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Abstract: With the development of quantum computers, public blockchains relying on traditional elliptic curve digital signatures are

expected to face disruptive security risks. A common solution involves the application of post-quantum digital signature algorithms within

blockchain systems. For public blockchains utilizing the proof-of-work consensus mechanism, ensuring sufficient computing power is
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regarded as a critical foundation for security. Energy conservation and the maximization of computing power support have been identified
as key research directions. Therefore, a post-quantum blockchain system featuring diversified computing power and autonomous post-
quantum signature is proposed in this study. The Dilithium signature scheme, recommended by the National Institute of Standards and
Technology (NIST) as a preferred and general-purpose post-quantum signature standard, relies on the security of MLWE and MSIS
problems in power-of-two cyclotomic rings. However, similar to the early adoption of the EC-DSA standard in Bitcoin without adherence
to the NIST-specific elliptic curves, the rich algebraic structure of power-of-two cyclotomic rings poses greater risks and uncertainties
regarding long-term security. To address this, a more conservative and secure approach, based on post-quantum lattice-based cryptography
with fewer algebraic structures, is constructed. In this study, a Dilithium variant, Dilithium-Prime, based on a large-Galois-group prime-
degree prime-ideal field, is proposed as the signature algorithm for the post-quantum blockchain system to ensure high-confidence
transaction signing with post-quantum security. To maximize the computing power support for the post-quantum public blockchain and
address the current issue of declining mining pool and miner income, a multi-parent chain auxiliary proof-of-work consensus mechanism is
introduced. This mechanism enables the request of computing power from all miners using Sha256 and Scrypt hash calculations to assist
in consensus without increasing the workload for existing miners and mining pools. As a result, the source of computing power for the
post-quantum blockchain is expanded, and the utilization rate of existing mining pools and miners is improved. In addition, a block and
transaction structure, along with a difficulty adjustment algorithm tailored for this multi-parent chain auxiliary proof-of-work consensus
mechanism, is proposed. This system stabilizes the block production ratio and production time across different levels of computing power
and effectively responds to extreme cases, such as sudden surges or reductions in computing power, ensuring the system’s robustness.

Key words: blockchain; post-quantum cryptography; consensus mechanism; auxiliary proof-of-work
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SeAh, WA S, Wk 1 Pron. Kb 3 1 A 80 B SECy 720, &K B A58 L PN ] 2 min, AHXE
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S KL, 0 S T A, P AT T VR 0 X B R (7. 585 2 L5 BRI BRSO 2016,
AN FRR Ry 5 min, AR K, 15 AR JUIIREIE Pow SEIMLE 0 A BE 2 Bk I, HE% BUTT -7 ol
SR,

R EEREREESHE

B HRAMES e REMBHE e BT LRy WT FRe LR B MBLR ALy
1 720 10 3 0.33 0.4 0.6
2 2016 10 3 0.33 0.5 0.5
S ERIE ET(min)  HREREAM 0 RES  EHen  RBEARMYELT Ay, REEBUHEGLR By,
1 1440 4 10 1.2 320 5
2 10080 3 10 1.2 1516 6

24 MAETENRENEETRFEREE

ZT PoW HRHLHI K X Bt RS0, SRAZET UTXO WIBIAT M3 %, AR P2PKH (pay-to-public-
key-hash) [ 17, 22 53 BIAS Y 25 0 P 3 7. AR SCHE X BRE 952 5 7 B2 Dilithium-Prime J& & 7307284 7 &P
B4 RSE 2 S 40nk 2 foR, RSOk %5008 T S5

/ \ # 2 Dilithium-Prime ##£HZH4E (n = 251)
N . g A ttegn
X 5 (T ¢ PN e
3L 2 (Transaction) e 2t T T v
B g 7681537 7681537 7681537
. o FEREAERY (K, 1) 4, 4) (6,5) ®,7
— | fEBA HEmA | —— i 5 5 )
TEYERAFE RS 3.49 2.96 6.10
NEARSE 1288 1916 2544
AR 2504 3605 4801
—T>| MRSEE YoEWA | —r— B4 RS 2504 3233 4511
K = - / LWE I % (121,110) (162, 146) (247, 224)
i L SIS SEFMERE  (110,100)  (169,153)  (243,220)
P H SIS 234 5
< <5 SR AT (120,109)  (184,167)  (263,238)
' N
A Bi5E AR

