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Abstract

As blockchain technology is extensively deployed across various sectors, it faces challenges asso-
ciated with the inefficiency of consensus mechanisms and the excessive consumption of computa-
tional resources. This study improves the DBSCAN clustering algorithm to adapt it to the decentra-

NEE|H: 2T, e T REEN PBFT FLRIAL T R S5 IRAED]. 8% SEOW S, 2024, 14(2): 1-8.
DOI: 10.12677/0rf.2024.142106


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2024.142106
https://doi.org/10.12677/orf.2024.142106
https://www.hanspub.org/

BT, P

lized consensus networks of blockchain, thereby enabling effective clustering and hierarchical
management of large-scale network nodes. Supervisory nodes are introduced to enhance the se-
curity of the consensus model. Experiments conducted in a simulated environment have verified
that appropriate clustering can significantly optimize the time consumption and communication
complexity during the consensus process. In a network environment with 1,000 nodes, compared to
the traditional PBFT algorithm, our scheme can reduce the time required for a single consensus by
26.7%, and in the best-case scenario, the number of consensus communications can be reduced by at
least an order of magnitude. This approach significantly improves the efficiency of nodes participat-
ing in the consensus, making blockchain applications more energy-efficient and effective.
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X HEE E 2009 FEBEAE LURE AR K1), EFEAATRIRET, 1R EET 2040 20 2% 45 R (Peer to Peer, P2P)
MR AARAEE RS, G6 THLSE, HRERMER G5, W T —MNEA R0, Aol EL %
e, R AR A R AU T O R, IUAE & B EAR 22 DG83

TEMHT X SREE AR R, S 3R nT IR S SRR BT TR B 3 o = Fh R BER A AFF X
Y5 (Public Blockchains) [2], FAf X Hufk(Private Blockchains) [3]F1 LA H1 22 AN Sz 3 [ 4 P 0h6 B e
(Consortium Blockchains) [4]. 7EFHE “-PUH” BHAREZRE B4R BRI, BURH] 2w 7 X e
B AR oA S PR A R B . RS B AR B g, SR B RER Y
LXEEAL OBRIIBE R I, JECRi %A, %, AR R R E R 6 L ETFRA X, 1%
RIGEALFE BT SE I X BB AR AT AR 2R, SR B AR 5074, DASHIT BRSO A TS FH bt 78
L Z T, BERISRAEAE SRR B RIREE B | IS5 R S5 LA AR R S GBS T e e M R A K R[5
B E IR S B PR R X BB R AR 1 B A Sl B AR AN S F AR R, DU AR BT 5 S B B HLES &

AT A X HE R R VR E R PRk [6]. Blan, TAF&iE B (Proof of Work, PoW)#LHl,
JEEAE ORI N 28 2o oL A R 22 VR D7 TR A5 B AR5, R HOGE BRIV AR /a0 Y FE AT 1 55 55U A K VR 9 2k
DN SCVE R R . AN, RS, REALR BT, BT AT S1% X B M
g9, AT BE B B R G 2 M. RS IE W (Proof of Stake, PoS)HL, ESRTE BEVE AL AR X BLIE,
AEA G5 X, XA REHIN X PV — S e . b4, PoS WLHIFERELLE N T il fe 2
FECCEETEET ME, AR 4 A B . T4 B K FE o R 25 4 (Practical Byzantine Fault
Tolerance, PBFT)5Hi%, ‘EAEANEE /D & S {EAF 1 AR R I R 47, H2bEZ SR s dEZ g,
HM S EAE 2 RIRBIONK, T S BOEE 8 KIE B RN A .

