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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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A F AR 5 min, AR SIBCIC, 5 A RIS Pow SEIHLA 120 6 S 4K, HE5 P T A%
SR,

R EEREREESHE

B HRAMES e REMBHE e BT LRy WT FRe MR 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  RBEANYELT Ay, REEBUHCEGLR By,
1 1440 4 10 1.2 320 5
2 10080 3 10 1.2 1516 6

24 MAETENRENEETRFEREE

HT PoW HRHLHI K X Bt R G0, SR 2T UTXO MIBHIAT M3 %, A KA P2PKH (pay-to-public-
key-hash) (IR 17, 22 53 BIAS Y 25 0 Pl 3 s, AR SCHE X BR85S Dilithium-Prime J&5 & 737284 7 &P
B4 RSE 2 240Nk 2 foR, RSO 45508 U S

/ \ # 2 Dilithium-Prime #5545 (n=251)
. . 2 At
X Hezz 5 (T t N RAE
2L 7y (Transaction) e 2t T i v
B g 7681537 7681537 7681537
. . FEREAES (k1) 4.4 (6,5) (®,7)
—— | fRBUEA B E A —t 4T g 2 2 5
TEAERAFE RS 3.49 2.96 6.10
NHRN 1288 1916 2544
AR 2504 3605 4801
—— | fEBEE BoEWA | —— BT 2504 3233 4511
K = - / LWE I % (121,110) (162, 146) (247, 224)
i L SIS SEFMERE  (110,100) (169, 153) (243, 220)
P i SIS 5 A A
< <5 SR AT (120,109)  (184,167)  (263,238)
' N
BB .

#AEFF: DUP

Dilithium-Prime {725 %

(3 233 bytes) HAELF: Hash160
Dilithium-Prime 28105 4
Dilithium-Prime A4 (160 bytes)
(1916 bytes)

\ #:1E4F: EQUALVERIFY
#:AEFF: CHECKSIG

-/
B3 X Heas o A g P

Dilithium-Prime Jj 5¢ /& /£ Fiat-Shamir with Aborts TEA )R At _E 52 H AR s B Ul 20 v 4 7 5. a4
T2 4 T7 &, il CRYSTALS-Dilithium, /1K 2 AR5 &5 # 2& power-of-two 43 [ 3. Power-of-two 77 [# 3
BEAERE T BRRASERNEW, BEA /N Galois #, X 3 MEMESE T €% % % %) Campbell-Grove-
Shepherd. Biasse-Song. Cramer-Ducas-Wesolowski S-unit 541X 14 ¥ ;. 1 Dilithium-Prime 18 F (12545
452 OpenSSH %5 ¥ i3 i R I 1 3% S AR NTRU-Prime! " AT 5| NI RN HUIK 2, [x) /(' —x— 1), FHrfin Fl g HE
#, Bx'—x—12Z,[x] PRI 2 0. ABE M 8 — 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 1 2B #osk R HACE S 74 10 R IR A ) R B0 E BB IR AL TR R
TR, [, WIS 18, 7E2 00 RS LA D ZE AR W B EE T Z 3R, 0T R Budiaxt T
power-of-two 73 [R5 1) % A4 35 2 WL STk [2,18,19].

Dilithium-Prime J7 S8 Z AT 7R, B E T o RACEHERE A FTH— RFVE RSB IR Z, h T
FI = AL AMIAL, SR — P R4 A SRS £ 0 &H I B0 E R AL 5 NTT £oR, 2 DI R0 A6 1) 10 7,
Dilithium-Prime 77 51t 7 H 80 b9 & NTT 503%, [RIN $10 2544 77 SR IRk 2 gk st 1 RCE B
1)/ 2 AT E Bk

FET MM 5 BT 4 T R EA R S T BRI () v 4 f& 1%, Dilithium-Prime 77 848X T- CRYSTALS-
Dilithium, B TR HEM ISR Z 4510, BHE SRt BAERS 2R T, FRJFHE N, B8 H T,
SR H AR TR it 22 A A 0T . DR, FE X BREE I A2 5 o R Dilithium-Prime JE & FHFEL TR T
RS % H A 1 Dilithium-Prime. KeyGen, 2544 5.7 Dilithium-Prime.Sign #1546 UE 7% Dilithium-Prime. Verify
X3 AN, AR ISE 1-5005 3 s,

BK 1 %A S Dilithium-Prime.KeyGen.

W ZESHY
i B AN (pk, sk).