75 DUP

Dilithium-Prime {725 %

(3 233 bytes) HAERF: Hash160
Dilithium-Prime 28105 4
Dilithium-Prime 244 (160 bytes)
(1916 bytes)

\ ¥ 1E4F: EQUALVERIFY
#AEFF: CHECKSIG

-/
B3 X Heas o A g P

Dilithium-Prime J5 5¢ /& /£ Fiat-Shamir with Aborts HEA R Atk _E 52 H AR B ol 20 v 84 7 5. i
T2 4 J7 &, a0 CRYSTALS-Dilithium, {4 FH 1K 2 AR5 S5 # 2& power-of-two 43 [ 3. Power-of-two 77 [# 3
BEAERETIE. BRRASERNGEW, BEA /N Galois #, X 3 MEMESE T €% % 3% %) Campbell-Grove-
Shepherd. Biasse-Song. Cramer-Ducas-Wesolowski S-unit 54X 14 X ;. 1 Dilithium-Prime 18 F (12545
452 OpenSSH %5 ¥ i3 i R F A 5% SeAR i NTRU-Prime! " AT 5| N R HUIK 2, [x) /(' —x— 1), Horfin Fl g HE
#, Bx'—x—-12Z,[x] PRATTL L 0. ABE M5 — M R3St Cramer-Ducas-Wesolowski B+ S-unit
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Wb T A8 B o S50 43 [ A B 10 1t M, e 4h R B 480k i T i 4R 3k i 3 e Al D 0 B RIS oD vl AR+
WU B FES B Bk, B K Galois B 25 B #osk R HACE S 74 10 R IR A ) O R B0 E RR IR AL TR R
LA, [, WA 18, 7E2 00 RS L BRA B ZE AR W B EA T Z 38R, 0T R Budiaxt T
power-of-two 73 [R5 1) % A4 35 2 DL STk [2,18,19].

Dilithium-Prime J7 S8 Z AT 7 RAL. M EHFT o RACEHERE A FTH— RIVE RSB IR Z, hoT
FI AL, SR — P R4 A SRS £ 3 &H I B0 E iR AL 5 NTT £oR, 2 T g R0 A6 1) 1) 7,
Dilithium-Prime 77 51t 7 F I 80l f9 & NTT 5032, [RIN B0 2544 77 SR IRk 2 gk st 1 RCE B
1)/ 2 AT E Bk

FET MM 5 BT 4 5 R EAR S T BRI () v 4 J& %, Dilithium-Prime 77 848X T- CRYSTALS-
Dilithium, B TR HEM EBIBR Z 4510, BHE SRt BAERSZ2RE T, B AJFHE DN, 48R T,
SR H AR TR it 2 T A A 0T . R, FE X BRI A2 &) o R Dilithium-Prime JF & FRFEL TR
ZAE S U Dilithium-Prime.KeyGen, 254 8% Dilithium-Prime.Sign F1361E 5% Dilithium-Prime. Verify
X3 A, RARN B ISE 1-5005 3 .

BK 1 %A S Dilithium-Prime.KeyGen.

W ZESHY
f: B AN (pk, sk).

1. £« {0,1}*¢

2. (p,p', K) € (0,1 x {0, 1) x {0,1}*° := H(?)
3. A € RY := ExpandA (p)

4. (s1,8,) € S; x S} := ExpandS (p")
5.t:=As;+5s,

6. (t,,ty) := Power2Round, (¢,d)

7.tre{0,1)* :=H(p| t,)

8. RETURN (pk := (p,t,), sk := (0, K, tr,s,,82,;))

B% 2. 4511 Dilithium-Prime. Sign.

