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Abstract: With the widespread application of blockchain technology, authenticated storage, as a core component, plays a crucial role in
ensuring data integrity and consistency. In traditional blockchain systems, authenticated storage is maintained through a series of
cryptographic algorithms, which verify transactions and preserve the integrity of ledger states. However, the advent of quantum computers
has introduced a significant threat to existing blockchain authentication storage technologies, raising the risk of data breaches and
compromised integrity. The most advanced authenticated storage schemes primarily rely on the bilinear Diffie-Hellman assumption, which
is susceptible to quantum attacks. To enhance the security and efficiency of authenticated storage, this study introduces a stateless hash
signature mechanism and proposes the quantum-resistant blockchain authenticated storage scheme EQAS. The proposed scheme decouples

data storage from data authentication, utilizes random forest chains to efficiently generate commitment proofs, and employs a hyper tree
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structure to perform efficient authentication. Security analyses show that EQAS is resistant to quantum algorithm attacks. Comparative
experiments with other authenticated storage schemes demonstrate the superior efficiency and performance of EQAS in handling
blockchain authentication storage tasks.

Key words: blockchain; quantum-resistant; authentication storage; stateless hash signature
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T AR AT AN X BBt A 2 B R A B SR S B, A5 R Merkle # 36 IE #6542, HIR MR HT I X ek fs BAE A
EBA.

PP BEAIE B A, 574 st AT DT M B AR B A8 5 2 75 B SEAFAE T I X B e RS AR TR UE W 471 s 3R (e T 1)
RAKFEEE, DU ZIRE B LIRS LR A A .

(4) BT IR UEE B : 32T s B BIE A 5, 1 a0 AT AR [ ) B X HRSk AR JE SR IRIEAE &) BUIRAS 1) 5e 4
P, B I8 IE Merkle B842 BUIR A 7KV, 2747 550 RT LABSL B 58 BT i SR RO B3 2 15 B9z ml &, 5 5 07 SL A Hh 0 (X e

(5) B RS AL 1 SRS UENE B S, a0 SRAGUE ST, TSR AR HUIRES, ¥ A 08 5 BOIRAS. SR 5%
TR, B0 250K R 1B 1 25 R, 90 0T i S5 At 451 AR I BB AT HAF B 25097

I X AR HAL, 25 s IEAS R 3 XS SR 15 B0 R, T IRAE 2 AR AS 1) S S R A e 8
33 BEnEs

TEPUET X REEVAE A R G0 BB R R g o, FRATTIR A2 09 U SE IR, FRRE B R T 270 mUEN
BIERIB . X — B ET LR LA TS .

() BN AEET SERIFEE D LI ER: BT 508 & SRR &, © 0176 52 48 10 X HUEESRE, L
RAFIX Bk B, FRARH A MRS SR I RDIR S & 0. BT 519 5 B0 5 B 55 R 36 45 AR AOIE W 3
W, HAS B B005E 5 5 B B8 (R 8% 70, B AT A ME— B 2 B CRUSCE 4 11 IR B0 00 B S PR A SE 2 1, [RIE3R
AT FAB B W SE I IRAIE 2

(2) A7 PR AE L A R AR (B AT S AR T A X BUBE 1A S AR FUIRAS S 2, JFRIE G A i 4 4 ix s
5B FAT. FEMLIE R A, AT SO URT DA A K AR RIR A, 38 B BT 51T s SR AR R 55 X P M A AT
Al e BN BT B AL B, — RIS AT S T Rl B I TR IE S B I . B SO A B e
MR EA R R, WEIR RGN e B A e A k. TR, 47 AR AR TR PRl e N AR I B

BT 2T A R& R FIFEE S, e85t X BREE V77 i i B3R B . %8 80T T DUR A & 1 Bl ok
TR IX Bk RGN 2 A, FE B Bae b, 4719 s T e SR DA R B F B

(1) Shor 53251 iZ B RE S B8 MR REHL, TR AR RSA S5 56 T KRB/ it 1 JL P A B B G A R o
AL DA X — 2ok O 3 470 AU R B 25 4, 330 1 N B A, T R M DR B AT .

(2) Grover 511" Grover i Al LIINIE % 204 A5 i3, 1405556 T 04 75 AOUEAA AL A0 2 4 k. IR 7
TR B T BRI RS 5 300G A AR AL 2%, 0 I S M 6 49 R0 471 IR [l B 1 B0 R 45 .

(3) HHE O IE BB (R B, ASAIE B4 s T DUBIE O 244, 33 1M A i IR JE i N\ = s, A
RY TR B HE 1 B, B IR X HUE 2R 45 1 e B P AN Sk

ShA S0k [19] 224 S, BATE R E A ST R P e T 24

E X 1 (PQ-EU-CMA). % SIG = (kg, sign,vf) RE T4 T E. KICE LRTFWF AP BRIEEA:



R S BT o F R R SR AE A & 4491

Succhiod ™ (A) = Pr[vf(pk, M",0") = 1 A M* ¢ {M}",|(sk, pk) < kg(); (M*,0") « A™"9] )

Hh, My, M, B ARTTE 4 Oracle BT R A 30K SIGN 1 PQ-EU-CMA A 22k 5E SUN: N [E N &,
W IREN g, KIPTH B TX TR BRI

InSec”¥EUMASIGN; £;q,) = mjx{SuccE}é’SMA(A) } 3)

4 MEFHSHXRENEFIES R EQAS

TEARTTH, EQAS FI A B X B4 FEVE D Ja o, 43 — MBS G2 (KV, VM, ID), Ho 9 KV FEtgSEE X,
VM AR S, ID TG B0 P2 5. 24 X PR A FE — A BB, 2% X P & B AE T (key, value), oA
BN IR — A S, BN 0. B TR, BN FORC [(7Z 1k DFORC, 4R 5 /44 EQAS I iH4H¥i. EQAS
HEZE L 4 R,

!
5 A E%g B N A AE
¢wﬁj<§§%%§&%ﬁ&%ﬁ
90000000 0000000 D000 DOm0 [
OO0OWEODODODOOD ODODODODODODODDOD OCDOODOOOODO
DFORC %514
{L FNIX ek
EmEEE

D et
I IR ] BT I T IE ] TR L5

Kl 4 EQAS HE4

4.1 FEHEHLFRMEE (DFORC)

LAY FORC 45 M2 5451, — H FORC #4158 i, FABATE A ik 3125 44 IR i1l 5T A < 3047 581, FORC 254 oA
S BEAh, BT FORC 25/ KM T R M, 2 R IR REANAR, MNZ 45 M WS IR R AR, 2R, TE A
X P, X P s FORC S50 702 T+ A8 Bk o, BRI A7 U 2 I 5 SR (X 1) BB 390 i e 28 . BRI, Gl Bl 245 b = A=
FORC & N — N kiR. S T X AN [ #, A SCHEH T DFORC (B A FEHLARMREE). /£ DFORC H1, FAITH F ek
W [T, TR A RE ARG IR IR RE AN, it E X B R — W AR R B, AR B A5 Z R 515
SR -9 55, SRJE X TS AT R AR AR, e A AR R IR B R T B2 R SR AN S TR M
R B R AL 1B AR AR AR A, RIZRE.