01. ¢ «{0,1}>¢

02. (p,p',K) € {0,1}° x{0,17"* x {0, 1} := H(¢)
03. A € Ry := ExpandA (p)

04. (s1,5,) € S} x Sy := ExpandS (p")
05.t:=As,+5,

06. (t,,t,) := Power2Round, (¢,d)

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

08. RETURN (pk := (o, t,), sk := (0, K, tr,s,,8,,ty))

B% 2. 4511 Dilithium-Prime. Sign.

SN RN sk, TH B M
Wi &4 o

01. A € Ry := ExpandA (p)

02. ue 0,19 := H(tr || M)

03.x:=0, (z,h) :=L

04. p' €{0,1)" := H(K || ) /| BIEIIBENUMERR A hp {0,117
05. WHILE (z, k) :=1L DO

06. ye&! :=ExpandMask(p’,)

07. w:=Ay

08.  w, := HighBits (w,2y,)

09. ¢ef{0,1}* :=Hu|w)

10. ¢ e B, :=SamplelnBall(¢)

1. z:=y+cs,
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12. ry:=LowBits,(w —cs,,2y,)
13. IF izl > yi =B orrolle > v, -8

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=«k+I1
20. RETURN o = (¢,z,h)

% 3. WL 517 Dilithium-Prime. Verify.

BN AN pk, THE M, 2% o = (¢,2,h);
i WAEET G 1) BRI G 0).

01. A € Ry := ExpandA (p)

02. € {0,1¥" := H(H(p || t,)I| M)

03. ¢ := SampleInBall (¢)

04. w’ := UseHint, (h, Az —ct, - 2%,2y,)

05.1F ||z||, <y, —Band ¢ = H (u || w))and the number of 1l in & is < w
06. RETURN I

07. ELSE

08. RETURNO

NI 5 B N A A

W A5 BT S Tx B, BT Dilithium-Prime #0585 42 507, A F 2 % BRI 6 E il 48 75 1 1) 2 4R AT
ARG, A TEAREU A o A2 B Dilithium-Prime %54 sig, , KA BUNZE % sig, A pk, BNRBUHA . 72825
N INARB R AS i R o, S BAIEBAIAS ) Bk . 8 By AR, 23 ik 4 IX BB I FLAf 47 0, &N IR BN 5 e 2
X4 sig, BATIALE, IKAE 5 T IINAZ Gyt rh F T X B 285 22 QB B AR B WA SRV, AR X
B Block. X B 2 Hofb 15 md, HA S i AE W R X BS, 20 T BEATIAIE, 0 E RN i, A5 X B Block, 3EAT T —
A XA AR,

(A — SRR, SIS 3 %, 5 T M1 42 ) Schnorr 2 4 POV L, 255 44K FE B 52 0, TR 02 55 B A I
FEARAC, 1 B I IX HRAE RAE 57 R, 3 BORE X P [l 4 4.

3 RO

3.1 Mul-AuxPoW R£ 54T

2 AL B AR S B LRI 7E PoW [ SERE R38N T 5 0 ISR IR, SCREFTA 7 2L pL ] {3 Sha256
H1 Scrypt W& 7 bR U X BLEE VR N ACEESR AR 1SR, X T FRHLHE 4T AuxPoW THIX L AR T i . ALk 55
W LB A R B

() 51% B Xk

51% A BGE PR IR G E D 51% HI5 1, DA B4 i X HURE R 44, 3k 15 24 X BeAs 5 i Seds. e £
A Bh TAF S E AR R, S SRR ELRE A B 1 5 AR A AR B IR AL BE, M LLER PoW JERAL
A I T B I SRIR, Bt vl it 20 51% BRI TR B IR A, 11 PoW HHIRHLHIHEHT 51% BB S
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CLEHHIE ) 2,

(2) AR

WACBd R Fe B i 5 46 9 C e e AR . W7 2R I 5 AEH 17 sCEAT XL, T7 128 s X P it
1700 X, ZRIXYJEAT 8, 74— % KEXRT EMI G, B 52 5 M AT L. £ 2 055 L
VERAE BN B80T SRR, B B B R T AR BN IR B SR, T B 4y S T
FetE. BLAS EEERR ML, SR UTXO. WFIEIEE. 2 KA & 7 s B e Bt