SN RNER sk, TH B M
Wit &4 o

A € RY := ExpandA (p)
uel0,19"%:=H(r|| M)
k:=0, (z,h):=L
p €{0,1P" := H(K || ) / | FIEHIBEN UM RSUAS P’ {0,111
WHILE (z,h) :=1L DO
ye€ S;l := ExpandMask(p’, k)
w:=Ay
w, := HighBits (w,2y,)
e {0, 1) :=Hu|w)
¢ € B, := SampleInBall (¢)

zZ:=y+cs

A N T A T o o

—_—
— O

© TEBREEEEIEDT  htp/ www. jos. org. cn



4516 HAEFIR 2025 5% 36 A5 10 49

12.  ry:=LowBits,(Ww — cs,,2y,)
13.  IF ||z, >y, —Bor |rl. =>v.—B
14. (z,h) =L

15. ELSE

16. h := MakeHint,(—cty,w —cs, +cty,2y,)

17. IF |ctyll = v, or the number of 1 in A is greater than w
18. (z,h) =L

19. «k:=«+I
20. RETURN o = (¢,z,h)

% 3. WL 517 Dilithium-Prime. Verify.

BN AN pk, THE M, %4 o = (,2,h);
Hr: AEET G 1) BRI G 0).

1. A e R := ExpandA (p)

2. uef{0,1P° == H(H(p | t,)| M)

3. ¢ := SamplelnBall (¢)

4. w' := UseHint, (h,Az—ct, -2%,2y,)

5.1F ||z||, <y, —Band ¢ = H(u || w})and the number of l in h is < w
6. RETURN 1
7. ELSE

8. RETURN 0

NIRRT IR

W A5 B#ATAL S Tx B, BT Dilithium-Prime #0545 44 50325, AN FH % BRI 6 5 il 48 75 I 1) 2 R AT
A DjRE. A fEMRBUEIA 4 B Dilithium-Prime 2544 sig,, ¥ AE R4 sig, FIAHH pk, ENRBUEHA T . f£ 197585
TINARDUAA R D, IR R EVENE. S5 R, 2T R e IXHUBE A HAR T AL, W IR B B R &
X244 sig, HEATIRAE, JFRAZ T Tx IMANAE it b T X HUEAR . 205 2 SR B AR BiE A5, AR X
B Block. IXH™ #i 45 HAB T 1, AT SRR X B, 2008 T BEATIALE, WUERIN S, 766 X Block, #E4T R —
X PR AIER.

E13 — 422, W 3 PR, 55T 2R 1Y) Schnorr 2544 POVSEAH LL, 2544 K R W B0, TR 638 5 AR &
FEARA, 1 B I IX HRAL AT 57 R, 3 OHRE [X B a4 4.

3 RO

3.1 Mul-AuxPoW R£ M 54T

2 AL B AR S B LRI 7R PoW SRR R38N T 5 0 ISR IR, SCREFTA 7E LR fF FH Sha256
H1 Scrypt W& 7 bR U X BLRE VR N ACEESR AR 1SR, X T FLRHLHIE 2 T AuxPoW THIX L AR T i . ALk 55
W LB A R B

() 51% B XSk

51% BB PR IR HIREE 2 D 51% 51, DOA 45 i X HURE R 44, 35T 15 24X HeAs 5 B, e £
A Bh TAF S E B SR R, S SRR AL AR B 1 S AR A AR B IR AL BE, M LLER PoW JERAL
A I T B I SRIR, B v i 20 51% BRI TR E B IR X, 11 PoW HHIRHLHIHEHT 51% B XS
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CLEHHIE ) 2,

(2) BAEBH

BB e fe B i 5 46 9 DAL e AR . # W7 2R I 5 AEH 17 :UEAT XL, T772 8 s X Pt
T X, ZRIXYJEAT 8, 74— % KEXRTEMG G, B3 SR MEATIIE. £ 2055 L
VERAE BN, 80T SRR, B B B R T A W R NI B SR, 3 T PR 4y S T
Retk. URAM S Ll AR, SRA UTXO. BRI 2 R A S sSIE T e Bt

Q) IR R EREESRE R

Al LUK IAE Mul-AuxPoW FL R R ip FEAPAE R BE S . THE S0 PR |, FEZ Bl iR, F 32
R B B DX Sk s 7 5 0 B A R AT 45 Sk, SR T B 45 B i A R BN 45 T k. XTI PR A ELIAE B
RPCH R, X THE AR 4 AHE, R 5| B ACHEAH B IR R, ALHE S I OORARIE A B LR, 1 & R IR
IR X T AT E A ROk B4 T8, Bk TSR A TR PGk A A EE S P B AR E, mRE
EABCCER 5 YRR CRAIE MG A 45 SR W IE A, MR E S ST R R g0 i 5 7.
32 MEREHEEREMSN