TEAE G X P AE A o, MPT 2 —Fh I 8dE 4548, F T 25 2 5 AR AE VEUE B AR AR 7. SR7T, MPT
SERII— N S ENTE TR OIS BRI, AR Z R K W B AT s (WG A {8, 38 75 ZHAT K2 MR 1/0
A, IXE R 9 MPT RIS A7t 08 0 208 SRR 135, T i s A% A1 AU T T 2 33 VO BB E Kk
Az AR SRR MBS BENAR M EE (DFORC) AR 77 22 BT BR A% L7 A, (H 541 MPT 54 A R &, DFORC
EVE L T BN RS S B AE . DFORC BRMRASAEE S5 M Ak 22 27 (VA 75 B, I S ni A5 B A4 il — AN B

A E T RUEAT SR, (E IR S A LA BN A7 TP T RS B, DFORC KR /D 1 X 48 OB 1 5 765K . BAR T
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5, RS R AR, DFORC R 5 206k 2 iR A28 590 e (¥ 798 2% ey A BE AT BB A4, 10 0 7 U B ORI 5N
TSk 383 38 G R TG O TT RN B S 45 /E, DFORC A 0 BEAIC 1 B4R 170 JHLA IR . IX AN 2 2 4 s 1 BERT 00,
PR T AT KA R .
4.2 ¥E1L
BT R BENLAE A R, T B A EE ma’ [ HAE DFORC H AR R 51, AR 5 A T A8 R W FIE B, Bt
TS WEHE 2. A2 EQAS 1] SK.seed+ PK.seed. SK.prf i ZRF 3 IRBENLEA: Bia% (BVE 2 56 147). )R, A F
key Rl SK.prf "R, 72 XA
R = PRF(SK .prf, Optrand key) (6)
Hh, Optrand 72 n ST FFF 8, HIGAM N 0, W DAL FEVERB AT 1 BENLAE ok BE47 B & @ i g I BENLE, R
AR, XA B TR NEESGE. R, BATHES B AR 5] idx, Bl md:
(md|lidx) = Hy,, (R, PK .seed, PK .root, key) (@)

Horh, Hi VEWLES 2.2 45, PK.root KUFTER I THZARTT 2 (W, et _sig FVEHRES 1-1447), md BIKTER m = [(ka+T) ]+
L(h=h/d+T)]+1(h/d+T)]bits. RIFIEFE IS L (B 2 WEE 5-7 17) ¥4 (md||idx) Y755 R md’' ~ W HuYE idx tree F1
HFE5 idx_leaf, 2 m, T T key B B md', 755 m, T AT REER my 735 HFH- 73 EER
31, 8 m = my +my +ms. BEENGE md’ P53 Bk A log(e) S I FF R A ez 51 04 idx[k), HoHp k /& DFORC M 4,
BT AR B idx(k] = [2,5,7,...], X k DNR B R S DFORC &S sk. BAASKEHL, 28 1 &5
IEREE 1AW IEE 2 A sk 58 2 ANEREEE 2 AR R IEE 5 A sk DLEHE, 5 — AR S1E SR 5 — R 1
5 idxlk— 114 sk. BlJG, 155 key SRR I INE] ID .

Bk 2. WIRfk.

N key;
Hith: md', idx_tree, idx_leaf.

. SK .seed, SK prf, PK .seed < Random(n);

. PK.root « ht_sig() (JL ht_sig FHIEHE 1-14 17);
MRIEAR (6) EKR;

MRAEAR (7) £ (nd|lidx);

. md' 2 (md||idx) HHT | ka+ 7] bits;

. idx_tree )9 (md|lidx) 1 T K | (h—h/d +7)] bits;
. idx_leaf N (md|lidx) JS T ) |h/d +7] bits;

.returnmd’, idx_tree, idx_leaf

0 9 N L AW~

4.3 FAIEFNIERA
43.1 ADRS %

ADRS 77 KM — H AR 1) 77 3%, BARR A BRAE 79 0L SR [30], BT - s AERR G A T H 5 SR i
e X FAR R, A S PSR bE: 55 1 ARBH T P4 WOTS+ (BW) 7 Z R IR 3L, 5 —F AT
4 BW A, 28 3 PSR A T h Merkle B (WG 75 BB 4, LAK 3 —Fl T DFORC BB (G 75, f g —F
M F K45 DFORC FIFR T 55, Wik 5 FR, layer address 11 i fE B 1 @1 B, X JZ HIH, layer address
N 0; tree address K78 IR A2 IR 51 0 FF4E, 5 s 7R R AL E ; type Rk f28 8L BW mG A hdil Dy 0,
BW AL 1, W75 Bty 2, DFORC Hhik Ay 3, DFORC B AR £ 46N 4; hash address 8 (% 1) H
Hit; tree height K71 fi7E DFORC H & B ; tree index [THE 7 s07E 28 4.3.2 5.
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layer address tree address

type hash address tree height tree index

5 Hhhlgi

N T AT AEASCH AT R B DA RS A B, A1 TRFE I H &, MET 5. XEH &2 BW_hash,
BW_pk, DFORC _tree #1 DFORC _roots.
432 ERUKH

dforc_Keygen(PK .seed,SK .seed,ADRS, idx, s) — dforc,dforc,: 1% 50 R A B DFORC A FAEHST, PLAFA
R T PK.seed, SK.seed il ADRS « E 5| idx FIFIEE G| s 1E AN, 45E W IR SR &, MR A SR A
L BRI, 1R YE ADRS setTreeHeight() F1 ADRS.setTreeldx() SKAE M R 51 FTE 1, 2R fE L Ak (9) &
FAAEA, B 5 o f — IR kAT P, 1B R AR BT A AR T R T ADRS T5 RRIEHIR IR I A&, @l
I 7 SO ORI A — 2T R, IR G R TS SRR RIS A e B I R WA 3, b T R H R T AR
2.2 715, 1K ADRS (#1275 30K [30].

Hi% 3. dforc_Keygen.

$i\: PK .seed, SK .seed, ADRS,idx_tree, s;
fith: dforcy, dforcy.

