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A Low-Energy-Consumption Wireless Blockchain Sharding
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Abstract Blockchain shows great potential in wireless network scenarios due to its security features. It
establishes trust and consistency between system nodes without the trusted central authority. However, blockchain
systems tend to consume a lot of energy, as many rounds of communication are required for consensus. In some
wireless networks, the limited capacity of node batteries can quickly lead to node power depletion and offline,
which can affect consensus performance. In addition, when the network is large, the huge energy consumption can
also limit the scalability of the blockchain. Therefore, a low-energy-consumption sharding algorithm for RAFT
consensus is designed to minimize the energy overhead in this paper. This algorithm restricts nodes to specific
shards based on their geographic location, thereby avoiding nodes participating in a global consensus. Meanwhile,
this paper also proposes an energy consumption estimation method to simplify the energy calculation of sharded
wireless blockchain networks. The simulation results show that the proposed algorithm is effective. The energy
consumption can be reduced by 98.36%, and the minimum error of the estimation method is only 0.4%.

Key words wireless blockchain network; RAFT consensus; sharding; low energy consumption

F A IR AR RN 71 T XCHE A E AT
J&, XIreItkEm RS, BAEPoerse
FFISE K BT BEckRe 7). R, XHUBEHAA BRI
B IWE AR KA B =07 30 tb4h,
DX ERBE S AR AR AT S8 {5 A L P thAT B2 5 e 2k
P 2 e [, IXHUEER) B H 2208
B oAt 4 2% A58, AR BRI IR A
IR 25

Wk Hi: 2023-07-11; &REIH#: 2023-08-12
HEEUH: U)IEAREEES (2022NSFSC0913)

DX R R AR I ARATLAR 2 STV I 2% FH A1 AR
A =TT I OL T BRI SRR . EE RS
RALHI B TAEEAET, B EM™ . S S
FEAEEY . b, RAFT LRV R EE AR
B AL IR RGN, BEIRMEES 1/2 B A4S
P, BRI 2 RV (n—1)2 DR AL n 8T R
Ao XERFEREX AR RK LM RA S T7.
PRI, RAFT A 2B E 2 EE KB =TT

e fasr: DA, g, BZNSEXEIEEIN, T X BEE N 26 77 T T 7T -

*IW{E/E# E-mail: gangsun@uestc.edu.cn



596 TR R

53 3%

B, ML EE A A RS sH, e AL
WX 2 R B BE 2 B 55 . RIS, E SR [11] A9 45 R
5, RAFT BJREFERE 17 S H 2P KiEs. W
I, BEEHAEH SRS RAFT LRI ML al 3™
RS

HAT, 20 B g o X s vl 4 ek 1] R
ARTB. SCHR [13] 84 7 — M T8 RS R
SRR, BT HEANS PRI 2 R
o SCHR [14-15] Wit T —FH T8 5 7 2 5 4
ENF 7%, RN Pyramid. SCHR [16] 2047 T PBFT
22 X 43 AAESE X o 2 4k o SCHR [17] 42
th 7 OmnilLedger, — Ml B [ 47 & 5 A 200K
A, 0] DAEAEVF rT A B S O F ORRR X BBk 1 22 4
PEo SCHR (18] Wit T — kA TR o &
o BRI, BUA HIRER 5> 0 B 7 AR X X HueE
(R A S O E A TR, A E T
B S WAk, Bk i R R AL X
UM L8 BT . FEREI R T, @SR
B M2 R SR e A g B, s
REFEM L RIELY 5ok E, WA WS T ZHA
RESCATIE M o BEAh, TRZRMZE A IR M DL A ) 3R
FRHLVRAERE, = REFEN X BLEE D) REAR 25 5 Ad 1 i It
ML 2R, Mmsemidtiitefe. Rk, A T7THRIELL
[X BB W 25 [0 1E 5 12 AT, 8 V)R E R THIKRERE M 2
BWED

AT — A A RAFT JER K AERE TS 4L
X B4k 4> B 8&v%  (Green Chain, GC) - GC 43 AR
PETCLR X HUBE WX 2 45 S BT B, B A R
TEHEAN Y B, R S 5 RN 4 Rl AE .
WeAh, ZEIVETERAN D RIERE AT R ST AU
LB 4 R — 8 .