X T O TSR A B R R, W R WA ) Bty — MR B Mo, 7E 2N A AR R D B, ik
SIS P E], T PEARE L, FEAE T — AN A M A ). S X Ry 2, ST T DUR AR R ) A BE 2 T AN Bk
D), B IR AR O B A, IEZ A B O BRI, BEINA SRR RS, M S ARYE X
7 2K B B B FUAth 2 i, SRATHERATOR 2, R IR 1 2 WD S8 /122 JA 00T e ke (], PRARAREME. S5 — Tz, 72
AN AR W 0 g8 7, S el H SR 1], J3E T I B, FRAE N — A Ml B0, DR S R 0 e e [, 7 R
AL DA X P 4 e, BRI Ty sUAR XS BT 7 AR 2, (H 20 DX B (10 5 A PR 3 7™ 2 S

3T Mul-AuxPoW  F(XE 2 8 % 5005, A3 W9 28 S T DASR LS 70 Sk, 723X b Mot v, SCRTEA A 5182
KIALHE A M ITAHRT AR ALHE B 73 MIBEAT 5 7 i S G 5. N THIX AT Bt B 4 FhBCe AT 204

(1) S8k A RPN A ). XM Bt 3 2 H IR AT SCHE 4 SR8 20 o, (HEME B2 R B0k
o, A EALHEE A A B ORIF—E L, FES B UUBE A I R EL) — R R T ALHE B T LAFE AQHE A X M B
vh, FRERIR ST SRR R D 2 HIT I B, TR AR — AN R A X AR A A R

(2) S5k A RREIE N J) B TRIR A B 7). ALBE A FFERIINEL 7, A5 50RE A SRS i ELS AR HA B ] ek
b, P ST TR B I SOHE A AL O T S P, 2 R D B P RS SLIN, JCH R AR ALEE B
HUNT ZBH By, (A RALHE B B OB HBOR/> 3 0 I8, 2381 Rk b S HE B IR 2R e .

(3) S B FrEH/ L R ARIG NSy XA ety 32 2 H R SBE B AW HEREL, A BB B EL A,
A AL AN R AIC, TR NS 7, = W] R B A A1 22 5l Dy 7 e i X Ah ey, 2ESQBE L B AW isti2b HL S By
EI R e, 5 A AL HE B AL FRAICRE L, (15 50HE B BRAICAE B 1R USC 28 AN 7 1K

(4) RHE B FFERMINE ) TR Rk B 7. B T A0HE A (585 R 2 B0 e, o Tt P () g oKk, B BA
4k B IR AR T IR NG AL, 22 RS EE B R as.
3.3 Mul-AuxPoW EE#ME 247

2 SLRE A ) CAE SR B LRI W 5 2.2 PR, FESLIR AT AT A RER B T A R HE FE 1 X HRASEAR, FF AR
AR FERTVG A R M D 5T HEX LG A H 5 AXRALHE T CoinBase 22 5 1. CoinBase 22 5 1E A X
P —2E2 5, FIH Merkle B3, CoinBase PN 2K AR 1B 24, TR Merkle A4 1Y) Root e K A& 2, #1752
BEI X Pk i A 22 2038 1 JEUA S BE AT A PoW LR o, A xUan T

Hash(nounce+hashBlockHeader)<Target,

HAr | hashBlockHeader {8 3 A TUAR, 238 [J3 W6 A I 45 AW A 2 A/ [F], BT B H AE WAL BE CoinBase 32 5 H HI— 8
75, 558 hashBlockHeader T 1t—— X MoK &, 10 H AF 9785 TAE EUEWI B — &8 7r, v DLR R /E S BE ) AR &
UE B R R 2 i gEAT 0 REMERE D T EEL, kT 2 AR = IE FA.
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T B M D I ACHE X SRR O (R A7 AE T 8E XS DB S5 M350 0 A, FARIGIE 25 L3R 2.2 15158 4 fr B,
FIH Merkle MR, 36U H &R AELET CoinBase 22 5, FH ¥ CoinBase FT7E Merkle #7332, FIFH SPV Jiik
P14 Merkle Root 141X Sk W 7 2 75 TE A J52 5 TS0 UE 6 B VIF B 2 75 SR X B, th )74 T4 BE LS 2
MERE, B Th H Bk
34 WEHEEETERMESN