N T fEk PBFT SR SVATE R i LT TH R PR, SR AT N R (7115 % T 485 Bk i) 3
& T —MIEA T ECREER A E IR, H g B R DA RIS AR T A . X
FORGEM B E TS T IR, IR T BRI S I T R . ZRaRAE (8] [9FR H T 454 K-medoids
RSB W BT )AL R Raft BE L IRTRNS o SLJ7 ok 4 345 s 8 R Rl o0 s %, ARIE
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FABFIN SE, e 7GR MM At B [N, R T G A R A R 2% S AR
13 BE 7T o

ASHIT U I R e SRR PBFT 5 sl AT R4, AR 7 ALIA] 51N Raft L DU ST
IR B AL, MR T — 2 A0 )2 KBRS . 2 AL T )24 S B AR T R
AR A R AE A, I RS B ORI BRI 1 22 A ORI . A AR K B v T X B
FEFARTE 2 FEACRIT V2 (¥ 82 FH 3 55 P o R PR R AT AT 12
2. EEAIR
2.1. PBFT &%

SEFHFE o R 84 (PBFT) 5% Castro F1 Liskov 7E 1999 4E42 Hi[10], /& —Fh B 7E 0 A T H I 5% o i
PR HLENA — Bk B P ZFIERE S/ RO R AL R R BB =0 2 — i, |
f<(n=1)3MKERT, FRRGN AT AR St PBFT sy sy sidh i (. — RAE NI
F 5 fi(Leader), 5 —LENIE NS5 AT (Follower). PBFT Sk (3Lt 2 £ A =B B, BL
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Figure 1.Consensus flow of PBFT algorithm
1. PBFT BIAMHLIRRIE

TiHE# i Bt (Pre-Prepare): 17 s AEEOFIAIE 2 7 i R itk 5, 20— HERH 2, JIf
Rzl B 2 A W Rl E B A S TERITPEARE SR — A E— P8, HIT R RGORES M YE
FEIE RIUF o

HER P Be(Prepare): MY RUFEUSCEI 19 s O TRAE R B G, S BHATRLS, DA IR % BAE AR
AR ARPES BAELRE, AT RIS —EREE, RS RERa A, BFETNA
ANIA AT i IX— 2D RRE LB ORI 2% P K BITA 5 0 12008 3R A A BEE R — FEpp i

TR By(Commit): — 5 BRI 2D 2/ +1 (F IR AT BB R BT fE),  an BIX Sy B AT
PN H ARG % RSB B. R, R AN IAE SRR 3R 4 AT
2 R R 0 S SRS Al S SR 2, FRFEIRE B 2 f + 1 M R R RS, IR BFRAR
&(Committed), LI, BIAERA —AF ik 8] 7HREORA, 2 BUEWIZIER QG 3] 7 K2 50 s
BAIE R HE o

I IX = AN B RS PR, PBET BENSAEAF LT o5 BE R IR (K AN 58 4 W] SE 2% s il — B0k, i fil
R G TN B AR R BLIN ) BE RAF IR H I8 1

2.2. BAEZE

WL HI R 2R K-means [11].K-medoids [12]+ 3% % B 125 [ S8 8 534 13] (Density-Based Spatial
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Clustering of Applications with Noise, DBSCAN)Z: ., H - K-means 1 K-medoids 5551, #B/2 AR R
e RUFE LSO ARPAE 7 8] o (R BE B AR VAR A, SRIEBIZREM H M. K-means H0%JE T 3ME
RRBE, HAERIIRE Pk S R B DR R — RN — BRI R EYE - K-medoids SLIETRFE 1
K-means A SENE, 102 KA SEBRIO RV E Ry, TGN 7 XL S s, e T
REMMENTE . DBSCAN RIEIE T2 BRI R IRHFIE, RefgHk th il (I3 B2 X el o0 B 1) v 285 12 X3k, e A
HARITEAIRBGERE, TR i, (HR TGVEEAT Tse e e e .

