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Abstract The relay chain is a cross-chain technology designed to achieve interoperability between
heterogeneous blockchain systems. However, the operational efficiency of synchronous and
partially synchronous consensus mechanisms in relay chain environments is constrained by
challenges including liveness issues and network latency, making them inadequate to meet the
stringent requirements for high-efficiency and reliable cross-chain operations. While asynchronous
consensus mechanisms demonstrate superior robustness, enabling reliable operation in adverse
network conditions and supporting connectivity with more application chains, their current

implementations suffer from efficiency limitations due to redundant transaction propagation and

W B - 2024-12-20; 7648 & A B H . 2025-08-22, AR PEAS FIVL IR H R B # 3L 4 (No. BK20251888) il [E K H #R Bl2: 3L 4: (No.
61872006) % Bl . WM = 1+, bz, T4 0, s LA S (CCE) R4 B, T BRI 4k X B 2 g BAL R . =344 af
{51157 . E-mail: zpy@nuist. edu. cn. &35 AL, £ EAFFTA0E00 X Hub . BRFI .07 7848 . EBHFFT 40800 X B4



23 A 255 . FPAREEEREE h—Fh O o s B8 S5 A0 HHRL R 285

vulnerability to malicious node attacks. To address these challenges, this paper proposes an
optimized cross-chain asynchronous consensus mechanism (OCAC) for relay chain environments,
comprising the transaction broadcasting module and the multi-valued Byzantine consensus
module. First, OCAC designs the transaction broadcasting module based on optimal cross-chain
transaction matching. By replacing the conventional approach where asynchronous consensus
nodes randomly select transactions from their buffers, our solution holistically considers the
heterogeneous processing capabilities and consensus success rates of nodes during transaction
propagation. This optimization achieves optimal cross-chain transaction matching to eliminate
redundant broadcasting and enhance propagation efficiency. Second, OCAC designs a multi-
valued Byzantine consensus module featuring optimized proposal vector selection. This module
iteratively identifies high-performance node clusters with stable operational characteristics based
on dynamic performance parameter variations. By randomly selecting nodes from this optimized
cluster for asynchronous binary consensus on proposal vectors, OCAC effectively reduces the
required number of asynchronous binary consensus instances, thereby accelerating the multi-
valued Byzantine consensus process and improving asynchronous consensus efficiency.
Experimental evaluations demonstrate that OCAC significantly outperforms state-of-the-art
asynchronous consensus protocols including Dumbo, Chronos, TortoiseBFT, sDumbo, and
Dumbo-NG, achieving superior transaction throughput and reduced transaction latency metrics in

relay chain environments.
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OCTM &3

m/\%é&:]\]’ K? Z’ q, Q7 G’ Av B’ Cv Dy Ns Ly as
2% C;

© 00 N O Ul oW N =

e
w N o= O

14
15
16

17

18
19

20
21

22

23

double VLN]=NULL, W[N] =NULL;
int YLZJLN] = NULL; int ({./]JLN] = NULL;
/* T B ERETEAL +/
For (intj=1; j << N; j+-+)
double ¢, =0, ¢, =03 c; =0, ¢, = 03
For (intz = 1; 2 << ¢; 2++)
o +=Aljllz]:s e, +=Blj1l=];
¢; +=CljJz]s ¢, += DL 2]
EndFor
Vijl=c,/ s /* X (5) */
WHil=1 - (es/cps /* XD */
EndFor
Y < A2 OXN B REALHES B4 CR R 1 ~K 8L
ANEE)
/* Z ARl +/
double S, =0, S,=0, S, = 0;
double U[ /] = NULL; double T = 0; double
F=0;
For (inti= 1; 1 << /3 i +1) /* & 4 3
P/
double r = 0; /* JE S EFF T[] */
For (intj = 15 j << N j )/ i i 84
oA/
doublexr =0, y =0, s =0;
x = Yilljl; /* R 5 s */
y=Gla ] XV[jl; /% IFEE j A5 S b2
5 2 A28 gy A Y T ]+ /
T=T+ y; /* BIMEFA] */

24 s=QLalXWLjls /* WHEH A s AL
52 I o R B R 52 5 Kk +/
25 F=F +s; /* ZIMIPRINA 5 8e+/
26 r=max(r, y); /* BEFAGE i AL BERT
[]*/