G) B R EBERBESE R

Al LUR IAE Mul-AuxPoW FLYUS R FZAEERBE ST . FRESH MMM . 2 IR, TR
B Mk 1) X P S s 7 5 M P M $R 30 25 A0, SO TH B A5 Bl VbR el 45 7. X T X PR RAT B AE B
SR, W TS RIS A, R gl SRR B LRI, ACBE B TR SR RAIE A E LR, W 1E A BEUR
TR B T ACHER T2 SR Rl 45 T B, B S T RES R A 1R XK 75 A BB AR BN T B, W%
RS SR 5 AR CRAIE RS A 25 R (W IE T A, R 225 AR AT LR W R 90 i 5 75,
3.2 MEIEBELRREMON

Xof T LR TSR A B TR R, W R WA ) Bt — MR B Mo, 72 2N R IR R b E 7, ik
SIS S R, T PR RS, FEAE T — AN AN ). i xRy 2, BT ORI R AE AR R A B2 A gk
HHEN, BMERABICE R B AT, SN2 AR T AR, BN 2 SRR BRI R, 05 iR IX
T 7 2K B B B FUAth 2 i, SRATHER AR 2, (7 IRt 2 WD S8 /122 J8 30Tty e (], PRARAREME. S5 — Tz, 72
AT IS 7, Sz R 18], 1T 5 I B, FRAE N — A e B g, RO 5 o Pt 1], 7 B I
AL DA X PR 45 e, BRI g sCAR M X BT 7 AR 2, H 2 0o DX B (14 % e o PR 3 7™ EE S

T X5 T Mul-AuxPoW [¥1HE %S B0, G WIS ALHE W] LARGE B R, FEX W Bt o, SR Ao A
KISLHE A M I TAHRT BRI ALHE B 23 Ml BEAT 8 7 i S G 5. N THIXT AT Bt B 4 FhBCe AT 204

(1) S8k A FRELR/ B IR N 7). XM By 3 22 H IR AT ACHE 4 SRAF 58 20 o, (e M B2 i R B0k
o, A5 EEALEE A AN B ARFE— 8 LU, RSP S UUSLEE A 1 H b — MO K T ALHE B. AT LATE AQHE A IX PR
vh, FRERIR R T SRR BRI D BT B, TR IR — AN R AR AR A A 2

(2) Sk A RPN F1 B RN B 7). ALBE A FFERIINE 7, A5 50RE A H B I SR H Bt 8] ek
b, PG BT T G I SOBE A IAESE. O T X A, 2 AL BLX P A L, SR AR ALEE B

(3) A%k B FraLil/ > B B IRARI NG 7. X P B £ H 12 5 8E B A WE s, A REZERF LA,
A AE AW R AIC, TRORARIG NS /g, WY 3G Aok 225l Dy 7 3 G iX Fh ey, 7E S0 LB B AN W isti2 b HL L ey
B 1Y I, 55 B ALHE B AL B FRAIGRE S, (45 50HE B BRAICHE B RS 28 AN 7 1K

(4) 5Lk B FRERIG NG )1 B RN B ). BT ALHE 4 SRR 2 B0 MR, X T SR R s K, ArbA
S B IIX AR B R ANE AL, RO 2 W BRI EE B RICEs.
3.3 Mul-AuxPoW EEFE 747

Z AL BRI L AR R UE B LR Q38 2.2 A5 FT7R, FESLIRAT ISR ACHERG B T A [ B ) X HRAEAR, JFAR 3R
ANEFIA RIS F MERE D 5 FHE X PSR E H 5 AR FER) CoinBase 2 5 H1. CoinBase 22 Z1F N IX
P —2E2 5, FIH Merkle 4 B3, CoinBase P 25K AEAE 4, TR Merkle A4 1] Root 43 K A& 2, #E 1T 52
BEI X YL Sk i A 23 2038 1 SR A S BEAS A PoW iR, AN T

Hash(nouncethashBlockHeader)<Target,

Hdr | hashBlockHeader 8 /3 A 0UAE, 238 [J3 W6 A O 45 AW A 2 A0 [F), BT B H AE WAL BE CoinBase 32 5 H HI— 8
5%, 558 hashBlockHeader JE R ——X R &, i H AE T4 TAEEIE I —# 5, 7 CABARNTEACHE M) TAE &
UE B R A 2 3B AT X REE B D BB, 1 2 TAE =R B,
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T SR D 1 A2 [ SRR, LK (77 76 T [X 0395 45 M 25 o3 o, ELURBOATE P 25 LS 2.2 T 058 4 TR,
FIF Merkle # FIP R, 381E H /& &5 A727E T CoinBase %2 5 1, FE MR #E CoinBase fiT#E Merkle #4332, FIH SPV Jji%
8 Merkle Root {1 [X Bt Sk W 75 J 75 TE 0. S50 5 PO E T BREVIF I J2 75 3 S 0 B, B0 T4 11 BHIE W 0 2
XERE, BT H Bk
34 MEAEEAIEHESHR