S FEE T R S BT US4 AN A4S, 3 1 B 42 b He R R, sl i 2—?, BT o A X B 52 bk
HE BT R RH A B S Bt 8] ) B AR, FEARIEAE KN A0 3 A0, KT 1,05, i B SE Rt B st [l g KT
At B 1), A A P B DA ) B DD S SR/ T 1,05 3R KT 0.95, 13 B S H Bt 1) 55 47 ¢y
Yo 7] 3 A, G RSP HH H L) B S 4 SR/ T 0.95, I S H B [T W /N T b B ], A e
TR /> DA% 1] B TR 14

B2 R P R A EE LA vT DARR G, THEL B ANME. X T AR B TRCOR I AL EE 4 BB 1 MR e i—
FFBE AN BT 1152 B AR B 751 S0 A 1 H B L, 55006 A RIAQEE B AR Hh B 0 o O, 0 e
91, B SRR LR R AR ], R B M B, T 1, BUMIACHE B RN E, R AL A
YN HERE . XFALHE B N RE, (H R AR T B B IS, BEA [, €] (FR XA i PR A, 24 S e 5
bR B AR 22050 20 B, 25 A P2 R 380 0 5k, DR A0 A 3 7 B 0 0 M0 M o 550 A O LA, TS
H b e Ll 5 — A bt AQBE B IR FE. T 30543 BB AT ISP 35, 5t B A o S 2K A0 B R B b ) 5 I
PRI R BB LB RECh B Al y.

B3 WA T, AT, , HrbxFA0eE 4, 155 xx—"‘ WAFR B -1 NARISE 0 AT BE R A,
B I T JE 0 e B L A P ST £ T B, AR B R L b — B BB I, MRS AR, R, M AN,
T B 25 P P B 2 5 0T J LA B8 A 17 1 R AR B . 257 30T T LA BR S A P B 5 /0N, 5T BR 075 1 o T A
SR AR, WX 5 580 L JUANBY B AR BE K R S8 1 S8, #5730 T LA B AR K, Bl BR 78
AT B B DRI gt B Ak T 28 25 A AR TS, BBk, B X 34 S EU . vy [7] . JEERL 6, WS

52 B 55 3 Ve TR R AL, 4y R ) H e L RN ) B R L PR A IR AR RS AR YRS 1 56
Gy F SR B AR /N P2 ) LA 3R DR, RS 1 ALK T 1,05, B3 T 432 Hh e i 75 S o e
M2 2 #5585 3 MAMTEBABENT 1, BN EENAETS 3 SRS E/DNT 1, sali e, Bk 185
{HTE 0.95 5 1.05 (8], Ui BIE 0] 3 AR, 75 22 B N 4 il QB HA B Lb g 5 4 ) W e 3, DRIEAS 75 B ke B Y
TEBESE 1 34N T 0.95, BLHH N T Fbi430 im v Bl i 18] 575 00 I e 38, T 55 2 3640 550 3 B4 I RBURRE R T 1,
AT BER 45 3 35 MBUS R T 1, S5 /0 FERE . RISt B, 76 Ak i AR IS, 1 5 75 S o)t e e R
T SRR R, T AIE B L9 5 e B A, 15 L 10 45 o A B B0k ) SR AR 32