1. ADRS.setTreeHeight(0); ADRS.setTreeldx(idx_tree);
2. IRIEA R (9) AL dfore_sk;

3.forie[0,k—1] do

4. forg=0toa—1do

5 for j=0tow do

6 leaf(qllj] = F/(PK.seed,ADRS, sk);
7. endfor

8 nodelillq] = leaf[w'];

9. endfor

10. ADRS.setTreeHeight(1);

11.  ADRS.setTreeldx(s +1i);

12.  while (Stack.top.height == node.height) do

13. ADRS .setTreeldx((ADRS.getTreeidx() — 1)/2);
14. node = H(PK .seed,ADRS ,(Stack.pop()||node));
15. ADRS .setTreeHeight = (ADRS.getTreeHeight() + 1);

16. endwhile

17.  Stack.push(node);

18.  rootli] = Stack.pop();

19. endfor

20. ADRS.setType(DFORC roots);

21. dforc, = Thy(PK.seed, ADRS ,root[0]]|...||root[k — 1]);
22. return dforcy, dforc,,




4494 BAFFAR 2025 5 36 A% 10 41

ADRS T tree index #70iHHN:

tree_index = i Xt +idx[i] ®)
AR SK .seed F1 ADRS @it PRF KA ik
dforcy, = PRF(SK .seed,ADRS) ()]

SRE, ATIERMYE F NH TN FH w IR, B IRE A 45 RN E] leaf(q)w + 1] = [F2, F', sk[q]], &~
55 g AN S B RE AVRE LY AT, e FOLES 2.2 W RIUEI. SN A A VA A5 BE 1Y A, RS e A I S
SR s, P T S TR, AR 3 PSS 318 AT oRA A Z AT AT, ELEIAR Y .
433 ApEH

dforc_sig(PK .seed, ADRS, SK .seed,idx,md’) — SIG o, : 2= 11 s 38 o 12 55025 SR A8 o0t B TR B . i BV N
md'~ SK.seed. PK.seed~ ADRS Hlidx, %t DFORC 24 SIG ., B proof. 1% proof KN k(log(t) + 1) 1 F
FFER AU, P kS Merkle BECE, ¢ &M 7717 sUECE, 68 AHTF37 s B8R SR OER 2 BRI 2. B4
WIEEEAR BTG E B on 771 BORL BRI A o5 284 T AR, DAE B 45 LI 1 . 8 S B 28 B 72 o, DR B3 42 1A
1 ASHAE A SK .seed 1 ADRS @it P BENL R AL PRF AT THEL. X T4 key, B 58 1d i 7 Merkle B R4z BAH R
FIAE R, R Xk a 584 M E, WS BE proof. HARIIFE WHIE 4, H < ADRS KI5 AF R4y 26 %
(SIGyyss.getAUTH) 275 3CHR [30].

Hi% 4. dforc_sig.

%i\: PK.seed, SK .seed, ADRS, idx, md’;
it SIG o

l.fori=0to k-1 do
2. ADRS.setTreeHeight(0);

3. ADRS.setTreeldx(i X t + idx[i]);

4. SIG.lil = PRF(SK.seed, ADRS);
5. for j=0toa—-1do

6 s=(idx/2)®1;

7 AUTH]j] = SIGyxyss-getAUTH j);
8. endfor

9. SIG e = SIG.y [NAUTHIj;
10. endfor

L1 return SIG .

4.4 ERIE

FEAT e, JRATT V200 1 R B O R P T A e B i R P WOTS+ (BW) (RIAEH, FT LAE %6
48 BW, K5 5T BW RIS
441 BWZ%4

HRTEPH wx LR F (WA 2.2 719) SRA AR bw,. THE F (k) B, AR 3L B ORI 2 R A
A, BRI, il ADRS FIA IR PK.seed #45 A8, FI T UH 5081 AOPE A 8, F BS80S 1 bk 25 %6F
JS2 24 i AR A A BE P AL B, IR T — B SN SRR BT B CR AR A A A5 B BRI AN T TR 1, 15 T
B4 )7 F PR T Bt B8 ). %0 FEVELIE IR T 5070 5, I oF A A5 A FA BH b F) BT, i HH A A B P R Tk
RIGMEAE, | RARFFIRER ], H R ADRS WHAES 5 TR [30].
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&% 5. chain.

#iN: PK.seed, ADRS, 1, s, i;
S AR s G BIE A {E.

1. if s = 0 then

2 return r;

3. endif

4. if (i+s) > w—1 then
5. return NULL;
6. endif

7. tmp = chain(PK.seed, ADRS,r,s—1,i);
8. ADRS.setHashAddr(i+s—1);

9. tmp = F(PK.seed, ADRS ,tmp);

10. return tmp

bw_Keygen(PK.seed, ADRS ,SK .seed) — (bw ., bw): 411 mUF I Z 0L T4 B BW AR, AV 1A

n FHFIFER AT SK seed FMYE ADRS A2 i, A0 B A S8 1 W FAEHIEAT w IR A THEAE . RIS, 456

ADRS 3 R FAAHIEAT I A THE, AR O LA B, X AN I R, LB R b AR 4R A A 00 5 AR AT SR, AR R

FERR A (B 5) TR A BERIGE IS R, 5% 6 JBIR T BW XTI AP IR, 55 ADRS WIHEES 2 S0k [30].

i#3f ADRS.setChainAddr() #1 ADRS .setHashAddr() K HI% Rk, FF 506 B4 FAGIHRAT I8 A 3845, ZE Bl > BW
AR, ZIETHE bw,,, WF TR

bw, = Th(PK.seed, ADRS ,bw,[O]]]...[lbw, [l = 1]) (10)

&% 6. bw_Keygen.

