5k
52N T BNE T ) F BEARERY R AR A R R AR
It oL, AR B RN KT T EEAT 58 PN 1

W 5. A L8 € RN=2PN, ¥ 2PN MRET AN

X1,X2,+ , Xopn, W — BT SR IR PN

X| > X2 > >XpN (D
%
MARERT M, %0, -+, Xopn TS KUK N:
2PN,2PN—1,---,1 2)

XF B kAN T A R i, T RAIE A
v [ 1 Eﬁk/l\j%zx_w R A x> x; 3
Pii= 0, B x> O

= j, WM, = 1, B Sk AT T B i 4

k4, =X (4) Fion:

k k k
Py P 0 Py
k k k
p p .o p
= 2t TP | n=2PN ()
pfll pﬁg plrcm

M) S kN IE T M AN ET AW borda ﬁ“ﬁ?’?

P _Zp,,n 2PN, i AR BB
A I S U, (5)

pl pl e pl
1 2 N
Py Py P

g=|"* 2 | n=2PN (5)
pyopr o Py

Y A 38 5 RO SRR AU RO borda AR N
= (6):

n
pi= ) pfn=N (©)
k=1

SR G RRIE AR AU ZEAT 75 borda IIELR
K, HILE T 52 S s LA R B AT AR Y
A 2 AR AT AU R a0 AR SR AT SR R 5
[R5 SRR A B2/ A AR B, TR 2B AT X B
[ SRR KB (m) in—, F CATHSZ S A58 borda AL &R
B, A0 FERAR KL (m) B 2% 0V IR B K R R IR B
(M) F4 15 BT AR RS TE N — Rk, Bk
N (7):

pi= I‘Z(%X%)’ %)

(mie < Mo, 1 <i<2PN,1<e<E,0<6,<1)
ey A B L THR.
K1 AEEH R

AR & X
pi A7 i borda Nl &%
E AR BT I S 28R
i T LRI AT e R AR T AT UKL
M. W BEZE AR s B AL R B B AT N I B K

2
Rand

TR I TR oSt B IR AT B EFIALE (1%-100%)

B (7) mT g, AR AU IR R R EAT RIS
m %, H borda JIALREEE /D, [k 2 H borda I &
I T 100%.
A B Bt i K i 1 5 (8) ﬁ:ﬁﬁ/\ﬁi@w MR
LEH BT, *Eﬁﬁxﬁzﬁﬁj\ﬂﬁi%m B AT HE R IR
E FEARET '

n
Vi=pipi=pi2pf‘, (n=N,0<pi<) (8
k=1

Horr, pi 977 /i 1) borda MIFLREL, pi 9P A 0T 5
S ESAMRE T £ 2T borda PF4r. HHX (8) HI %N, A7 A%
HIERRBEEAT IR 2, pifdi/)N, borda VP43 I L
i EEAUBR /N, 2 e 2 R 5 a1 SEBR borda 147

3) REFTIE B FFE

KRIE L — @R 2 A RT, — A F %
RFIEFE AN PT. — A EERERIENSZT7 4 4
AT BRI EMETH . borda 1347115 borda il
WERBOHHE . ARSI 1. BIEHRERE R IL
USSR e Ll (050 43, 42709 AR TR A5 31— 8 FURS I 24T
PEERUE A e FE BOARERTT BG SRS P T RO AR
T RHAT I B R, DR IR AR T fe ik %
AEETT AT, R A K@ IS borda THEGEEAT A2
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FIHE A3 borda ML R FTHE AT LA 29K Y A
R/ BIETREAT N, P e A 2 m AR RN &
SRR T S AE B AR B Jm AR AR T
borda 34 Fl borda L R ETHE HA XA 7 377,

BAREA R FE R i 5% 1 fos.
51351, selectRepresentative()
Input: N (number of ordinary nodes), RN (number of representative

nodes), PN (number of principal representatives nodes), S (set of
ordinary nodes)

Output: S1 (set of representative nodes), S2 (set of principal
representatives nodes)

1) selectS1(S, r)

2) pvSet « proxyVoting(S, r)

IRV S A SRR

3) ForpvSet i

4) pvN; = addpv(pvSet")

IR RITE S PR I B R RUE 5

5) If pvN; = Legalpv ¥

IS AR i R T A

6) Slei .