1 ARGEE

11 GCHH
RSB SAL TR AN 4, TN w X
o, BTSRRI A R, JCZRIX B
A S RECN 1 GC B Ny AN
BN RAE x DA, A x,y, n il E:
xy=n (1)
I ) RAFT LR GC 2 Atk 1 s, Al
SIRCARH D 1) AR R (0K B R % X 3 1
RN y AT X AT R — AN A, X
BN IFATHAT RAFT 53R 2) 470 Fr k%

MU EENRRRT A B, Ay MEie

WRPWERE RN — N AR RS, IR
1T RAFT 3LiH, DUAR| 4/ — 8k
d,
() )
\ A A E e
\r'/ iR
-
st
| | 153

00000
ZYTEN I YR WY
a a 4

@ i O =i

K1 GCHhrel

MR SCHR [11] mT 5, FLRBEAE S Y R 5 2D
RO ER Y S EE VIR, Bk, £
GC 7 Fra, FLiRBEFE AT LA 3 /> J7 T P& A -
1) GC 4 ol A4 s LR s s fE e s, DR
AR IhE: 2) A5 b AT IR SE
By T, AT RRARGEAS B AE, AT BEAIG fRE
3) GC 43 Jri& ] LLBR il 44 40 v 9 B a8 AS T 4
DAY D A5 IR E

MR R, BN RO IEE R R A
dy (B dy>w) Bow (B w>dy) , XK
LKA KNSR, AT RTE, A3
BRI\ do>we 1M dy FI dy 2 [R5 2R A2«
_dl
Ty

T AL TR fE SR AR G, AR
P SCRR [1] FOSCHR [11] BT %0, d) A dy 75 93 9003 2
X 3) A1k (4):

d> 2

Pih

m«ﬁyﬂ (3)
Pyh _,
dr < (E) 4

Kb, Py Py 4y AN gy R oy v JE B RS T
By h NERER DRI AR E AR E, R
MR 1 B Fa $ o A s o N ER AR 0 FE $5 2L
Py N M A D) E, 2 RoR Tl vl WK EAE 5115
b (SNR) [H1H.



B4 1

PHER, 2. A RAFT HHRARAERETC LR X et oy i vk 597

HIZ (2)~ 3 (4) W55 Fr il R DR Z 1A
KAN:

Py=Piy™® Q)

1.2 ECS ffitAE
Sk [11] $2 4 7 — ik 5 RAFT JLiRBEFEN
7‘3?27 El_‘]:
Er =(n—1)(t1 + )Py (6)

R, 1 BoR FATEE I IE, 1, % EATHRERR Y
I 4E

W4, T GCoh, ReREFET A HRe
HIEAEZ AN EZ LR RERE. BT R 2
AN TR E, NTRIER A2
ILRH IR Ty, ¥ AE D) A P B,
GC 7 JreFE N :

Egec =y(x=1)(t3 +12)P2 +(y—1)(ta + )Py 7)

Kb, 6 RREAD T FAFEBAOE AT 1, o1
RSP TATEERR RO SE . T 6, B AT A ek
A2, PRIy EATHERS B IE 575 s oo
=L, WX (DK x B Any, RiE
K G) ¥ P, B yPry™, W15
EGC:[y_an(%+l‘2)—y_(a_1)(t3+t2)+(y—1)(f4+t2)]1(9é)
X E®) P2HE L, HEER, MU ERME
$ GC R /MAeke. B, FTFEM1L (8),
Bk B 4 ) 5 S I SRR RE A T 71k
MR STHR [11], B 3E o3 A £y AT AR A i % A
MIZEPERE, 4 1, 7T (9) R (10):

X B3
I3 ©)
y L
2
t4=12 =1 (10)
X n

HeAh, 6 BIMES 6 A MEMAIEE N, 24

T REE 0 ~ 70 Z 6B, & BB LE o A1 24 BOAE D

PR S R, o M, o 2R ZE

PR R, PR, 6 BOE AT DLZES AT, B A,
X (8) AL A

Egc = g—y;—y_(d_l)‘*‘”y_a 3P (11)

1.3 NG &
3 (1) IR H 2 A S BERE IO T B A

%, AUTAE GC U5 & R AEFE SN T /2y
4, NG HZ. B ADBEXRT y 20K
R SEO S5, 0 RIfe 2

dE [3 2
Poc®) 132 24 (a- l)y‘”—any‘(“”)]t3P1
dy |n n
(12)
’E [6y -2 Dn—(a—1
FEcc) _ |6y=2  ale+Dn-(a-1)ay nPy (13)
dyz | n ya+2

