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Abstract: With the development of blockchain, huge storage space is needed to store all of blockchain data. In addition,
data can’t be changed once it is packaged into the chain, and it may be possible for overdue data to take up large storage
space. Firstly, a threshold ring signature scheme was improved, and then a deletable blockchain scheme based on the
mechanism of proof of space (PoSpace) consensus was constructed. Most of nodes could sign and delete a block together
when block data was overdue, and the overall structure of the blockchain was unchanged. Several experiments in a simu-
lated environment were executed, and the results show that the proposed blockchain scheme has high efficiency in gener-

ating and delegating a block. Meanwhile, the deletion of a block doesn’t influence the storage and use of other blocks.
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TRS,,, TRMIBRAZ 5 e, %4 ¢ 584 T
o, WS BT, #— 80032 M BR AT
Ny AR .

xof HEAZ G B I B 5 O X A B AT 4, BRAT
GBS AL B, T R LT S

XY X Hi+1 XHi+2
4__| hash ¢, I I hash ¢, I I hash ¢, |<
Rk
4_:__{ signature o, |<;__::=| signature o, |< __:::| signature o, , |< ________
. { { . ¢33
\’NI transaction z, | ‘1L| T-ring-sig TRS;,, | ‘1;| transaction 7;,, |
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AT A M BRI mo I TRLE MR (795 R AR m
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MR, AEMIERERAE S I 4. (B —J51H, B
1o R T EUMBR X HRFE I KA, M 54 (K2
R, AR MR N T E . IR, K
BB LI RE b 75%, ATAEDRBE 224V AT S R
TRAETT S0

R, 5 4.2 T AT EL, HEASA S Bl
(RO BRI RE AN 2 A J A DX (R 454 o DX R
PEMI R Ie . TIBRIR & 42 WA ik T I A Hidls BT 6 4oL
o AT BAGUE ] 7 B2 44 1 B ROF AR R A
B3, PRIMZ X BT AR B Jim X R PRy B i PR
KFo. LHBIMEEIR, XPPEL TRK TS
i 12540 5 1T IR 8 44 A 5 1R A8 2 Bt 28 4
B, LAt R 2 ORI I 56 TR % Bk AR
S8 DCHRBERZ I B i

g b, AR P DX R BAT AN R A

1) AR 2B RS A RER B A7 I ER
o G R R B o T BRI G A4 1) sl AN 7T P 3 P T
K, D SR Y R A, AR T RN
I A RELE AT BRI IA 844, TRINASRE A e aE 44
FFERL IR, PIt, ASCATPABOE A IE I 1 TRRAE.,
A ORZE RN 2 BT P TR REM R DX itk ool
B ER .

2) BRMMERERAESN, ASBEXT X B L 5
o BB A K IR B A . AR T ]
R DB AR, RS X e A 5 I B B AN 2
Yy AR R LRI Sy, AT
e il WK XA Sy AR IFAE . SRl ) S
DB, s NS . MRS > e g, I
TR AR T, (HR LR A AR

I, DB A 2 s .

3) o i1 A DB R AR AN 52 i I Ax X R
MIBERL . JeUA R A8 S B i I B R A X
W o v, BT TITRA B T
TRS,,» HABZIEY T, MBEH THo,,
PRL AT ] 5 117 J5 X R PR R DG R AN 2 58 o
44 ZWHE

AT 53 908 DX B ) AR s R B B AT T L S
o J2019 AL T SER W4 WL BN 2.4 GHz Intel
i5 AhPEEY, 4 GB WAY, JELE Visual Studio Ultimate
TERMEET, AR CHHil S gnfE sl 784X B
BEIN, O ek O G K Y R(RE 44 20 il A SHA
(secure hash algorithm)-256 FIl DSA(digital signature
algorithm) -512 SEPL. LEMMBRDCHRBERS, ATHIZHE 3
I AT MR AL, b R S ) B 1) e EfE
RSA-1024 523,