27 EndFor

28 Uli]=r;

29 EndFor

30 S, < T/K; /*H 5 KA 38 5y F B i) ) #%
i [E] */

31 S, < (UL1] + UL2] + - + ULID/L; /* it
FF ) R R AP R 22 5 ) R T BT B
Ii] */

32 S, < F/(Q[1] + Q[2] + - + QLK ; /*
TP )

33 TR R T 3 +/

34 /xR A +/

35 C =< Call NSGA—II (Y, min(S)), min(S,) ,

max (Sy) » n, £ a) 3 /* F T LAY 3 A
NSGA-TFEIEIEA 7R A +/

36 Return C;

(DFIE VAN BEHLHES B, TR N
I~K 1M —i 5 , K8 o W EA RSP S
SR R B PEECOC R . il B R A2 )
LA 53 BE B ME— 15 (T 13~14) 6

(D ZFIEITE KA 38 5 B 01 Y 7)) R it
0] S, 3 B 40 S A0 HR I B 5 & ) R $0A T s 1)
S, KA 5y W U IR s D 36 S, DU AE I 2211
Al B A7 IR 3 (7 15~37) .« HP, S,.S,. S,
TR ENHBRLRE. MHAUMHTHERKDNZ S
353 TR L5652 20 R 52 5y 1 B 00 T P AT
). AR TH T WAL 2 St ), AR i F T
AU SR ) S8 8. r Tl sk —5E
BRI . 22y s 7 MFRIR S AR 5] 1 AR AL
Sy B I B B[R] AU SR R o A2 By Bk . Lk L
P NSGA-TT 5 1%, LI /ME S So i R AE S
PIsRAS e L 4% 28 &y VE BL B AL 5 IR M2 (7
38~41).

4.2 BRLHIAELEE
ARSCHETH 3 AR, B 0 R R

% B 2 PR .
Bik2: AR (LIS oD

WAZ%.C.rv S. X, N, f;

W SH: T

1 string W[N] = NULL, string 7] ] = NULL;
2 intx =20, 2=0;
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3 Po<~—<<CLrllil. F, > /= 1idi WHAE SBrp
$EW 5 R CLr L M58 5y At B 24 Sl Je i 4
% */While T7 45 i JRBGEIRE P,

4 Call PB(P); /* ¥ P, iy A3 PB, 5245 o +/

5 I PB(P)#ith o, /* o, /&K A PB, B4 */

6 W o

7 EndIf

8  EndWhile

9 While 15 8 2 S BT 8 1 o

10 If o, S UEF 5%

11 Wil < o5 /* Bl o, 24 150 ORI it/

12 rt++;

13 EndIf
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domain of consensus mechanisms in blockchain cross-chain
technology.

Blockchain technology, as a distributed ledger technology
that enables decentralized, secure, and trustworthy data storage

and transactions, has achieved significant progress over years of
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development. However, due to the high heterogeneity among

different blockchains, interoperability issues between them

present considerable challenges. To address the value island
problem caused by single-chain systems, cross-chain technology
has emerged. Cross-chain technology refers to the methods that
and asset interoperability between multiple

enable data
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independent blockchain distributed ledgers. The relay chain
technology is a solution that establishes connections between
different blockchains using a third-party blockchain. Tt achieves
cross-chain interaction through cross-chain messaging protocols
and mainly serves to connect multiple application chains,
providing services for cross-chain transactions and validation. To
ensure the security and stability of the relay chain and maintain
consistency and reliability among connected blockchains, an
appropriate consensus mechanism is urgently needed.

Currently, most relay chain cross-chain mechanisms adopt
partially synchronous consensus mechanisms. However, as the
blockchain ecosystem expands, the consensus burden between
different blockchains increases, which may make it difficult for
consensus nodes to achieve global consistency. This can limit the
number of application chains that the relay chain can connect,
ultimately affecting the overall stability of the cross-chain system.
In  contrast, asynchronous consensus mechanisms —offer
advantages in handling arbitrary transmission delays and network
uncertainties among nodes. They can more flexibly adapt to
changes in network conditions, improving the fault tolerance and
stability of the entire relay chain cross-chain system.

Asynchronous consensus mechanisms, such as HB-BFT
and Dumbo, are continuously evolving and have made gradual

improvements in throughput and latency. This suggests that

asynchronous consensus mechanisms may provide a viable
solution to enhance the robustness and efficiency of relay chain
consensus protocols. However, these mechanisms still face
challenges such as low throughput and high latency. Therefore,
there is an urgent need to introduce optimized asynchronous
consensus mechanisms in relay chains to improve cross-chain
interaction. This work proposes an optimized relay chain cross-
chain asynchronous consensus mechanism by designing a
transaction broadcast module based on optimal cross-chain
transaction matching and a multi-valued Byzantine consensus
module based on proposal vector selection optimization.
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Systems. The research results of this paper can enhance the part

of blockchain consensus mechanisms.