AR (13) REH I FHEKT 0, FH
6y>2, ala+n>(@-Day, HHAMSEE NIEM.
Bk, — B 3 (12) 2 — A 5 5 1 1 R 2.
M2, 2K (12) A OB, KHH y ER LMER (11)
RE R REFER /DN, R

37))2—%+(a/—1)y_“—cmy_(“+l) =0 (14)

X (1) A=Ak o, 7 LAk
ERAE, R—Mokig 2 B0 R 0. i
e a4 M () KREFRE x5y ifE, B GC
g R REREIR NI A . R NG BE T
5 R

YIUEAL dy, dy, Py, Py, a;

fIN: T REEH ns

WA (1) THERE

FHEA 1D W—FE (12);

FHA 1D W= FHE (13);

if 2 (13)>0, then

43 (12) =0 K15 K (14);

Fh . BeREEC/DBIT R N
2 MEEESHT

B 7 A IEERE, JLIRIIE. mrERAILR
2 IE GC 3 i B A RV I B R AR
2.1 FHAATEE

GC 73 i B ZE W] 43 PR o) o B — 5 2
Ao R R E, BT RN R I
ITHEAT IR, DRI R R M — A0 i B G B AT
5 TR SLR AE .

FRYESCHR [11] AT %0, RAFT LR IER v] LAF
TATEERS AN AT BERS I S 2 FRFRIR . Rk, Xf
THE—H, BRI R A:

Tshard = 13 + 12 (15)

XA, 4 A, BEA R (16) KHE. K (16)



598 HL TR A AR

53 3%

¥ fo ®om QBB THBEERIE, HAE5ZT A
EEMGEREA R, BaXT 6, S AMSE
ERMEERHEN x-1, H 6=Tx-1); R, Xf
T b, BRENMSFEEENGFERHE R -1, &
H ,=To—1). NEK/RTHHE, 7£ GC 7 Hh N=
1. BRRWHE, RAC A NEHEFANGERE
o Py 37N LR X HUEE W 4% R AN AT 2 TR AR
BRI, AT RALESCHR [1,11] 4520

logNTB

NTBC-NTBR+

1-P=f,
Pe (log,e) VNTB

(16)

BeAh, ST o IR RE, T RSHITRE
A AR —3, 08 RAFT $Hil. BRI iZER
SRR IEWR A LR R 15) #on, Hb @S
ty IRETTESRL, BInTH R (16) fi#fS. BRI #5.

Tcommittee = 314 +12 (17)

Ttotal = Lshard + fcommittee (1 8)

22 AHE
k1) SRR A RS 5540 (Throughput
Per Second, TPS) . HH 51/ A4 5 LR E A
K, B, TPS W] DL pH R a] i 5 =R -
1

fiotal

TPS =

(19)

2.3 HiQzed

SR e PR XKHUEESGR A 70 AR AR FR 3R R
BRINARUE i TS0k [11] 2R 3 T 845 B R
B RAFT GRS A0 TR BONER),  PIEA S
TE S T T AR IR etk . R

RAFT 1 50% KIS EE6E 11, 40 1 Al 4% 0 1%
R 17 s B H £ 243 2
n—1
f<{ 5 J (20)

BT S H W 2 B30, RAFT JLRf0E
PERI AT 2 L, B S B EORT 2f+1 J5, RAFT
W 2% B VE et AN AR BIER A, M ROE 2 4 R IR
B, MERKILIREFIE", Rk, A E n=21+ 1
BE— BT AR AT SR, BB R A AR
N Py, A4 RAFT MWEILIRS IR P WIRoR:

f
Pc= Cl (1= PRy PR 1)
i=0

XF ik GC 4y B G 1) RAFT M4, SRR
T BRI A, v AT A FIFE B,
A A RFEIT 50% 1950 Fr Bk 3Ll FHf
BARRFIE 50% M2 R mAEZR R R fR
R

HIF A MR A

7

2

PA)= > Cl (1= Pord) Penara” ™™ (22)
i=0

K Pgarg RAREEN 73 IE SRR, 4

=
Pgara= Yy, €0 (1-PR)/ P17 (23)
j=0

HHE A BRIIRE, A% B RAERIMARI:

2
3
P(BIAY= > CLL(1-PrI PO (24)
=0
HIt, GC 7kl a, BeMAFE IR A% N
3 (22) FI=L (24) R, KRN
T
Pge-n = Z C;_l(l_Pshard)iPshard(y_l_i)X
i=0