4.4.0 AT ZEER 49T E S

ey 2.3 1HTIAR, 7E PoSpace JLIRALEHI T, #”
AT R W G IRA T 565, 1 SEAA
() 35 4 i FE

e RGE A 4 Fros i) 1 KL 348 20
AT R

K4 REHHE

WH 5 AL, Hhidh AL By C. D, E,
RO THACATAR M B O], TR & T A
AT AR ([ 1] SHA-256 28D, E gk
W] (R T AR B 5 54— X R 4 8 A ) ]
P2 B, 00 L Ieyk— IR A7 g A3 T
R HURESE RN B 2 T A7 i, FLAd AR A7 i 101
W5 AR HE A v P 4 R R AT O TS T A 3
M ARG RENL LR TR AR ST PR RS ARLINy, AN
AR A0 T 22 B0 S 2 A R A,
DU BRIFIR BE M N, R S8, AT RIS IC KA, ST
JERCT He A R B E . Horr, 5 A0 T
NI 4 A ) B AR IS LT T o
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EXE FEHE T SS -

LTI IBRIRRE A i m] B X e <79 -

PK,: CA22D0C6 , % Z A7 8 NTWisis
PK,: F3EDCC34, & ZArfif 11 AT,
PK.: 0650EE12, % ZA7fif 14 AT
PK,: 87A30060, ®ZA¢fifi 17 Misi.
PK.: 72DCOE20, £ZA7fi# 20 T (4

1766 o

FEAN TN — A2 RE I P 7] RS
MEGUEF VIEI B O 28 s g i, v
Z IR RATEAE T S AR5 25, i Ch(e,,e,, 050, ) »
M P AEHk, FR P IR[AI Ch AR AR S R
TR A B L RETO bR 281, DABGAE P2 54 2
W KIS AR AP, P IR [FIAH N B i N, VR
Bk . % 2 0% T Bk 5 20 TAEAR R Pk Ch R
F16y 225 [AF W e )

FH# 2 ATAN, ZEARIIPkAE Ch ~, P 11972 )k
K X5 VR BRAR F  N pRe , B 5 SR IR AL,
AP HE T 25 [AE W (1) PoSpace JLIRHLAIF X Heid
TRAL e R A T 7
4.42 FRFE R

U R IRAUS AR BT DX R IR
TH (hash FHO. B4 FHRIAL S TFH. JRIAIX
B 33~35 EERWIE 5 s, ASCUAXE 35 A
AT UL

) WEWI T, Bl g =hash(i,¢,.(p, .7 €.)) -
Hfr, =35; ¢, =786B38596DB4D9B772E732B7

453BBB4122C7AF6F, BIgik# XX 34 2544
T, #T DSA B4R (p.7i.60a,) FZENH
iEEﬂ':PE(JiEEﬁf%‘E\, pk’j‘jiam\&%/é\\@:jy pk,:

ey 5 2% T2 EE R [ ik 0650EE12, y, Aic Ik i H Merkle Tree % R 447 ]
B Qi3 0, Chefls67o, ChIB4319, CeI2ILT14 EERIIEY,  y, = d9350ef7422d90eedda82bdde90
Lo ISR16F 1310158160 07158161 7,0.13,10,15,8,16} cc2d4ab3defe513ec0ded960e59674bSedMa, ¢, A id
A 410ms 480 ms 526 ms 548 ms Vi 2 7 =% 1) Ik B e R b e 3 SR 36 A )k
B 325ms 386 ms 431 ms 456 ms i, BUEGUETH MR 5, ¢,=(0,7,8,16,13), a, /&
C  188ms 254 ms 297 ms 325 ms K T ¢, (PRI, B e, A it To0 e 0 b 28 {1 M 1
D 121 ms 185 ms 229 ms 267 ms BETG R B FR 28 A o % BB BHls 54T SHA-256 HL
E  65ms 129 ms 170 ms 193 ms HITHEL, BInJA3 2K E 35 R FHegi L, [P

X 133 X34 X335

fde3a9367bde84dede:--;

hash ¢, =6d82d276d54
3¢78be934933a9d131 -+ ;

hash ¢,.=45750854ba61
¢3752d6adab01a6622---;

signature o;;=

signature o,,=

signature o=

i=33; i=34; i=35;
o | | GOCIASE4TI0387EG (| [cs7mssEsoasooaize | | | | (=23204B1EA4F948C0B
690C--+; DEBC--+; 1010---;
€, =23374CA6B311DEC ¢, =9EA9D9BB6DDASD { =1DF2480B863AFFA
004ES---; ACEDAA-+; EF67A--;
\\ transaction T, \\\ t'ransaction Ty transaction Tys
=33 =34 =35
ctx: ctx: ctx:
(payment,CO12AES3, (payment,2FDD1034, (payment,226195A0,