%i\: PK.seed, SK.seed, ADRS ;
i bw,, bw .

l.fori=0toldo

2. ADRS.setChainAddr(i);

3.  ADRS.setHashAddr(0);

4. bwyli]l = PRF(SK .seed,ADRS);
5. endfor

6. for j=0to [ do

7. ADRS .setChainAddr(j);

8.  ADRS.setHashAddr(0);

9. tmpljl = chain(bwy[jl,0,w—1,PK.seed, ADRS);
10. endfor

L1 AR A S (10) 2R by

10. return bw gy, bw

bw_sig(PK .seed, ADRS, SK .seed) — SIG,,: #4& Size-optimal Zi% (W55 2.3 1Y), TATH BW AT EHE
% SIGy, . BAREFE WS 1 (FEILER 2.3 7).
442 WA

AR UL BW WA 5 Merkle B 45 &4 s B (HT), M= A2 [ 2 K BE A8 4 7 . HT A AL F TR
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JE IR 55, T TR AR BB I 2 42 AR T R

ht_sig(PK .seed,SK .seed, ADRS, idx_tree,idx_leaf) — SIG,,: 51 s M I F L T A pL HT 2544, 75 ht_sig 5
LR, i NS SK .seed. PK.seed idx F1ADRS , For, idx T3 B HH B A4 (B H 735 5. 12500 Sl
T 1% B A SR BONIE B AR AUTHL 1, SR J5 ) WG A R B0 MR FR I 749 st 1) b AR O IR 05 G A (L, WA A
A H WA 2.2 %, mIGHIH L SIG,. 1R, idx RAE AW BRI SHAL ISR —NSERLBR R 5, Wi —A
ZRFTRGR I TR 5] BRI, BI5E 1L ADRS.setTreeldx Fi50R A 5 102 51 Hulit, 3328 2 4E RS —
JZ IR A2 . ARG VR A2 h BIAR AR ST 4 GBI AUTH [] 3RB0), 350 H Y A, & A 15 BIRMAR Y &4
root. VEAHII AR WHE 7, Horh iy 7R HT ' Merkle Wi FE, 58 ADRS FNEL 53 R EHRAE, BI40 SIGxss, ADRS .set
SRR, BARIES S0k [30].

L7 e sig.

#i\: PK .seed, SK .seed, ADRS, idx_tree, idx_leaf;
ity: SIG,, root.

1. ADRS .setLayerAddr(0);

2. ADRS.setTreeAddr(idx_tree);

3. for j=0to /" do

4.  AUTH[] = SIGxyss-getAUTH(j);

5. ADRS.setTreeHeight(j+ 1);

6. if (idx/2))%2 ==0 do

7. ADRS .setTreeldx(ADRS.getTreeldx()/2);

8. node[1] = H(PK.seed,ADRS, (node[0]||AUTH(;]));
9. else

10. ADRS .setTreeldx(ADRS.getTreeldx() —1)/2);

11. node[1] = H(PK.seed,ADRS,(AUTH|j]||node[0]));
12.  endif

13. endfor

14. root = node[0];

15.for j=1tod—-1do

16.  idx_leaf = idx_tree "'Hi |h/d] bits;
17.  idx_tree = idx_tree 15 |h—(j+ 1) x (h/d)] bits;
18.  ADRS.setLayerAddr(j);

19.  ADRS.setTreeAddr(idx_tree);

20.  ADRS.setType(BW _hash);

21.  ADRS.setKeypairAddr(idx);

22 ARAREL 1 B4 SIG,,;

23.  tmp = SIG,,||AUTH; SIG,[] = NULL;
24.  SIG,, = SIG,||tmp;

25. endfor

26. return SIG,,, root

45 N iE
FEARTI R, FAVIEAE A U 178 20 AIE B i IR . R 247 3 AR @R IR, X6 R key A 8 A, 40
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FNEE R 40 F R,

proof_ver(SIGy,,, PK seed, ADRS,md’ ,dforc,;) — (True/False): SR T 5AIE H dfore_sig TAEZE4, AN
SIG e~ AAFNT PK.seed . TN T SK.seed . Hih: ADRS FUVH B ma . w756, HP0EL I B ma i1 H
H 5 B R T SRS, R BB R IR SIG g getsk(i). B, BT F (W ILEE 2.2 717) A 17 8, FRAR
1B SIG yore-getAUTH (i) F2 AL B VAIEFE A%, W37 i EAR VT SRR B0 0, B 38 22 O AR 8, B dforc,
B2, KT SR 2 dforce, 58 d forc,, BEAT LS, QSR # TLECIUR 5] True, 15 MR [7] False, R %4 J02K. %
WRERE 8 A, B SIG,,,..getsk (i) F SIG ,..getAUTH (i), il # IR [RIAF A TESE 44 Hh 136 § AN FAEH, J5 3 3R [al
TEMETEZ A NS | MNIERR R, Horb Th B0 H UL LSS 2.2 75, K ADRS [M#1ES 25 SCHKk [30].

&% 8. proof verify.

HIN: SIG yore, PK .seed, ADRS, md' , dforc,;
%t True/False.

l.fori=0tok—1do

2. idx[i] = [ixlog(r)|to| (i + 1) xlog(¢) — 1] bits of md’;
3 dforcy = SIG .. getsk (i);

4 ADRS .setTreeHeight(0);

5. ADRS.setTreeidx(i X t + idx[i]);

6 node[0] = F(PK .seed, ADRS, dforcy);

7 authi] = SIG,..getAUTH (i);

8. ADRS.setTreeldx(i X t + idx[i]);

9. forj=0toa-1do

10. ADRS .setTreeHeight(j+ 1);

11. if idx[j]%2 == 0 then

12. ADRS .setTreeldx(ADRS.getTreeldx()/2);

13. node[1] = H(PK .seed,ADRS, (node|[0]||auth[0]));
14. else

15. ADRS .setTreeldx((ADRS.getTreeldx() — 1)/2);
16. node[1] = H(PK.seed,ADRS ,(authl j]||node[0]));
17. endif

18. nodel0] = node|[1];

19. endfor

20.  root[i] = node[0];

21. endfor

22. dforc.setType(DFORC _roots);

23. dforc.setKeyPairAddr(ADRS.getKeyPairAddr());

24. dforc,, = Thi(PK .seed, dforc,,, ADRS, root[0]|.... llroot[k — 1]);
25. if dforc), == dforc, then

26. return True;
27. else
28. return False;

29. endif
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com_ver(SIG_ht,PK .seed,root,ADRS,idx_tree,idx_leaf,md’) — (True/False) : A TAF HT R AR
EIRAER R — B0 H 0k, FIRIBI RG] idx_leaf $REVH XS SLHIM T 55, FFITAGAE he_sig AR HERIRE A (H AN
R B (K0 5 1, 322 S HT. S8R SIG,.getsig() IR [P K25 4 AR HEAT 6 e 75 TH 55, SVAI8 2 M )
PSS AL AR BIRAR Y AL S TR IR R root’ SERBE roor — 3, MR Bl True, K B A TEIAERT); &
W, 32 [5] False, Fe7m Uil e e, BARRAFE WAL 9, H % ADRS [MHRA1ES5 SR [30].

&£ 9. com_ver.

LIPS SIG _ht,PK .seed,root,ADRS,idx_tree,idx_leaf ,md’;
i Hi: True/False.