{y—lJ )
- |1
k(1= PR)fPY T (25)
k=0

3 BOASTREFMLE]

ESCHTR N R RIS, TR R LAE
A A AIER NI EEAR AR A, T
RART RN AR AN, ERRAEIE
W FREE R E . T IRER RS IERR
TREMLST, GC 7r R BUETE K d) 1FvilfE e
BT E 2= T AR R T &, Wt (3). B
U, &R A MIERAAEI A RE, AT X
ER NN PSS NS C NN TR 2N A 3 I
LA I — 1 BRI RERE I H o

BEAk, GC 73 Fr SR N T PRI TC 2 E B (R
5E, BETIETCLIE SR m RBE IR s SR 2,
BEBE T AR mIRE, RISK (3) Mk (4). (HEER LE
SRR R, IR B A 1 SR I R
W, ATEZE IR Ik ] 99% I LD F BT R, A
U, GC 7 B thom] DUARHE SRR 37 5t BT 5 136



B4 1

DiEM, S WA RAFT JCRARRERETC LR X Bk 2y 1y 50K 599

BRINZE, BEARTT S MR, ik — Bt ag
FeFebr
L sREH i M NETE T B IIES, iel,
2,3,y Anl N i AN AT jel, 2,
3,00 BN NERS T RERR AN, HXRN
LR D RN Py AR )1 — MR &,
MHAET 1N, RN T RERE i MR
MIZS 2T . Bk, AR T s BE R M 3
I ZE PGoo g KT 0 A2 (AE Prin s FRARZE A
SV NIRRT, JF AR B NI ARG
BEESEE/NOT RS A, AN N . %
AL ] AT 7R
minEgc
P,»,nl?
st.Cl:nfes; i€l, 2, 3,---,y
c2: Zac[n{] =1 6&lnl1€0,1
Jj=1
C3: PoC-link = Pmin (26)

b, CUAERITA 2 52 mAFAE TR0
A C2 WHIREAN F RBEFAE DR RS
TRl C3 BRI A5 BE M R I SR IR R
KT LERHIRN 5K

i T30 (26) T Ege B85 2RISR,
UEALLR I 45 Bk B I 3fe 13k 0 TR B2 B B i2oK
IR REAE B/ MU SR o

A H b I A B H RS it eR BN SR SR
N U BILSe, P, U), i 1] R 2 A% BT A 1] e T
LA :

U)= inf L(S.,P;,U 27
mgxg( ) max inf ( ) (27)

WX L@, P U)K T 6 MPIR T, FF 4L HAE
TE, XMEER U, 7T LG P bl /M i 7 aT
ATfR e SRJE BB RE SR TR U, TR A A5 1
FIAT SR Y AN AR AR R A 1) ) . B B DIR,
FLRISR S S R TR B AR, S FTAS 21 H AR ek K
AL -

A RUE PR ONS 3 2PIRINT

WIaaAL: BA% I E RR b et FI SR TR G UG

fOI' i%’fﬁy_(ﬁt € [05 19 2&”' ,tmax]; dO
dL(dcaPia U) _ dL(607Pi7 U) _

w ] 0P )
U(r) i N - ‘
R4 U 115E 36 [n]=1.6.[n]et0.13

FHR TR a

FRPE B B RE B e 4R G U(e+1)s
if U(t+1)-U () < &, then IR [ 7] 17 fi# s
else 4 ELIEA;
end if
end for
4 MEEMHE
AT E S RIE ECS J7 A NG 502 1 1IE 7 1t
FHEMTE: Hk, S5HAR RAFT &AL, fiH4
FAEH] T GC 73 AL B #6 7 TH B LR s b4t
BOUE 758 2 Fi R HE R R e, ik E AL
s AL T3 IR EE T A R . 1R
iR, HTEXELENSR. K CHELEKR
K 6G I8 A5 H B 1 7] G 2 X B EE M 45 1K) GC 41
F, PRI S S & KRR 2415 5 M2 KIEE
PSS s, R L R . o B AR R FE 4R
B o E K 28 A 2 K A5 5 M 85 i B SR B
Bk [21-22].

x1 HESH

25 fi
KN %IES ZRPAES
PyW 0.2 0.2
P/W 1 1
B/GHz 20 800
C/GHz 80 8
R/GHz 40 4
a 2.229 1.7