(950D6388,91,6073925
CD72FCF79208A--+)),
(payment,950D6388,
D8353289,330);

(59C02846,131,B2EAIE
BD3975371AC628--+)),
(payment,59C02846,
7C4985E9,500);

(C0201DD5,79,1E1146F
D799696744A50--));
(payment,C0201DDS5,
45B02482,700);

Kl s

JRIRIX P 33~35 (¥4
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@, =45750854ba61c3752d6adab01a6622876daas8d37
49d128167ac86fdd27cd4fbf .

2) BHTH, WMo ={i,¢.,¢ ). Hrh, i=35;
¢ MR RIXHR 35 (2S5 1B 7, 34T DSA 25
% ft 14, ¢, =232C4B1E4F948C0B1010DB2BS
A3FB5C618AC4F04; & NI A 56 Hi— X Bk,
RIIXE 34 1254 1 HedtAT DSA 284 0ifd. LA E3
BRI R T X 35 24 T o

3) A, W ={ictx}. Hr, =35, ctx
5 50 XA H1E B
4.43 RIAM%R

e X HEE R, s 33~35 (X EfE B an
K0S . o, KB 34w iAo 2 1,
HT LGSR, B AT AT 2018
7 H 3 HIEBIER, SHZXEBSAT R E.
J6, HIXH 34 MHEREST] “201807037 BRI A
“overdue” FCIKH XX 34 H47 5 B 124
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DE”, A JlBRAT Axt R S m= “3420180703
overdue57B55F59A500212FDEBC6F92BC8B14F46
444BFDE” , JH4%IEEE 3.2 YRy edbsiik, Ty
Hom BRI A, 0 SRR JRUG RS 5 F

BRERGT BH ) H n=8, LT TIRIE N 6,
MAZ LA =2. RELH P EE5CHN
{R,P,,P,P,P,R}, L5 {R,R} .
WHRRIF 9 ITiEN: mo={n 7,7}, 7 ={B,
P,P,P,P,R}, x ={R}}, x ={R}, 13& 4
NP, o, o AT, H 0=6. I'THRH
B0 P T P AREREEAS RGN R m 1
1744, Forb B m B TR i RSA SESEEL, X
I PR B T 1A A2 il 2 SR IR RAEH o AN ST S X
1 024 bit [ FES4L, Bl N=BE192C23548573ACA5D
B62B 0507123210517D14D6E4D19CE0931BD63A21
2DB51E855FDFF92D461C9AFD62DBB6A825DCEB
3030452ECE1890D1050DCBDA4ASBSFE1462894A

AD22825C04DF4B164A49C0183466E5DC34C9B1B
B29E414C4F73AAC9508E9C1A6423D3BE7ESC067
D656BE928024619B2335EE29CBB39B81478BA512
Al, RIGBENLEE (1 +1)x O =3x6=18 %t 2 FA %]
(e,,d,) » VALKE AN R PR B 1m) BEA T TSRS, SE RIS
YRR BT E m A4
O; :(PK 1l a"‘aPK 1.6 ,PK 2. ,"',PK 369
p p p p

. Ll 6 1 6
loav[oaxla"'nxl ,xz,-~,x3)

T, xg,eexd  xh,ee,xd A 2 AABENLEL, 1E T 2
DI BT TR BN, 1T x/ -, x® B4
fEHFATT, B RSA SETP RS A A Refd 2.
KAt x| FEFIBATIE 6 iR, xi,--,x) KRS S
R, MAEARTAE N o

¥ ERREELS p IR, 43R A TR A
o=(0,,,0,), L, p=2""1b8=24.