1. ADRS .setLayerAddr(0);

2. ADRS .setTreeAddr(idx_tree);

3.for j=0tod—1do

4. idx_leaf N idx_tree R |h/d] bits;
5. idx_tree’ Nidx_tree FJG |h—(j+1)x (h/d)] bits;
6. tmp = SIG,,.getsig(j);

7.  ADRS.setLayerAddr(j);

8. MRHESE T M5 1-14 AT roor;
9. endfor

10. if root’ == root then

11. return True;

12. else

13. return False;

14. endif

4.6 FRIEFIERAEHT

M AR I, BT R S AL T oo KV AR ERRATR S B A .

TEOL 1 A AAEAE, AR R EFANAS, (FAIE I U, 05 2, B S I0UEHT R BRE X I, AR VR (5 37— AN TR, (HAE
FRIFIIE AN 7], DR EE £ () DFORC 4 jUR AL T 784K, Bl JS, AR¥E 5095 1-9 KRBT IR IE.

FEWL 2 EAEAE, WAB SR VE (B AIE B, 6855k E o4l VM SRR A S 8800 1. #3504 1D Hont B & 51, 4t
P71 ST VMIK] KRG A, FEARYE Merkle A0 48 A 717 ;S 2R S 2R A2, A2 BOBT MR E ANIEBA. B2
ok, MRYESNE 15095 9 S EHT EHHAE. HIFE R, ZI0AEE I [ IERPER, 38 7 EX ID[key] #E VMK] A, LA
345 H @ DFORC 374 5.

5 REMDH

FEAAT R, A TE LT & BORIE 5 R E T 24, BRI, F A H FJE Th BB A, b F ot
IS0 T W B 0, H R T B AR 20,

EE LS TFHEFNSE . we by dv my ok, WEH L LUF 44, 34 EQAS /& PQ-EU-CMA % 4.

o Th (12 F Al ) M0 AFIFA%, A& R R BArmis .

o F A%, BAT 5T B R A2 HARYRER 2 ARtk

® PRF M PRF  #& 5 81Dy BEHLBR B
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SRR, A (11):
InSec"FUMNEQAS; €, q,) < InSec" TN (PRF; £,q)) + InSec™ ™ (PRF eg; £, q5) + InSec™ ™R (Hpngs £, q5)
+ InSecPQ'SM'TCR(T,,;.f ,q2)+3- InSecPSMTR(F 3 6,q3) + InSecPSMPSPR(p 1€,93) (11)
M, PQ-PRF, PQ-ITSR £l PQ-SM-TCR F¥IMEE 22 SCHik [19]. 1 263 FH 8 58 25 42 £ (DL & Oracle i 3E) 1)
A B R ERA 2. ARG, THEX TR R R E, ARG AE EU-CMA 25 b3k I ¥ s T L.
E B AT 2 AR WA S T SCHR [19] HPRIERI U7, O THEW] EQAS J7 & EU-CMA %41, JA i 5
A 5 MEHZE (GAME.O-GAME.4) iZ 0 # T D MR G BR . MR 12840 07 R — DA B, AT
FEFRATTRE X 2 4 07 ZE V12 A PR EAT VELR 0T, £ GAME.O H, BT THI I 1 & — N BEUSEI B 2 0w, IX B, BCF vl
DAR A i), 13 31 EGE M4, R BIRIF LLOhIE 25 4. £ GAME.L 1, ATH BN ECE 5 PRF (D FEALEREL) 1)
vy, T 425 BW Fl DFORC A 8H. FATRE EAENER T 50 S 00 F 58 X — B 4. BARMOE 2 R4 1
BB AL 3 9 A 7] /N A BEATLAEL, (5 PRAIE X SeREALE 5 A PR T S OR S — B, Bl A PR X Le B LA 2L
B, A3 2 4 R R AT IR R O T ECT VAL, X D 44 BT AR TRAEZE 44 06V B m S8 IR I8
T, A FRATEEAS F REAUE B i, 1 DR LU {H i [ 25 2 e I 25 4. BT 0¥k X 7 GAME.1 5 GAME.O, F At
A4 A S BRSPS RIE T HT 1 BEAL B 25 81, BTF7E GAME.0 F1 GAME.1 2 [A] %3]
MR Z SR
|Succoame.1 (A) — Succoayso(A)| < InSec™ ™ (PRF;&,q,) (12)
Forfr, InSec™ ™" IR PRF WA VEFE R, & FORTTAEMZE P B W 210 RN, ¢ AT R &,
£ GAME.2 t, TA TR T8 B 057 () PRF g B — DN IHIERIBEHLEREL. 72V B m I PRF ., 5, 1351
—ANBEHUE, X ABEHUVE TR A4, E i ORIZAN BEHUE S 2 B0 O FA BN R, D545 44 1 it 7 215 2
WAy 45 R B, B AR 3% R I G A B OBV 2L RO 25 44, (ER L Dy R A AE S5 | 5 LSS To =, IR 44
BE SR X B O 25 4 OSSUE AR IEIE. BT PRF . M AE GAME.1 th 4% B oA BN, BRI ECT et
Z EHRX Gk e th 254, RO EATS B84 584 — 8 MUT1E GAME.L Al GAME.2 2 [8] i) sl DI % 22 7
[Succgames(A) — Succgamer (A)] < InSecPQ'PRF(PRFmsg;f, q,) (13)
Hrt, InSec™ ™ RIR PRF WA ER, g, NIH B A WREL
£ GAME.3 Hh, Bii 3 Toik R B2 44 1058 2 J5UR, T2 2 B 325 42 45 0 vh 11 55 ROk Dt 25 42 . BRI
5, Wi B P24 Oracle 201 3 1 51588 44, Sl A8 42 s 7 s B 25, IR R B —Fh 07 sUE R — AN
S it R4, 7RI B, JATHHOR 25 46 00 BT A 5 F R 25 AT 2 REAILIK) . SX R R 25 42 (0 AR OO T BB 25 4,
P T RENA I 254, 545 BT oV R A 10 A B B A 20 R 0% 4 18 00 A8 B v 2 i i B L AL 25 42 1)
BB SR ST, LTINS BEAUE SR DU EL 25 48 S5 44, AE15 0T X DU I B 40 25 42 15 BRI 25 44 1 A B
TR, IXANH B ) O i T2 B T 8 I Dl 25 4 A By (K A5 4, 4545 4 R R Bk il . an SR T Re i 7E ML R
WO RS A, D UE B FRATT A B B RE LA AR BB (BFE ARG L, D35 42 5 SR8 4 Toik X ). IRk, BOFAE
GAME.3 Fl GAME.2 Z [A] [ BRI 22 53 .
[Succeames(A) = Succoame (A < I”S‘?CPQ’[TSR(Hmsg;f’ qs) (14)
o, InSec™ "R FIR G Ay AL H, OBUIRIEFZ 5.
f£ GAME.4 1, 5 GAME.3 AN, B # () H Ar2 #0385 O 42 a5 A R <5 2 JRAR, wr BLOYiE
AN SR A0, A A2 A AL N IR IR . AR IS A R BB 9 PR BB ML R # Oracle, JRAEAL i35 44 1k
FE I NBENLIRS, (345 20 2 A AR 3 58 2 IR, Bkt 2R b2 I 5l N— N BEHUVE r, FZBENUE S5
Bom GG EAE, SRJ5 (T O R 25 (B B L e 7y BR B AR 44, 1S5 4 5 A PRI R R ORFE — B0 L
TR AN 2 22 A BT AR P BB A% 38 I e A R SE L] IR 50, 8 G0 BT R ILONIE 13 AR, LI IR W] R o 22 iliE i
Bk (R R BV SRAEMFA B, (R S5 44 (R BUAERRE 1 (TCR) APt S IR T Bt M AR ). S F7E GAME.3
A GAME.4 2 [aJ ) S DA 22