4.1 HRERMGEITETENE

4 n=20, 30, 40, F¥3 A EE y KIREE A
2,3, -, 7, BLE&AE ECS J5 ¥ 1 NG 5 ¥ 1)
T o

= (6) FTEN, 4715 fiECh 200 30 A1 40 B,
ST AR T4 RAFT W%, 16 K255 R
HILREERE > 5N 14.78. 32.78. 59.20 aJ (1 al=
10°)); MEZKEES T, HILRGEES A
1577« 3561, 6499 al, LRAEFEMEEAR, 2EHA
T8 T R 22 A K AE 5 B0 4 X B ) 2%
HABARMEE, Z05 B RTE 43 PR, A
M, BEEXHEE RB AWK E, H iR X
W R G A] LS 50 000 YRR/, S SR
HABUE I T A S ERE. KRNI S
BOREMRERE, Bk, PRI HEFEIE R B ) A
WL,

Kl 2a. B b FE 2¢c B8 THERHZES T,



600 T RHE A IR

53 %

SREE 2,3, THE, T RUECE 235008 20, 30 A
40 [ BRAMGTHRERE . 1 3a. 1 3b AT 3c AR
REZEREHELT, AR AR, 3/
B SR AT AR . WPIRIE S 37 R T &
SERORE, SCPREEFERNTIREREM Z IR, Beh
W®EMNN 04%, FHRZENT 2%, iE#H T
ECS 7y MdEmat: . RN, 52505 5 Aot sz ag
WU T 2K I BEFEROR AR 2Z T I BEFE KA
HEL.

el -
: ===l

1ot

= Vol

5 6 7

4
73
a. n=20

3sh PR
: A

5 6 7

4
aRie
b. n=30

6f e SER
i

5 6 7

4
Iy R
c. n=40

Kl 2 K#2a{5E5 T GC 7 A IfEe

gegh, R E R, T A N2,
EAFAE— DT R A DUEAS REFE S /N . FE K24
MZRPAF TN, LB 8 I/ N REFEXS B (1

REEY A5, X 4R S NG FA AT AL
iE, EM] SRR IR

160

-
140 | e {H{E
120 +
100 +

80

AEFE/al

60|
40t
20}

5 6 7

4
G e
a. n=20

. R
3301 = ]

5 6 7

4
g3 8o
b. n=30

700

600 = HUN(
[===RrNagc]
500
3400
ko
2300 f
200 +

100 ¢

4 5 6 7
AR
c. n=40
K3 ZKBEES T GC 4 ke

I JE, I RS B SRR REAN 2 R I
/NREFE, GC 20 W RERCR W LAiL H 98.36%, H.
BRI T R UE B S . X — 45 R,
GC 73 Fr TE o2k X Bl WX 2 o HAT BRI T REVE 7,
XiF B B A7 R 1 T 28 X 48 37 5 HAG W R W 5 /7.
4.2 BEFEXTEE

IR MEBEFE Y S dE L GC A S
Hofth RAFT 77 RIREFEHATAI LG . PR SR F
R [20] " Y Two-hop RAFT T & . N T Ak —K
PE, 540 KL, ARESEE T n=20, 30, 40 BT 7E
KGR ZRPEAT T FIIRERE. ANHF2E TR AR



HaW

DL, 5. 10 RAFT SLRAIRRERE LA X BGE ) )y 5% 601

W 4a~ K 4c fiow, ZKBCN B0 HL45 R anE] sa~
K Sc fizx. HoA Two-hop 77 % 1 #1 2 43 HAREA
[F ) — Bk AP Bk 1 g H . Y =20 00, R
L AREAR SA B AL H 3 A —BE o ihE
S AP TA TR 2REHE SA BT AL, &
AS— Bk R ERE 3 AP A 2 n=30 Y,
TR VRER S AT AL BB S5
S AP A HE2REH 66—k AL, H
oA — Bk S EEE 6 M Bk A Y
=40 iF, TR 1ARRE 44N~—B s, BBk
TR O ANk A TR 2MREAR S A
BT, AR S 7 AP