S B B PTT LAY Sy 4 AN EBAY. B 1 B4R B b R, @ ;‘—§ BT AN X He 92T
18 BALERF 6 450 S L BACERE ) 1) E AR, SEARARAEL A KN A 2090 J 3 N4, TR T 1,05, 35 Sk th Bt i s T
L7 R 6, A e E 75 S 080 T L 42 S A TR0 SR/ T 1,05 960K T 0.95, 15 S thy et 6] 5 ) iy
BRI [ A2 T, b5 7467 14 B L 91 9 2 1 5/ T 0,955, 354 S Hh e T /s T+ Lt e [, A ol
TR DA Fs ] 2 B 88

5 2 WA LRSS0 HEHE L T DR, S AL X TR SRR 0508 4 3 1 A 0 2,
FRV e /INBE 10 S0 BRI B0 B K H A2 A 1t B LU, 1550 A FIALHE B KR MBI E 0 o e e, i ST
H9 1, BB BR LR E BRI, 77 B AN AR KT 1, W06k B BN 2, TR AL A 4
SN HERE XA B AR, (EL SR AR A T BB AT, O [, &), (ELRE KA R T B HO R, 4 92 LA 15
L FRAB AR 225 2 I8, AR EE 0 DTS, BRI 6 T A0 A 320 75 5 1 0 Tt B o 1550k A R A LA, 775
FL b e L — AN b A2 B [RVER. T34 (AT LT 5, 5 Hh AR o 5 A T 7 2K A0t B L 1 55
FRAEIRISE R A B, B R B A .

553 WAL T, ATy, Forbnt A 4, $R%L "x—'x AT B e NS 0 AR PR A,
B IEHE T BB A (BT S B LA, 24 ARB Bt e b b — B B S B, MR 40l S0k, SR 2, MEFE 251,
IR B A5 R 3 2 A TLA B 1 B A0 00 B RSO0, 25302 TN B s L R B A5 /N, o B A A 5 T
RS AFATE, MUK 2 502 I JUANI B R R A 16 B 62, 229308 T LN B AL AP K, B B 128
AT Al R DR M FE A T 8 2 R 5 TR A, BB, BRI 5 50 B M By, (7 . B S, B

B0 WA S 3 A AT R, 45 B e LA Rt e SRR . T4 TR T AR 1
SR PR EL RN B L. R R, TR 1 BB T 1.05, BN T 43> th el 7] 75 B> e
55 2 W4 555 3 WATRBIRANT 1, AT 3 A RBUS (N T 1, SR BNNERE; 5% 1 45
{B7E 0.95 55 1.05 2 7], BB I 5 A R, 75 0 A0 042 ) S0 Hh e ) 5 bt e, RS 76 B PV
MR8 1 HAME/NT 0.95, W J T Fshl B s bt 1) 76 TR INAE P, 1728 2 3000 5248 3 A T ARRE AT 1,
TR 3 M IRAUT (KT 1, S R A FEE . (RIS 28 W, 5 70 3 T 4 56 7 43 ) e ] /R
T S AR FFRAE, T AAIE B L 11 55 DR, 5 LR T 5 R VR S 1 BB 4

5 4 VT L MR SRS, VAR IL. 2 v, < Bow,, M, FURBRIX A2, 0945 3K 50 2 W 8 50k B
HOMERE. A TR L 3, < By, NI, — R AQE A B 758080 (303 b — W B A MEE T W), X s M L i 2%
KA A REPE, S0 B WIS, (E R AR 2. — A0k B KB SO B, WA Bt B, H 2 R
— W BRI AL B LI, B RANALHE A MR, (A 505E B T BCE B, 73 FIE £ s, IR LR R T R
HE B L, L AL B e G RO FEE, (ELJ R 2 3 B 5 S0 B A, 197 1k B A s 10 5 2 (L 2
Cow > LI, T LUK ALRE B K 304 5055 1 JO s, 57 R HOTE, S0 A MRS 1 YRR BN M 2, A28k B
HEFEE/NIE AT, 25508 Bt HGEAARF] 5 bl b, IR 5E B B2 AW BUG T e BEIR A, T RE M 300
AR, AR AL B R BN A e, AT K, MTTARAE R G % A k. T 24 5 A SR LI, 7504 50 A
HEFEE, RXTACHE A R AT HORE L, B 26 SR B A, A0BE B R BT at RIS R B0, Y B B4 o o e 473 e K, B
I I 25 TS S0, FLIR AL RE A G W B R, B TR B, A R 0 20 N S B B HEATH50, T4 F—
A, AP 2 VR B RN, BB AL T — R AL (T . SLA AN A, SLBE A B RIS 4 B A0
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AHE B MBI EE %, ALEE B L —B BOEEERIINATECKR, 5 U BB/ B FL AR TR R 5 S0 S, o)
F bR oL, FAT 1218 AR, A — 5B, L4 B IR &8I B, 2 MRHE Al A AR B2 R 8% B
M FEIRTEIEE. v, > Ajgw,,, HITEILISALL.