Bl

A{
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[Succoame.a(A) — Succoames(A) < InSec™ XM TR(Thy&,q,) (15)
Hort, InSec™ @M TR IR T RS A5 B AL Th PO Bfllfie ik 5 5
A, BT B4 RGP I OERE2 L AT BLEd A 2 (16) Rk, Kb g5a 7 2 IRBTm R IEFIEE
2 JRR I 2 A ke
Succoames < 3 - InSec?SMTR(E :€,q3) + InSec” Q-SM-DSPR (7 3 6,q3) (16)
X YIFEBAR ) 22 A v, BT O D a6 25 4 R 2 B R 1.
T IZ A B AR AL AN BT R RS A T R, AT TOVE A PR ERA R R T A8 4 ok B HsesE i
2. EQAS M2 At 2 5 T F BN LR nG 75 55002, 9] an7EUF B AR 5 A2 B A A2 o, 0 BRI 2 4 1 2 AR T
Thy F\ PRF Al H,,, Wi A& F TR T F A PRF, PRI SC U7 S8 14 22 4 P 2 B IX S I 75 bR BOCR AR TIE I, i
SE JRIUE B A TR] 0 2 T I e ms 7 B BN B 25 44 T R B B 7224, B, A7 S nT DR & 7By, A
AETZAENE.

6 SEILSART

TR T EQAS 7 R, A VER 2 (M IR RO H . RAM Z M E BRI TR A8a 7 ZRgs
SHOEPE, MR NP Fot B FEAGRLEAS PPk, B T ORI MR T IE B A & IS BOR T 5256, SR FE T 7 R ik
AT ERR A AT A AR A0 AT
6.1 BHEE

WA 2544 1) 22 A PR ELEE AR T 06 75 SR B B A BE n, W8 T DR TG I &5 . SR, I PR NG A
K RARIRTE T A, HAN AT 3G N T 25 44 (0 K/ NI AR BRI IE R TE SAR. SR T 7R AR 22 4 1 (1) TR e ok 2>
B K, BATFINT Winternitz S50 w, I3 K w (H k> 28 44 o (06 A5 FE . IXRE AT DUINERZE 44 A= Rl AN 38
WERR RS, (BB 2 (F 25 AR K, S 80B S MAAE 0 EF. tah, 8RB Winternitz 30t & 7 — @ FL 8 LA
B g A, BRI, TEAS [ 1) 2 A 75 SR R R 2E w (BRI A5 eR R e HE K S, B T 28 2 IR/ INS TR R A E 2 ()
11X %. DFORC (BhABEHLARMEE) 1E T B 0 R IEAME 22 A AT T, SRR & RS AR A 2.
W= 5 EEd BB WS AR I 0R. AR B 531 n M d 8, FRE eSS, RS gEeE
T TR, X ORWRE > T A IS . AR, B B v R ERARTRD T SRR AT R A A B RE, A0S T
FFUCNIERT B EGAIE B AR BT O T TE Ik 7t 45 R0 DR S8 TIE 2[RV EAS~F 1087, FRATTIR I Bl A4S v A A 5 4 v 1 2
HOR IR R G A0ME. kb, DFORC 75 i1 HH I 75 BT AR 33 FE -5 A7 45 2 IR R GGy i P4 Merkle 1
(TR B, TRk T A A IE T B G I AR, TR R T VIR R . AR, X R RS T B 2 A
RGN TE 2 071 . BRI, AR T 2 2850, 92 PR S, BESRAL T IE RS, SO (R ATl T 45 76 A 28
Ve P UG AR B el T UE R AR BT R R, (A 2 R g I T SEI E k. S8k R e T
DFORC [t eI 22 4. 7 DFORC A, A 1) I 745 s BB 6 02 2 IOREIR T, T k BT LA E HE . BN @
SREE /AN FERMZER. SR, X T4 R 2R, BN ¢ FERRE k, XS4 KN IR 25 4 0
DA B, ST P AN SRR L T B A S md 2 H,, WA TR, DL NS, KN (klogt +7) /8 + (h—
h/d+T)/8+(h/d+T) /8 F715. BW BN v FIMG A B 5 8 T BW B4 K/,

EQAS 30 LW B UK 2 Fizn (IEBA KNI bit). BB R, AR NS HEAR R @ 5 H
R /N BRI IR TR SRS 1. X 2 X T 256 fr e &, &4 M K/NR 210N 15 KB. 48T, A4 1HE
TEL 20 2 48, R IX R 0] BEXT —Eeq e 1) B REFPARAT R 51 0, (B VF 22 B 5 AS K AT Re IR s e sz itk K
BRI AL AR, SO SEERN 2 e om0, X B A ERATR ST, 252 RN I T LAb B
I, ARSI SHA2-128f-simple iR STIMERA T 7 %, M BA 128 AL A G Ay iR 4 SHA-256, 1§ F P
SR CERIGTHE, BRME L KN, B R ARIER P F A A #D). 3T LR E, |ATH Python
RIS ST EQAS.
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#£2 EQAS Mk HE

n h d log? k w w WEBA K/ (bit)
128 66 22 7 23 13 2 17088
128 64 8 13 11 32 2 7856
192 66 22 7 37 15 2 35664
192 64 8 12 19 38 2 16224
256 64 16 8 48 16 2 49856
256 63 9 12 27 46 2 29792

6.2 Bt HH

AR IR B T 75 9 A BR800 FH . DR T T FE I T DA AN T, FRATA W T X Hipe FIERAN TR
FR! PRF oy F T A UK RIZE 4. 32 3 G5 7% Fy Hy PRF R Thy W FH VR RVBRI A BH 10 /N DA R 2644 1
INIE 4% AT DU R HEWT Hi Sk, gk 4 Fiow.