3.0

GC Two-hop Two-hop
HEROTRD TR2
a. n=20

AEFE/al

GC Two-hop Two-hop
V7 ST S I E )
b. n=30

AEFE/al

S = N W kA U N3 ® O

GC Two-hop Two-hop
% OHEL O HE2
c. n=40

B4 KZEfE S T RIREFEX L

350

300

250
=200t
¥
#150

100

50 +

GC Two-hop Two-hop
HEOFEL HER2
a. n=20

700

600
500
3400 |
¥
#2300
200

100 ¢

GC Two-hop Two-hop
TR OTEL O TTR2
b. n=30

1 000
900 +
800
700 +
600
500 -
400 |
300 ¢
200 -
100

fitkE/al

GC Two-hop Two-hop
% OHEL HER2
c. n=40

K5 ZREAS S T IIBEREXT LE

TR K 2538 2 =K AE 5, 3 M7 MR
FEWEA LT ME: M n=208, GC 7 Atk
/N, Two-hop 7% 1 REFER N 2 n=30 B}, fekE
wANTT RN GS 4y v, REREIR R TT =9 Two-
hop 7% 2; U TimiBH A 401, SRS 5% H
N 20 BFAHTFE . 1T Two-hop 77 %8 i) — BE AN 9 Bk 5
BB S KRED, KA E Two-hop 77 E 1 RE
Fet o RN ERRAEFMMIELT, feftimh
FIER R AR GC o F. 458K, GC 4
FEREFE T I B A B RAR S, IR T EEMAR
A



602 T RHE A IR

53 %

43 AR, FHEMLIRE SN

B, WE T R 2GR = K R S
T, GC 4 5 Lk Two-hop ¥ 7 % () 3t iR i
2, SERUNE 6a A 6b fTn. 3 Flir RAE KR
F 5 00T B LE X AL F as (1as=107" s) FU = 2%,
HZ KBS 5 B BB R R 2215 5 KA B E X
WAL, TR AE S %M, 2 =200, GC 7
F 5 Two-hop /7 & 2 K ZE — (/N Two-hop J5
ZE1; 4 =300, GC4 /5 Two-hop 7% 1 1
i} %€ — # /N T Two-hop 7 2; J i M H N
40 i, GC 43 KELS Two-hop 5 % 2 BN 2E—%
/NTF Two-hop /7% 1. X—45REW T GC 4> A 1E
I AE BRI

0.50 —

B GC &
0451 pom Two-hop H % 1
0.40 } =3 Two-hop /7% 2

035}
g I
= 030
=025}
X
e 0.20
0.15
0.10

0.05

30 40

a. NF2EME 5

. GC 5%
| = Two-hop /7% 1
== Two-hop /7% 2

FE AL /as

30 40
I H
b. K E S
K6 MFEXSEL

FR, AER KT TR KR 28 F =K i 2R A5
SIEM T, GC /A5 LR Two-hop il 7 RINH
maE, S5 RE 7a AE Tb iR . 5B ZESRAL,
GC i A fEA & W E Two-hop 77 R E B
[FE, 3 FhJ7 Sk i B T 258 H i 4k DL 5
DRI 5 I S — B, e AN B IR

X]OIX

‘BmGChE
= Two-hop TE 1
== Two-hop 77 % 2

30 40

a. Kifskfs 5
XlOl() i

B GC 5 &
mm Two-hop /7% 1
=3 Two-hop 5% 2

i i/TPS

30 40

K7 HrEst
BJa, PiE T GC oy 3170 i i i iR 22
Ak ARESCER [24] RN, TEXE AT,
AR T R L S E AT RN, SRS A
1) RAFT R (R s Dh 25 BUE #EA T X bl o X544
AR T X Tk RAFT M%7 B il e 1
fEE, Ret bR ERMEERNES. 51
SCRALL, AE A AR RE T SEEH 2 A 20,
30 A1 40 B AIIEAL . (H PR RKHF 28 F 2 K S 5 R
oI AE BB AR RO, AN 2 R s R A R
M, [RG5S R R, (iER
WK 8 AR, HIEIR T LR BLIEAS R T AT SE 1

I AR R T R A B AR 3

-10 T

_ 20
3
S as|
= —o— AN F n=20
e —a— R4 n=30
=0 53 n=40

—— GC /7% n=20
35} —— GC & n=30
—o— GC J7 % n=40

740 1 I I I
0.80 0.82 0.84 0.86 0.88 0.90

AT

8 T MR AR 2 Atk




B4 1

DL, 5. 10 RAFT SLRAIRRERE LA X BGE ) )y 5% 603

44 CNS RHLE;

T AECH 43N 200 30 A1 40 3 AL R,
TER MR ZKIERAE S THAT I . ERIE
R, WA R T S B R R LR R Th &
Pie-r KT 01 DA 52 10 5 /N F R B D 28 P R AEL 23
AN 0.9 F10.99. CNS RALEIEEW G S HMT
HI45 B 45 3l an ] 9a A1 9b Fios .

[ A )
10t == fib)E Pee,=0.99 — |
== )G Pge,=0.9 .