3.5 Mul-AuxPoW FIRHLHIFNZE 5 R 517

TE LA 7] 7 THT, B[R] B A DX SRR AR BT U] £, JRARMG A T 1 o X HE 2, o IXERBE ST mUIGIE £, #4) K.
5 Pow FLIRHLAI AL, Mul-AuxPoW FEiRALHI = ZEIGANTE ¢, Al ¢, TERR X B, FEGAHE. il
R R X AR TESRUE X B, 752X AuxPoW S5 M HEAT S0, (R TE SR AR, WA THEL ¢, X I [ SRR, T
AT (B AH LA AT L2 AN T BT DASE R 238 T SL 5T 8], (2 AH B T 3G B [a) o] DL 2N . 75 BB I, o,
H 1, o T BEXE AT 5y 1% 44 HEAT BOAIE, 75 22 (1 B 1] B 48 44 008 R B 00 A BF (1], 3 L 3 2 F R 2 Rt T I
&) I 5.

23 (8] 71, X Bk A8 32 bytes 1) AuxPoW M7 Fa 4. FANEIN CAuxPoW 544, H iP5 32 bytes HI4HB)
HBR A BE X Bk A A7 . 144 bytes HI4H Bl H B HE CoinBase 32 5, 0-576 bytes % Bl HI A2 8% CoinBase 32 5
Merkle 7 7, MARIEINT 176752 bytes {25 a]. #HEL T HLAS T 1 MB B9 IX B KN, SR II T 0.03% B2 8] K.
AN R JE BT X HUE VX B, an ik R 2 P &SNS HL, 84 KNSR 2] 3233 bytes, A4
K/NA 1916 bytes, 28 & 2% (A1 WL AR 1, N 1 3 X BB 0%, o X B2 (Al 25 22 30 MB. A7 EL T35 Mul-AuxPoW
LU B R &, FERALEEZMEI T 0.001% 25 7K.

R THPRE VEGT UL A JE B 44 X 38 5 B RS, ZER TR 5 THL, R A2 G A TR 30 A i, BEIAS R o R R A
B FEHFE A M A G RS S, HAp &2 ) 8] 3 2252 5, BT R Dilithium-Prime 2244, SR%E 5 2E
B TR AR

28 J5 16 LA 3 Fi7R i P2PKH A 5, fR i IAS B 3234 bytes FIZE44 F11 1916 bytes FIASHRIRL, 82 A
HERVERG AT 160 bytes 1A GG A K4 AR FEXT T80 JHI AR, AP 0 A 110 25 4 AR S FAsvl 225 IR 85 58K, AT T B,
S H Dilithium-Prime 5 44 % T2 [A] 200 5K, BB IG N 1 S48 5 75 [H).

3.6 FE Il PoW QN EEXTEL 4T

RS B X B R G R AE SR UXTO A 28K S B DA Bl W R Sk 1) (X B S it | AT i tse

I, AT LR TR 3R TS5 A 5%, TEDhRe BT X b, 4%k 3 Bios.