#£3 F. H. PRF M Th, [fiRAE * 4 EH. BFRFVNIEBRAEE R
IR F H PRF Thy S KN
WA oMl kew 20— 2hid; 2h/d A 4n
ARV LR kt k@-1) ke d@hdy 2N 2n
WIEEEE  d@Mwl  d@MA—1)  d@Mdy — %4 nk(logt +1)
AIE k+dwl klogt+h — d PN T n(h+dl+1)

6.3 MEEESRT
6.3.1 SLIGUE B AIFRbR

EQAS HEZL T vk X P A UEAE i (1 22 42 [0 R O T S84 7R EQAS [P RE, AR SCHEAT T LR SR R %
RIS AT R, BT A BREYE CPU N Intel(R) Core(TM) i5-8300H. GPU 2 NVIDIA GeForce GTX 1050,
74 8 GB &L A Hfix L3E4T. #:1/E RSN 64 1if Windows 10, Python 4w %% A Visual Studio Code. EQAS fii Ffj
rocksdb® ' WE Jy J5 A B . 2B HUN 128 7, w= 16, k=33, 1 =64, w = 2. ILAh, AR SCHE [ P BUSEIN X B
Fisco & X2 H ) EQAS J7 #4777 IR, 85T FISCO BCOS FH A RS HARZAEA M, [ 767 & b3 E
RS LRIATIES).

TEVFli EQAS IR [ 4HI, 22 5 M T B0 SE U MWK g £ 3 A RLE 58 EEE
LM [X B T AR 1) DR/ ISR A7 0 T AR PRI AR . B A 5 B I, A7 s AT BB 2 A S IR E . K
2 FE RN X HR 2 T AR, 10K S 80E 2 T SR AR, AN T I IR, B S E ISR s T £
(1 25 2 55 2 T B AN ROSR IR IR BR . 6N 571 o 00 28 1 138 R A 7 B 409 UdE A e 7, 0,468 5090 A R ANAIE
HIAE F, 3 AT e 2 0T 44T SR ARSI (1 T SR IO 2508 A5 AHR, DG HTE S IR R B W I IE DL, T e T 0 B 48 IR 1Y
I B R B AR T A AT s 0 SREE B IE IR AT L AT 2 1) 2 HT 45 4757 i 75 SR W gk AT B4 A 2% FHAIE
BIAE R, XA I T 47 s AR, B T RSP N /O $R 4R (BN T BE I AE 0 R TR RE. A m B MR T,
PATE AT fif PR B [ 5 4 2. 355448 .

FEANVAETE AT TR RO B 5T 28 e W i (R RN 36 0 I TR SRR . T B B 7 B R

(1) SPHINCS+"": I & — AN IR I T WA 75 2 SAESL, BAEIREE . 84 K/ INVR e AT TR MRS T i 4
RE BHMHA.

(2) LVMT™: 532 — 7l B0 ) [X HLE 77 ik 485 40, B 0B 9 A 1/0 #R4E 1O BB R 1 v X Bl R G Tk .
LVMT 5 Fl 22 BN IE 2 s 3Tl A — R BB I Merkle A%, 5235 980 /0 T 152 5 5/ IO 3R

(3) EQAS: L3 4 I BN E.
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6.3.2 SEERgER

Bl 6 R TER Z SR EELE 10004000 TG A, [E € A #IKEL g = 100 X AUEAE AN SRR R X 520
&l 6(a) o, BEAEAE Sy m B3 0, BQAS [HIIIF B AR By [A] B AR T SPHINCS+HFI LVMT, JLHAER 5 M &1k E 4000
I, LVMT £ i A B2 60 s, T EQAS TRIFFEBUILKT; Kl 6(b) FK B, EQAS FERAIEMT 7] Lt 2 20 T HoAh 77 %,
o5 22 5 BN, EQAS FIKGIERS [ 34 K 2218, 1 SPHINCS+HI LVMT HIGIER )2 2 - F; B 6(c) MER T
TEE & B IRELT, AN FIAE 5 8 X UAEAT RS A48 B 52, JoHh EQAS B9 50 B[R] 44 19 1 B 2218, ik — B IE L
T HAERAE G B . B R UL, R 558 5 B R 2 M AFLE IEAR DG OC R, IX 2 R A B 5 2R IR0
I, AT p AL I EE 2 (i oK, X PT RE S 3L CPU M A7 I3 A 2R 38 5, 1/O 3R AEIARZR 3 0, AT 39 00 7 2 4k
Ry B TR 4.

2 60 [o-EQAS i _ 300 -s-EQAS ?
= | = SPHINCS+ | 2 v SPHINCS+ I
‘E 401" LVMT 5200 | = LVMT
= =
#Hoo| . =100 - Y
2l ——T1——1| 2",
= 0 =
1000 2000 3000 4000 1000 2000 3 000 4000
TG MR T o R
(a) NFAIZZE 5 & R AR s ] (b) RRIAE 5 S i N BRAIE N ]
60 [-b-EQas
_ | ~~SPHINCS+
L = LVMT
= 40
520 = T
. ,/;*’:./’a/
1000 2000 3 000 4000

O BB

(o) NIz 5 ki e [ 7T
Blo [ E BT, 58 5 b BT IAEAT (6 17 T 9 £ 50

B 7 BoR THEARREST SR U = 100, 200, 300, 400 F1E & B WK EL g = 100 M5 6L T, 254 26 B 18] (1 28
ABBL. B 7(a) R T AER RS s B0 R AOAIE W 2E A 8], EQAS 8581 a5 50 1 i A 2 B0 Hh A ARG 6 26 Rl et [,
W1 R ALF SPHINCS+FI LVMT, $#51 2 7552 7 s 8k £ 400 B, LVMT [ 42 g T8 K IE 35 hn, 16 EQAS JL-F-A
ZERMA; B 7(0) R T R UERS ] (AR 4L, BEAE T s AR 3 N, EQAS I IGHIEET [ M R 18, 1R 2R FETEAR
7K, T SPHINCS-+F1 LVMT [5G UF B[] 8 5 75 s S s 38 in 2 538 a4 B 7(c) W 1 76 8] e 2 k) vk 3
BT AR R (R TS IR, BQAS TERRTT AU i S () TR A f D, HE— S T HAE 2 R A
SRR, BEAARSR UL, BT A SR AR A IEAE O R R, X R ARG 21 s B E I, 47 s
B AR R 22 ADAE B LA R BE 22 A U, X0 T SRR P 4% 38 15 1 4 R, R R A 3G .