08 ]

0.4
0.2
0 1 1
20 30 40
WREH
a. NFFZEfE 5
120 .
mm ALHT
100 | === RIS Poe,=0.99 ]
== MG Poc,=0.9 ]
80
3 __
w60t
»
40 t
20 +
0 n n
20 30 40
HesH

b. BKUEE
K9 CNS b

RO, AR, T AT
KA SIRBL, NS AN MR 1L
M. 7T, HAEE RS, AR . X
SRR A HCE R, TR A B 1
s L2 B A AU A TR T
57, WTEZIR NSRBI, K
RSB BRI TR R R R R
Gort 45 ORI INRI TR GRS, T2
EAERE
5 #RiE

A T BT RAFT JERIOILAEFERL:

XERBEIS i GCo N 7 B 5 (573 v Ja (6 R
REAE, fRHh 1 —F il B (A BEAEAG 557 9% BCS. It
5, AT B/ME GC 7 I RERIE AR, BT T RE
/NI R AL, R R TR ) R
NG Bk, [, MER T GC 4 v HiEr
SCRMFAE A i AN T R R A R T
e, 4T &R B RIER L Ik CNS,
Pt — AR rERE . D A5 RAR W] GC 7 1EfE
RN To 2R X BRI 2 A7 55 R A7 I 37 5t

2 E Xk

[1] LUO H X, YANG X Y, YU H F, et al. Performance
analysis of non-ideal wireless PBFT networks with
mmWave and terahertz signals[C]//Proceedings of the IEEE
International Conference on Metaverse Computing,
Networking and Applications. New York: IEEE, 2023: 104-
108.

[2] NGUYEN V L, LIN P C, CHENG B C, et al. Security and
privacy for 6G: A survey on prospective technologies and
challenges[J]. IEEE Communications Surveys & Tutorials,
2021, 23(4): 2384-2428.

[3] LUOH X, YUHF, LUO J. PRAFT and RPBFT: A class of
blockchain consensus algorithm and their applications in
electric vehicles charging scenarios for V2G networks[J].
Internet of Things and Cyber-Physical Systems, 2023, 3:
61-70.

[4] XU X Q, SUN G, YU H F. An efficient blockchain PBFT

protocol  in

applications[C]//Proceedings of  the

consensus energy  constrained IoT

International
Conference on UK-China Emerging Technologies. New
York: IEEE, 2021: 152-157.

[5] CHEN Y C, LUO H X, BIAN Q. A privacy protection
method based on key encapsulation mechanism in medical
blockchain[C]//Proceedings of the IEEE 21st International
Conference on Communication Technology. New York:
IEEE, 2021: 295-300.

[6] YANG X Y, LUO H X, DUAN J S, et al. Ultra reliable and
low latency authentication scheme for Internet of vehicles
based on blockchain[C]//Proceedings of the IEEE
INFOCOM 2022 - IEEE Conference on Computer
Communications Workshops. New York: IEEE, 2022: 1-5.

[71 NAKAMOTO S. Bitcoin: A peer-to-peer electronic cash
system[EB/OL]. [2023-03-21]. https://bitcoin.org/bitcoin.
pdf.

[8] VASIN P. Blackcoin’s proof-of-stake protocol v2[EB/OL].
[2023-05-21]. https://www.dailyblackcoin.com/blackcoin-
pos-protocol-v2-whitepaper.pdf.

[9] CASTRO M, LISKOV B. Practical Byzantine fault
tolerance[C]//Proceedings of the 1999  USENIX
Symposium on  Operating Systems Design and
Implementation. [S.1.]: USENIX OSDI, 1999: 173-186.

[10] ONGARO D, OUSTERHOUT J. In search of an

understandable consensus algorithm[J]. Proceedings of the


https://doi.org/10.1016/j.iotcps.2023.02.003
https://doi.org/10.1016/j.iotcps.2023.02.003
https://doi.org/10.1016/j.iotcps.2023.02.003
https://bitcoin.org/bitcoin.pdf
https://bitcoin.org/bitcoin.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf
https://www.dailyblackcoin.com/blackcoin-pos-protocol-v2-whitepaper.pdf

604

HL TR A AR

53 3%

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2014 USENIX Annual Technical Conference, USENIX
ATC 2014, 2014: 305-319.