MR 34 T SRR, X 33~35
P B 7 s

MBRERAE SE BT HE G, MZs A5 s Re
KT ZE A A TIUE, R B m Thid I X X
B 34 R G HAR N 584 TR A A AT
WP ECEUE, WSS IR, AT E s MR AT A ()
Btk

5 ASON AR ORI R X B 82 34T T 43
Mo e 4.3 5Pk, AT ELE AR B,
DARLAT “ TTBRFRAE AR “ 148 P Aefi s i) 7
DL “ B 2 AR KN Z W A E R X
3 mi, AFILAE QR R AR RT R T AR UE T 3K
2, o, SRS MR THE I ) 5 A 2 ) L
5, RN BRERAE FH BT, BRAE 44 BT o 2 ) )N
TR . ECL RS, AR SCEHCA R
fH, M “HHIBR DR [a] 1Ml 5 1 4 s e
te” X 2 A7 HEAT T I

W 3.1 W PTIA, N1 A R n M s, H <n,
(D)8 RGE i EAFAE N o RN, AT

6 ki X FREAT
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LTI IBRIRRE A i m] B X e

¢ 8] ¢

X33

X34

X35

A
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hash ¢,;=746¢f9c03561

hash ,,=6d8f2d276d54

hash ¢, =45750854ba61

" 690C---;

fde3a9367bde84de9e---; 3¢78be934933a9d131---; ¢3752d6adab01a6622---;
signature o;,= signature g;,= signature ;=
i=33; i=34; i=35;

{=6C1A564710387E62

(,=23374CA6B311DEC

Y]

(=57B55F59A500212F

DEBC:--;
C,=9EA9D9BB6DDASD

(=232C4B1E4F948C0B

1010---;
(,=1DF2480B863AFFA

004E5---; \ ACEDAA---; ) EF67A---;
transaction T, ~ N T-ring sig TRS;, ' A transaction Tys
=33 18D1,7105,FED7, s
6D25,0851,75A1,
ctx: ctx:
BCD1,47DD,C655,
(payment,CO12AES3, 3A51,6485,9BAI, (payment,226195A0,

(950D6388,91,6073925

CD72FCF79208A-++));

B7D1,A793,R4BS5,
ECF3,0083,38E1;1,
A7400C9FCO---;A779

(C0201DD5.79.1E1146F
D799696744A50--+)),

(payment,C0201DDS5,
(payment,950D6388, - 448C-+-099C+- 68B5
D8353289,330); ... 8F45..- A1BF 45B02482,700);
Bl 7 DX 34 28 S BAR IR R IX B 33~35 8

IR ERAE AR RR ZHONT U W UMRIE 24, %4
W N AR B, DL sz n=8, Kk
={1,2,3}, GVEBIMEES n—1={5,6,7}, £ 3 FI&K 4
G M ECAE T AN R B A T DX RN Bk (4] S 359 B 1) 640 J)
BRI (A7 i 2 1) ST 48 23 )y b

*3  TREEET XRMRE 0T E L
ENEN DX ) TS5 1 T /s DT J P25 I T /s
5 251
6 3.03 0.965
7 3.48

x4 TRBAETXZMBRAIFHFHEZERTE

=Gt
B A MR /KB BFEAXYYKB A
5 153.77 61.55%
6 73.7 400 81.58%
7 32.16 91.96%

BRI RCR L, KT 80%; MIEI{E N 5 I,
A oM ERJE 1948 2SR L) 60%. IAIE, BN
7 W, ECRIER A A A ] ROR SR, E R
DCPRFEI A BB 5 1, EARMIER X P kg
ALK, (HAY A A MACR A KA, HZ 5 kR
I RARS B D, BRAR T 5 R w4t 5%
FE& DX PR % (1) 22 A PE MR, AR SCREFE B 6,

mawgﬂw%ﬁwﬁﬁﬁﬁﬁéﬁﬂﬁzm
S A
Wz 5 Frow, ABELHIN 75%8F, A pli—

X B4 RERT 0.965 s, MHBRAS S0 Bl A4 T FRER
B4 RERT 3.028 so

£S5 SANAXREEELLHIA 75% 8T 89E X R

HIZR 3 Wl an,  DXCHR M3 PR~ 25 Ik ) 6 2 1
IR KTE N, =FHZ MW ZE KL 0.5, 4

5gm$&$ww@mé,wﬁﬁm$%m%ﬁc
g A4 T, MBI 6 A T, S5 MRS T

AP R X R At
X PRI BB /s TR X HRFERT/s
X He 1 1112 3.044
X e 2 0.873 3.027
X3 0.897 3.041
Xt 4 0.936 3.017
X s 1.008 3.013
S 0.965 3.028
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