E 8 JE/R T IEARFRI IR AL ¢ = 100, 200, 300, 400 FIASFAE 5 M BE T = 1000 ', XF 2542 A5 i A 8] A 52 1.
K 8(a) JR/R T IEA AT W VRS ROTE I A J 7], EQAS Fifi 45 73 ) v B A3 m, A sl it T AR 5 7E B KT, B
T SPHINCS+F1 LVMT; JtH 2 AE A WX EEAF] 2000 X, LVMT [F A B 18] K IE S I, 11 EQAS HXS K& %4
X%, B 8(b) fan T HIERS (] (78 4k, B 23 KB I, EQAS TEIGTERT ] F A fREFST S, SILH BN
MR, T SPHINCS+F1 LVMT F 56 iE B [ B 25 160 A 385 00 52 0 58 9 B W 1) b T 3. (1 8(c) SO T 7E [ 2
25 AT, AR EO IR B T4 (B2, EQAS 8 2 B0 i fr) st 6T 18 I 5 B SR ARG T oA e b 5 =, 1AL
T HAE AR R B SR B A SRR, B R OB N, B LA L A IR R N RE
BB G0, A5 s AU BT 2 (35 3R, X0 T TSR /O AR FER, AT AT AE 5 S0 N i ) IE K. gk
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S, 1SRG 3 S8 0T, WA SR K, #9758 2 015 8, S T 6 V20 0 S AT
1l

) - ; ] PN - ;
g [ReASE= SPP‘JINC* o L}’MT | Z 40 P‘I"P:LQA,S,EE'E,SEI:EH,NQS,JZ&;LH E’;YMT ,,,,, _
=10+ { | { ,; | | |
= : : : EoL [ mo Al
& | | | S e ‘
= & :
= L ‘ ‘ R
100 200 300 400 100 200 300 400
B R B R
(a) ANEV T OB T T A e [ (b) AN AR B N ISR )
20 T T T
. |=3EQASz2 SP}‘HNCSJr mm LyMT }
=~ | | |
= | | |
S0 1)) N . . EN | ||| _
B 1 1 1
A | | .
ol ,JJ 7
100 200 300 400
B R E
(OENGEZSEI=y- ' Q=N EPiE |
7 LR EAEWRECT, B AR ARSI ) 85 1 s
2 +]§19}1?1§vcs T 6 SR I
- + 2 -¥- SPHINCS+ il
%100 L% LVMT %l 000 % TvMT
L 500 »
= 500, lej |
500 1000 1500 2 000 500 1000 1500 2 000
AW REL AW REL
(a) ANTF A B0 R AR B ) (b) A& R T SR I (8]
-o-EQAS "
— -¥- SPHINCS+
Z 100 |-»LVMT »
= I
E
= //i./"/
500 1000 1500 2 000
EWIREL

(c) N IFI A8 L A T FF
KI8 FEMIEAC 5 B T, B ECE X AEAT (I TR FF 6 1 S0

B 9 4y B BIR T AR S EE U = 100, 200, 300, 400 R, XKL ¢ = 100 X254 45 Al 18] (95200 1 9(a)
7R T A E B OB BIE B AR R D, [ A A B RS, EQAS AR BET R CRFFE L KSF, T SPHINCS+
FILVMT BAE e 18] U B 45 25 0 v B A3 in £ B0 H B 8 Tk 3s, Je g LVMT fEE MR EUA 2 2000 B, 4
RS IA] KR 3440, B R T EQAS. & 9(b) JE 7R 1 IR ERS 18] 19754k, EQAS FEAN[E) B Y BT (B8 IE I 18] 35 R4 42
BAK/KT, 5 SPHINCS+#1 LVMT A bt 2 8t B B B 5. 18] 9(c) R 1 S RIJF4H, EQAS BSR4 £ A
F AW TG KGNS, IR AR T MBI T %, B T HAE ® &R E0s 5 b s skt B 2 s 3= i
I, R LU AT B8 TR AT AR EUE 2 A, ShAh, TE T AR N, AT AT RE R B R AL B R £ 1) A
TE K, RN B) P48 BE 2 B AR S AR R L.

25 BT, ASCHR I EQAS 75 R R UIEAZ g I [ 45T 4500 40 s 7645, SR, 75 LUK Y Fh 38 5 Jl o 75 22
SRR 12 DA BRI, A X BEIEZ) 15 s, BiT4 180 s. AT WL, EQAS J7 S IR /8] JT A5 AR X5 /8.
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= 0 :;EQAS 7Z2SPHINCS + mm LVMT £) 200 =SEQAS 72 SPHINCS+ mmLVMT |
= I I E I I
H20F ; — E00f | i
}f:i 0 i { { { = 0 Lceetdln . {
500 1 000 1500 2000 500 1000 1,500 2000
HIREL TIREL
(a) AR B R R AEIAE AN ] (b) R AEHIHC R T SE R ]

=9EQAS =2 SPHINCS+ mnLVMT
|

I

500 1000 1500 2000
UL
(ORNEENE- & Qs PR

Ko fERDE R RBERT, B REOE A IEAF i I 18] 45 1 52

ST TE] (s)
S

(=}

7T B %%

ASCHE T — A A HAUR T B X EEVIEAA A% 77 E——EQAS, AR &1 TH SR I AIE A B AR R ) 22
A . I K HE T ICRAS WA A 25 44 FR BIN XA TEA i R G, A SCH RO & T RAMPUE TR, Bk
Y, ASCE UK EE T IR G A5 28 44 BOR I T XCBRBEVEAF i v, IF I A AR it A7 6 5 UGIERE AR, A REAL AR
PRBE R ER ) 45 4 S L RO B A IE. 22 &k 20 B RSB 45 SR 1R B, EQAS MR & 1 Moy H A = Ak
UEAFAEIERE, A XHRBERARSRAL T — 24, R R R T 5.

AR EIBTFE AT LU ELR JUAN T T R I 15 %8, £1 4 EQAS 2544 K BUR I il i, 7] L2kt — B b 5 T
T (K244 75 58, BRARAF il AE AR FiAR. Bk, B IXHRBEROR IR AR, ARGEIYT R AT AT 5 A Mk 2 ¢ J 22, SRR T BL
B Fehn oy 76 2 8 3 2 P EEA 5 h N ST R FMIEAH R BOR, T RIS BEAS 7 (M % &tk i Jm, S e A st S S AL
TRAPHOR B PRE R R, R R NI AE CRIF LR T~ %2 4V R IR, S B8 v RO B L S A e L, s R A A IR AT
FEITT 1.
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