55 4 F 4 VEE — SRR SRR, B R IE L. 24 3, < Buowy, I, FUBME IR AN 60, BG SR U Z K AL B B
(I RE. A PRI y, < Buow,,, MBI, —RALHE A S350 (SR b — B B HE A JEFE R, S b it 1%
BIIAQHE A HERE, A% B e FE BB, (HRAE MG 2. R ACHE B RN/ I, AR A BB, B2
— W B BARA B B AP, B BINAQHE A M, (E 45500 BRI EL S b, 1981 2 (k2 IR 0 BT R R
PERE I, IR A B B AR B R FEE, (LR AN 2 8 N B (R S0 B AR, 7 1E B A i R A (ELR 2
Cless > 1IN, TT DL ALHE B R BN 2505 A1 S, 45 AL BT, SO A M RE A 1 VR A e i FE 2 889, 506 B
S JE /NI R ARG, #5520 B MR TE AN E) 5 HebA b, BB 4E B S % N B T A HOR 2, T R ol o ik
UE R, 1S HE B R BN BT I s B, BT K, ITTARIIE R G Atk 6T 24 R A2 X Ffeis Bl i), AT9 38 AL 8% A4
MEFE, X REE A AN RIS, B IR BT, 8 B A sh Bt B4 sh, SR i) A7 i 1) 7 gl e e, B qar
B T BRI AS SR, RS HE A A B IE R, 07 TR EFI 1, RAXFHH NSNS B #7920, A T —/H
HA, e 2 B A TG 1K, HRBE B TS — R A BT RE. HABRIIE LA, SCHE 4. B RIS IR B e
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AHE B MBI %, ALEE B L —B BOE BRI INATECKR, 5 UK BB/ B LB R M TR R 5 S0 S, wof
F bRt oL, AT 1218 AR, A — 5 HESG, L4 B HIRME ST B, 2 WHE Al B AR B2 e Q8% B
M FEIRTHIEE. v, > Ajgw,,, HITEILISALL

3.5 Mul-AuxPoW FiRHHIFNZE 5 R 517

TE LA ) 7 THT, BT A) B R4 A DX SRR BT U] £, JRARMG AT 1 . XY HE e, o KBB4 s £, 14 K.
5 Pow FLIRHLAI AL, Mul-AuxPoW FEyRALH F B ANTE «, A ¢, TERER X B 1, HFESALHE. 7t T2
A FR X AR TESRUE X B, 5 ZEXS AuxPoW SR HEAT S0, (R TE IR AR, WA THEL ¢, X I (] SRR, T
FLAT (B AH AT AT LS AN T, BT DA R 238 I L 5T 8], (R AH B T 3G i B () o] L2 . 75 BB I, o,
H 1, v T BEXEAE 5y %5 44 HEAT BOAIE, 75 2 (A B 1] B 48 44 00 R B 00 A Bk (1], 3 B 3 2 F R Rt I
) {5 .

23 (A7 T, X sk i 32 bytes £ AuxPoW M7 Fa 4. FAMNEIN CAuxPoW 544, H iP5 32 bytes HI4HB)
HB A BE X B3k A A7 . 144 bytes FI4H B H H Q8% CoinBase %2 5, 0-576 bytes % B HI A2 8% CoinBase 32 5
Merkle 4 37, MARIEINT 176752 bytes {25 a]. #HEL T HLAS T 1 MB BB K/, SRR I1 T 0.03% B2 ] K.
T4 R JE R I HRE 0 X LR, a0 IE 3R 2 e SRR S AL, %4 KN =3 3233 bytes, A4
K/INK 1916 bytes, 38 5 2% (B B RAR &1, 9 T $ i X HURE R, ¥ X ELZS 925 2 30 MB. AH E T3 1 Mul-AuxPoW
LY B R &, FERALEEZMEIN T 0.001% 25 iR/,

R THPRE VEYT UL A JE B 44 0 38 5 B RS, ZER R 5 TR, T A2 G did A T 30 A A, AR R o R R A
ZEZ FEHFE A AR A G RS, HAp 22 W] 2238 5, 1T R Dilithium-Prime 2244, S4R%E 55 4E
B T AR

28 J5 1 LA 3 Fi7R i P2PKH A 5, R4 IAS B 3234 bytes 244 F11 1916 bytes A SRR, 8 A
FHERVERS RN 160 bytes (192 M A4 . FESKT T 4002 IR, AR BN AR 1025 44 0 28 BH o) 2 (R 4 5K, AR T B T], B2
H Dilithium-Prime %544 X} T 2[RI 2 0 5K, BH R 3G0 1 B 2858 &) =% [H).