LUO H X, YANG X Y, YU H F, et al. Performance
analysis and comparison of nonideal wireless PBFT and
RAFT consensus networks in 6G communications[J].
IEEE Internet of Things Journal, 2024, 11(6): 9752-9765.
LI WY, FENG C L, ZHANG L, et al. A scalable multi-
layer PBFT blockchain[J]. IEEE
Transactions on Parallel and Distributed Systems, 2021,
32(5): 1146-1160.

ZHANG P Y, GUO W F, LIU Z J, et al. Optimized
blockchain sharding model based on node trust and
allocation[J]. IEEE Transactions on Network and Service
Management, 2023, 20(3): 2804-2816.

HONG Z C, GUO S, LI P. Scaling blockchain via layered
sharding[J]. IEEE Journal on Selected Areas in
Communications, 2022, 40(12): 3575-3588.

HONG Z C, GUO S, LI P, et al. Pyramid: A layered
sharding blockchain system[C]//Proceedings of the IEEE
INFOCOM 2021 - IEEE Conference on Computer
Communications. New York: IEEE, 2021: 1-10.

LI X L, LUO H X, DUAN J S. Security analysis of
sharding in blockchain with PBFT consensus[C]/
Proceedings of the ICBCT'22: The 2022 4th International
Conference on Blockchain Technology. New York: ACM,
2022: 9-14.

KOKORIS-KOGIAS E, JOVANOVIC P, GASSER L, et
al. OmniLedger: A secure, scale-out, decentralized ledger

consensus  for

via sharding[C]//Proceedings of the IEEE Symposium on
Security and Privacy. New York: IEEE, 2018: 583-598.
ol a, INE, T A IR R 4t A TR e
R BRI BT AR F F 4R, 2022, 51(3): 363-370.

XU X Q, SUN G, LUO L. Sharding algorithm based on

[19]

[20]

[22]

(23]

[24]

evolutionary game in the IoT-blockchain[J]. Journal of
University of Electronic Science and Technology of
China, 2022, 51(3): 363-370.

CHANG B, ZHANG L, LI L Y, et al. Optimizing resource
allocation in URLLC for real-time wireless control
systems[J]. IEEE Transactions on Vehicular Technology,
2019, 68(9): 8916-8927.

CAO J Y, LENG S P, ZHANG L, et al. A V2V
empowered consensus framework for cooperative
autonomous driving[C]//Proceedings of the GLOBECOM
2022 - 2022 IEEE Global Communications Conference.
New York: IEEE, 2022: 5729-5734.

ABBASI N A, HARIHARAN A, NAIR A M, et al.
Channel measurements and path loss modeling for indoor
THz communication[C]//Proceedings of the 2020 14th
European Conference on Antennas and Propagation
(EuCAP). New York: IEEE, 2020 1-5.

GUAN Y C, ZHANG J H, TIAN L, et al. A comparative
study for indoor factory environments at 4.9 and 28
GHz[C]//Proceedings of the 2020 14th European
Conference on Antennas and Propagation (EuCAP). New
York: IEEE, 2020: 1-5.

PHILLIPS D. What is Solana? What is Solana? A
Scalable, decentralized network for dapps-decrypt
[EB/OL]. [2023-05-21]. https://decrypt.co/resources/what-
is-solana-a-scalable-decentralized-network-for-dapps,
2023.

LI Y T, FAN Y X, ZHANG L, et al. RAFT consensus
reliability in wireless networks: Probabilistic analysis[J].
IEEE Internet of Things Journal, 2023, 10(14): 12839-
12853.

W oH OB 4


https://doi.org/10.1109/JIOT.2023.3323492
https://doi.org/10.1109/TPDS.2020.3042392
https://doi.org/10.1109/TPDS.2020.3042392
https://doi.org/10.1109/TNSM.2022.3233570
https://doi.org/10.1109/TNSM.2022.3233570
https://doi.org/10.1109/JSAC.2022.3213350
https://doi.org/10.1109/JSAC.2022.3213350
https://doi.org/10.1109/TVT.2019.2930153
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://decrypt.co/resources/what-is-solana-a-scalable-decentralized-network-for-dapps
https://doi.org/10.1109/JIOT.2023.3257402

	1 系统模型
	1.1 GC分片
	1.2 ECS估计方法
	1.3 NG算法

	2 性能分析
	2.1 共识时延
	2.2 吞吐量
	2.3 共识安全性

	3 委员会节点选择优化算法
	4 性能仿真
	4.1 能耗估计与节点分组
	4.2 能耗对比
	4.3 共识时延、吞吐量和共识安全性
	4.4 CNS优化算法

	5 结束语
	参考文献