7) End For

8) selectS2(S, S1, r)

9) Forx

10) bordaVoteSet™ « bordaVote(S, S1, r.x)

/1T 06 5 r—xfebordat 52

11) For bordaVoteSet™ j:

12) bvs;” = bordacount(bordaVoteScore”)
/fbordatt HETH 5 S jifbordafd 4y

13) End For

14) ErrorN; < ErrorN;” < Errorcounting(e, /)

I IR AT A
15) For ErrorN, j

16) p;.'x<— ErrorN;

/AT BAE S r—xFe i borda AL R £

17) End For

18)  For Validborda™(bvS), 0/7%) o -
19) vScore;”" < Validborda’ (bv$), 0 /)

1P B JTE S AR Wbordati 45

20) vScoreSet(vScore, ™)

21) End For

22) vsSort™(vScoreSet™, S1)

IR AR 5y R AT sU(SHIREATHEF

23) 82 < vsSort™

ARG 8045 53 HE 44 3 BUER B0 Y 2 BEARR T 05
24) End For

2.2 OERV #iRid7g

OERV HUE AL FR WK 4. e iR ARk 26
BRSO T jUEAT 0 2, — @Rk 2 WA CT
(cycle time), —/> FZARKEHH WA PT (principal

124 Z%i% % System Construction

time). A T HEATAS 5, WA HE A TE EERERA—
A, SRR EEREAAIE ML 1B B 28 5 0
RMEREAT I, B4 | R BRI LS IE
SPERREE, I B 48 HAb BT FR 2T A (T TR
G e MRS B RS 5 X g, EERERR
= T SRS 5 X A R 75 B LA A 14
SRR T 20). TR EE A 2 AR A (B
R BRI 3585 WA LR AT,
T 5 S B i A R (BRGA T L R OK TR
LHERUE 50%) HikH15E NS RSB TR T
70% EEARIE ) JEL AT H IR A A
FURR AR B SRS sl 2 A4 R R A0 5 1 45 A
BREH D NS (BRIEB T KT 50% 1R 31 5) [
TR (B R ERFNEBEAR) 5, THAH
M As, I %20 5 AR AT i

|—

T

=]
e
a5

H
&

[25]

[ REpm |

A
H

=
C WAERRARETS ) Ly

K4 OERV LR
%

OERVIEBURMIIL T HESAI 46 B i, £
BT — RIS, A O A 79
2 YCHEEE, i TR AR D, AT D,
B DA R B 0 L 5 P S R
SR T I ORV HURNUS. LA 15 2
SRR B2 0, £ R B VR T, 5
HOK 32 5 A5 A AR A T2 . 2 OERY F41R
BBt T A TR BT, PR o i
A HE, VBT 8 S R T A R AT
YR, 7E0R > VR A 0 L T LB R A A
A

3 R AT R S

T OERV F:iRHLHIR H 1) 2 Nano 4% 1K 2
DAG #3545 ¥ block-lattice. MK 5 K T id A1 4E
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i H AR SN A

T H A G A, BT B A8 2 3 n] PLIFAT BT
RARILZEEE 1 B BOEUE SR U5 T 79 /U H W 22 S B,
AT EGIMEE IR, 56 2 BB 7 m s
5,5 AR SRR REEAT N, G0 T
I R SR AR SRR AT R e B AN 2. 3k
PRI AR I PR I #5 SE 30k ok B AR AR T R AR AT
WIE T A T B AT Y B AR S g Rk
AT YRR, 75 980/0 38815 144 1 [F] I 3 5y R 40303 OERV
FLARRVE R SR AN T SR AR HEAT T AR 4, 25
5 900 UIF 7 B, TV FEAR, W7 LR BAD G O L A
AT B SE5 K golang 55 9w 'S, i go-libp2p J 5K
BT —ANNBUAT B 2%, ke A IR L 2 ECS iR

%31 (10 MRS 88, B IR 340 R 2,4, 6,0,

20 /N1 RY).
3.1 HHEMR &

X BB AR (R FIRR 20 S B e G M SR
AR, 9 TR AT M, itk s R A = X B IR K
A JIHEEFE AR 2 —. it & (transactions per second,
TPS) R 7 X I RFAP AL HL I 22 5 $ &, ] LAR 4T
I PTAT DX R X 2% 11 14 e

MK 5 ATRLE ), BEE A ECS IR LEE I
T ARG N, Ak oy B TR PR AT T R, (R AR
K PR 2E Sy LRk R I e P I, AN T EARAE G IX Pk
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