3.6 E PoW N§EXTEL ST

RS B I X B R G R AE SR UXTO A 28K A S F AR Bl W AR Sk 1) X B B it | AT Wit s

B, IR N LU TR 3R TS5 A 5%, TEThRe BbAT X b, a0k 3 Bios.

R3 HHMABEIREX

IX ek LR AEY Tk SIS AT

ELA; T TAE R IL RS S H e 18] 55 bR I 1) B A1) B T Al o 2 3 726 B
EE i B A BIE I IR B I (8] 55 AR (R B R Il o 2 726 4 B
At I R 1) 5 H AR . REEHREH  JEE T KA KDilithium-

g DCBERBITAERIENBOREIL ) T e N R R Prime %

FEFCIREEFTT T, EUARS TR IS 4y B AICA Sha256 B TAR BHIE B SR ENE, 5 RIE R A IEH3 R LR MY
R SRR T 5 0 TR P A5 BR BN Serypt (149 B DA BHIE R HAR B, S0 kIR LR IR B P Sk A B
I RS ). AR SOV ABER I 22 SCBERH B AR EAEWIITIR S, A TR RIENIIOR Bk At L, A g
Ay BRI, SO VR Sha256 Al Scrypt I 7y bR K0 A BHIE B SR SR A A BE T A BRI S0, IR 1
SRR, BETSE vy 1 DXCRBE ) 2 4k LUR SR IR I 2803

7 A PR 5 T, LR T R SRR T E 3 S S0 PAY R R ) 5 A ] £ B A5 i 5 AR A L, T
HEMEPE . T AL 23 BEAE LA 3N 1 SQHE 2 A JRTYIID HH HRSORa s 2 DR o 7 S AL R B LA )
T EEAEE, W] DA SE 3t 3 8 22 S A B T AT B M IR SR AR, AT X S0y, et TRRER AR IR (1
AEEEMEE AT, i T ARG R R E .

FERE A4 BT T, PO TR SRS M #8 R FRAMA (5 st 24 K326 40 500, TN &1 U SENLI AN T SR, X3 s 4k
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52 P E R ASCROE I A BER FE % 5 & 122421 Dilithium-Prime HVEJFIERC UTXO RIS, i 2 IEF 1
DIRe oK, HHRIRTE 7RG o w4tk

4 STRWIE

AR CHHEF WL T AE S MBI TERIEHILIRNLS] . ME IR, 22 5+ M A Dilithium-
Prime J5 &8 T2 & HIE M X ARG, HIBE 5 4 4% 16 GB AT & JIRS 8 T-17 L5256 tb4h, it Python I
7, FIIF Docker 3 R1EEE G 2 B 55 85 F 3R 30 AT 2 H T2 AIFE R X BT . AR SEI SR e I .

(1) MERE R 3R 2 b 2 &SR N I HISH, BB R/MET R4,

(2) MR¥E B AT ST LRI, 73 Be NIZAT Sha256 MaAy BRESLEE T /X 140 4, 384T Scrypt Mo A5 BRI EUSLBE Y 5
5AN, IBAT FHETT A 5 A

(3) S CHHif S B S I I HURAR, 2 IR%5 381 MU M 45 IS IEIB 2975 0.6 ms, 5 %4 3 Mbr/s.

A% Mul-AuxPoW FLIRHLEIEER . M B BRI S . R G & T2 2 02 5 2R R seik, Ml
ARG E ERRE.

4.1 Mul-AuxPoW OISR

(1) Mul-AuxPoW F& iR AL B

A S0 0 I B X BRI AR, AT 1000 R (RNEEEES), THH SRR R A E ). seit e Ransk 4
B, AT DOLES SR ma A T B o, o 35 SRR I 480K 22 BT [R], I8 G SR 7022 55 1) DX HRASAR B[] 2, A DX HRERAIE T (]
1, AH LB & ] L2 AN