3. &F DBSCAN H:xm9 PBFT FHiR#H
3.1. ¥R DBSCAN %

N T f# DBSCAN Sk IE B X BE R S S st, ARFTCHR T — Mol 77 %€ f£48 1) DBSCAN
ARV E 3R RIS AR, X PR T FLAE 4 2 X BB 321 S R g (R N o 9 T BRI A 1)
KH T —Fhgh 4 K-means IS EFN T 45 € & 10 /7B T 06 /4. 5%, R K-means BiE AT
FHE RS, DA KRB0 ARG, KHE 19 s R REAN AT )% 1, ol b2 B i th —He b0 1 A
KRR AR 3 k> 7 DBSCAN BUERITHE &, 1 HAg s 17 RBPATRIRE . Rt |,
DBSCAN Hy2:4 FH SRt 74 A K kAT A AL A 3, AR TSR ISHIMERG % o« MiB B FARRT, @& IIG
IR DA SE DR E PR RS . T RIER R T s M EE, RIS — S8 E
B, XM 0T SRR BRTEBCUNYE B, AR R AT BEALERE, MRG58 T 4% 1)
R AT A SEVE o IX S ) DBSCAN R RS R I — P S o de e Al i1 sgH 2 0, JUH R E R
SRR e SR e BE PME SRR 28 o s AR ST RRAS, B R T IR 4% R N P A

FITERBO A=A, i K-means RIS AT vV illAT 04, SHg—dh M EdE 4T
DBSCAN B A e 4oy i, AR AMAR I T -

IR 1 HGIPOTT SR WAV N K-means RBFILATYIS 4. fEIbidfEd, 45
B RERRE AT, KELIERE K NIRRT TR B R

IR 2. KT E ] DBSCAN 3. 7 K-means HE02r AN 240 P 4573547 DBSCAN &
o XD DA T B A, BROR TR SRR R

IR 3 GG E. X DBSCAN BEANEE 5 (1 7 ik AT SR B AN G 3F . @it 40T K-means 53
Hf E RS RUEIRE RS, W EE B K (i & ) IR I BRI & 97 . R, A A &R ()2 B AEEIBE I N
MERRIME, FHEATHBAIE, A HEBRAR LA E & A %

3.2. By PBFT iR#E

A RR A, R R AT Z A I A R IRAT AT IR 2, KRR B p Lo A %
M T R, AR A R R MR AT SR A TR SRR, U K ARl in
Oy AENEWRARTEICRERE . SOk ENRPLIRIRERE 2 Bo. N TR TIRERE S, ST
PES, BORIGRI—BuE, RIEAAAR, EEAHP R A a2 B A, BB RSk
T AT B, BT A E I TR 540 5 H G, FINT 57 R0 B R R

FEFRER B A 3 R .

AR 1 YIet. AR SRRELEMPARE S M BT 9 gt AT 028 IRSFIZSE AR K DI P 6 €
AN RN AL R T RIS AL s T A

DR 2. TIGHMSILR . TR RIS AR I R R A B I M EAT /. BT R ATTRIX
SERERIT R X R, 515719 AT — %8 PBFT JLRENE.
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R A T R RINZIX B CRUE I X Bk
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Figure 2.Improved PBFT consensus mechanism model
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Figure 3. Improved PBFT consensus process
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4. (hESLW

5 H e S R 2K PBFT LR B 54648 PBET FLiR &%, T LA e M Re 8 An gt 4T 404«
PR YR SRR 5 B RS R A AR IR TR X AN 5 T I B AT
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1) F—FIEIRML 1 S AR delay(v,,v, ) » Foth @ FoRTIERMS, @b, -, n T FHIRM L
HIEARTT S, W8N 10~30 ms.

2) BT IRFLA S AER delay (v,,,v,,, ) » $er | R THARFI, m 5% 179 0, BARMRE R,
5N 100~150 ms.

3) BRI S E A S RS T SRR delay (v,,,,v, ) FH m RoRE TGRS, m
FoRET A, BWEN 110~180 ms.
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Figure 4. Improved PBFT consensus time consumption comparison
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RSP S4I] (] A 447 ms AHEC 5454 PBFT 508, FLIRILHFEIN 4% 1 26.7%. AHX %4t PBFT HIERRK
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Table 1. PBFT communication complexity
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GrEe, BREEASTHARMLE 3 SANEON wK, BRI SO Ko B e TR S T 4 4
LR, BNEERECN 2n/K -(n/K -1), B K TR LE R A7 3R 4 Hol {5 80N 2n - (n/K 1) .
IR AT — R ILIR RS RECH 2K (K —1) , S5 TR 1737 S0R SR X 1% 2 s
AR, SERARIR, W REERBCI n-K o HHEAT.

Table 2. Clustering PBFT communication complexity
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Figure 5. Algorithm communication count ratio
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