®3 HHAMAREDIREXT L

X et LR ALk SRS AT

ELA TAFRIERIGRAEE I (] 5 AR (R B R A I o 2 2 726 4 B
B 7l B A e I 3R B I s (] 55 BRI (A B A B A I o 2 2 726 4 T
AsCueit WBIT RIS H AR L. REEHREH  FE T KA KDilithium-

2SR B TARBAE GRS

N LBl REZA A SRR E R PrimeIE

FEFCIREEETT I, EURS TR IS 4y B AICA Sha256 B AR BHIE B SRENE, HRIE R A IEH IR LR Mgy
RT3 T 5 0 TR PG A5 BR BN Serypt (1 B A BHIE R HAREE, B0 kIR LR IR B P Sk A B
I RS ). AR SOV ABER I 22 SCHER B AR EAE IR S, SR TAERIEVIOR BRI g
A BRI, Fo VR Sha256 Al Scrypt I 7y bR K0R A BHIE B SR SR RO A BE ST A BRI 5 S0s. IR 1
SR, BETSE e 1 DXCRBE R 22 4k DUR SR ORI T80

A PR 8 5 T, LR T R SRR T8 3 — 5 Jo S0 PAY R R ) 5 A T £ B A5 i 5 AR A L, 3t i
HEMEPE . T A LT 2 BEAE LA 3N 1 AQHE 2 A JRYII) HH DSORGB o 7 S AL Y B L A
T EEAEE, W] DA S B 3t 3 8 22 S HE R B AT A MR IR S S AR, AT X B0 ey, et TRRER AR O R (1
AEEEMEE AT, i T ARG BRRRE L.

FERE A BT T, PR TR SIS T #8 R FRAMA [5 st 24 K326 40 S0, TR &1 UF AL AS T SR, X3 &k
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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 & T4 HIE N X ARG, B 5 4 4% 16 GB WAF & JIRS 8 T-17 L5256, t4h, it Python I
7%, FIF Docker 3 AR1ERE G 2 B 55 85 PR 30 AT 2 H T2 AIFE R X BT . AR SEI SR e .

(1) MERE R 3R 2 b 2 &S RN I IS4, IS BERVMET R4,

(2) MR¥E B AT ST L BRIAEE, 7 B NI AT Sha256 a5 BB EE 1Y /X 140 4, 3217 Scrypt Fa A5 BRI EUSLBE Y &
54N, IBAT FHETT A 5 A

(3) HFH CHHi5 S BRI I A8 B AR, 2 IR%s 38715 UM 45 IE {5 1B 2024 0.6 ms, 7 FE4 3 Mbps.

A% Mul-AuxPoW FLIRHLEIER . ME B BRI St . R G B T2 2 028 5 BRI R seik, Ml
RAG IR E PERRE.

4.1 Mul-AuxPoW {0

(1) Mul-AuxPoW Ft iR AL B

A S0 0 I B X BRI AR, AT 1000 R CREEEES), TR SRR R A Ee ). st e R ansk 4
B, AT DOLER SR ma A T o, o 35 LR R I 465 0K 22 BT [R), I8 5 SR TR 52 55 1) DX HRASA B[] 2, R DX HRERAIE T (]
1, AH LB & AT L2 AN T

T4 XHRGRE 45 B i) AL )

S X ARS8 7, HRPE AT 1, XH 1), XERESAIE £,
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

ARS8 MR X HO /N FHE, B R A CoinBase 38 &) 1 X B b5 25 (8] 58 2 B A IX B3k K JE . CAuxPoW ARk
KN LR AR X B/, s 25 N3k 5. 3K 6 Fior. nf L ZZ X T KA CoinBase 28 5 [ X 8k, [X HeskAn
CAuxPoW JLill 8 T =), BB Z I £, BB 2SI X HREEH W, XRZ 5 S FEa 0, Hin
CAuxPoW FLiR 2% [A] FF- 4 A1 X B Sk H-44 AT LA B HE AT

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

4.2 MWEIFEEERER

A SIS ALAUL R A HEAT B MU i X W AR e M, BT K/ BARS A 2 (hashrate) i AL, RIGERD T
WAFE RET, 1 kH/sy 1 MH/s 230 IR R R TT LU 10004 1000000 (RIS FE IS, B Jofa e AR Scrypt M7 B4
HIALEE B H IR, K Sha256 MaA BN ACHE 4 ME IAE— BRI S5 RIEsEm . KIoss . /N3
NIEIR/D 5, FHE R GURE AR S TR B 4 B, BT DAUESE SR HA B [ o 40 70 78 Ak S /b I 38, AR AR AR B T
AP A 21 10 3 30 DX [A05E L, 78 24 AN R DA A H Bt (). 28 S 1 R H i 81 5 s, SCE 4 Y
P 5 5 R ARG S, 1E 2-4 AN AL AT DR e B B 7E B ARE £ 4
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160 — R (s) 11.0
— AT :
B e 710,95
150 WA L.0s
I P
140 ¢
10.8 ~
= 130 <
‘0’ 14 A 1] ﬂ v E
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