R4 XY IR GFEF 25 FH A LG

S XA 8] 7, HARPE AT 1, XH 1), X ERESAIE £,
FHI (ms) 10.52 120000.00 0.21 0.58
L (%) <0.01 99.99 <0.01 <0.01

(2) Mul-AuxPoW FLiR ML 17 fik

S0 MR X HOR /N FHE, B R A CoinBase 38 &) 1 X B k5 25 (8] 58 2 B A X B3k K JE . CAuxPoW bk
KN LR AR X B/, s 25 N3k 5. 3K 6 Fior. nf LMEZZ X T KA CoinBase 28 5 [ X Bk, [X HeskAn
CAuxPoW JLill 8 3 =), BB 5 1 2, BH 250 X HEE 0 5, XRZZ 5 54 = 22 0], $iigm
CAuxPoW FLiR 2% [A] FF 4 A1 X B Sk -4 AT LA B HE AT

# 5 HA CoinBase 3¢ 5 1 X He 2 8] FF45 A0 LE. A FR 6 7S EATRRNLFH I X Hezs [a] T4 A L]
e X Bk CAuxPoW X He SR X Bk CAuxPoW X B
23] (bytes) 80 176 301 %% [d] (bytes) 80 752 30000000
b X HR LA (%) 26.58 58.47 100 b7 XHRELA (%) <0.01 <0.01 100

4.2 WEIFEEERER

A SRS A A BE R AT B MU I X H B (R e M, SR/ ARA 75 2R (hashrate) iR, BIARRD AT
WAFS RE, 1 kH/sy 1 MH/s 23 IR R AR T LU 10004 1000000 (RIS TS, & Jofa e BAR M Scrypt M7 B4
HIALEE B H IR, K Sha256 MaA BRI ACHE 4 ME IAE— BRI S e R Ko/ /Mg 38
NIEIR/D 5, FHE R GuRE AR S TR B 4 B, BT DAUESE S HA B [ e 40 70 78 Ak S /b I 38, AR ARG AR B T
AP 2 21 10 3 30 DX [A05E L, 78 24 AN R DL A e HA Bt [a). 8 28 S 1 HE BB H i 81 5 s, SCE 4 1Y
P 5 5 R AE RIS, 1E 2-4 AN AL AT DR se B B 7E B ARE £ 4
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K5 SCHE A 5EBGE T ITPISRACHE s

A 2R, A2 BAR FH Sha256 WA bR BT A HE 4 5 1AVAE, SR Scrypt WA 4 R EU1 S HE B 5 IHE— BRI
JoJa KBS KOG IR, NS IS, T4E 2 GUR R H L 8] 40 5 SO 6 B, T 28 A0 HE s
J5 3L T iR,

43 NARETERNXSWELINEKIE

(1) BLH 5 12544 158 5yl B 43 #t

ARG R AZ B TR, HEAT 1000 WA 5, i+ 5844 FI7E 5 734 I AT EG A5 sz 5 SRR 7 Fias. m] DA
G IREA T 0.5 ms, (5K 5 LN 28.8%. J5 8 T2 4% Dilithium-Prime [ I 7E I 18] _E %52 54 50
BN, WANE 536 22347505 A7 S5 T FER ().

(2) BLH 5 T2 4 128 Sh A7t TH4H

AR S0 RN AE B, MRS 5 RS 44 [ 2% (R AEAi T4, S 25 Rk 8 FioR. TE28 5 R B B A A AR/ i 4
A2 Gy IR 3 25 18], BEAE R R A BS54 5 9% — e 251, 1] LUE HL 5 & 7254 Dilithium-Prime S 7625 ) I
X 38 Gy UK.
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I} 8] (ms) 0.55 19.09
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K8 ZLEL G E IS
S %4 NG| L5
¢ 11 (bytes) 3233 1916 5374
L1 (%) 60.2 35.7 100
5 2 44

ARV IF LB — P2k T 2 SCHE AR B AR AR MR AL AN S 2 R B s B T R A SR E R T IX
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i Sha256 Al Scrypt I 7 bR ) X BRAEVE 9 SCHE, X7 8EREAT IR, SRMLHI I 1788 1055 7RI, 2w
U A T3 R 2. BRI A AR LAR, S50t ) B mT ARG 52 P R S H B L 1) AR R R R [ F) e P
VL, AT DRGSR ) SR SRR A Sl AE42 5 o oR IR T F B U 1 Dilithium-Prime J& 7505254, Kk
Ul I B2 4 B I R T R R B B AR S b, SN T S R R T g A T SR e, g T RS EE
WA AT RSB BAIE.
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