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Framework of Two-party Threshold Schemes for SM2 Digital Signature Algorithms
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2(Beijing Research Institute of University of Science and Technology of China, Beijing 100193, China)

Abstract: There are a lot of two-party threshold schemes for SM2 digital signature algorithms proposed in recent years, which can
significantly enhance the security of private keys for SM2 digital signature algorithms. According to different methods of key splitting,
public schemes can be divided into two types: multiplicative key splitting and additive key splitting. Further, these public schemes can be
subdivided into various two-party threshold schemes according to different constructions of the signature random number. This study
proposes the framework of two-party threshold schemes for SM2 digital signature algorithms, which provides a safe basic calculation
process of two-party threshold schemes and introduces the signature random number that can be constructed variously. With the proposed
framework and various constructions of the random number, this study achieves the instantiation of the framework, obtaining a variety of
two-party threshold schemes for SM2 digital signature algorithms. The instantiation includes 23 known two-party threshold schemes, as
well as a variety of new schemes.

Key words: SM2 signature algorithm; two-party threshold signature; framework

BT NPV B R BN T2 N, A PRAEDS B2 4 i F 5 TR, M AAP 0 22 At St 4L
FREAFE A, W AR A R, B ] DA R AT 28 44 0B, ST IO 7 B B RAE R B D i
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X4k 5 SM2 $LF AL Fik Py 1T o BAER 2189

LS, TFE T I RE D= E . TR B0 FAHIEAT IR 45, 13813 T A, IR EEARF 1 %,
W T SRR I E A AR . B0 v TR TR R N A IS 5 A B TE . TR B 7 & — 7 2
T RG] A, RS AR R R, AN ST M B D R S AT . 5 — O T, R R G T b i
T FARH, e AR B 00 R G LR 1. B2 A4 BRI 5 TRV 87 RN S T 2 AN 5 2848
B, 3 R A RIS RN BB S BT R W T T BR T EAERE BN B N Tz, e RS Bl i
R 1 P IR S5 A 3R A AR T AR, B — IR T T SR N TR R e e A IR 5 A S, AT EE T
B8 7 WS S I 2 A0 IR 55 25 A R R £ 4 RA B 5K 58 B 7 2 44 T B

SM2 B30 PV [ SR D A FL R 2010 4 R A (KR TEAG G Y 2k 2 B3 a0 50, L T B s 4 0, A
eSO AN B B vk, FC2e A P I T SR A Rk F o o ot 282 2 d5coxe 0 ) 8 00 PR . SM2 B3k LRk T El A 4
Rk bRUE GM/T 0003.2-2012, F-3E A E BrbriE ISO/IEC 14888-3:2016 H1. SM2 $ 785 44 511k 5 KA (M [ b 2825
KRN, B4 W S A AR AL BN LA, P S48 44 B ML ESOGT I0 FRARG [52] p 42 t, M A0 530 P 2k o5 (RO Al e B 0 B 97
TR BRI |5, B RIEEARY . BAMIE LRSS | 30, ITEAASLE 2y, 584
551 FR S RS BB A8 LR AL I R e, 25 44 BEALASORI RABH #1554,

B SM2 B A RN 2 W, CARZ W5 T TRURE 7 SR . AR Z XA T (1) AR %
BAA T 3, G BT TRk BOINVE R 43 24 (2) AT 148 44 BB L AR s Ty =X, A8 G A FH AS [ it 1y B L 5 P %
LB IS (3) AR ST =X, 61l AR AE B A H e e 3 4 M IME T 5. 7Rk Al b, A
P T SM2 B FVEW T TR V507 AR AL 1 Se AR e sl ik B R 4), A2 5 07 e R E S B 2R
R, 53 BIRAT— AR5 A SRS BT BIME VA8 4 BEATL 0T I PRV 3] 1 2 e, 28 4 B ATLER o XU 45 1 R ) B AL
LRI AR o AR R U 3 FE A R FARH L BEATLEI DL A S R 5 (h 2 o5, 58 OB 748 44 I -5

EMEZ L I R, AN S5 7 (ST A I BEA LS, 4562 2 FARH DL A5 E B3R oy R EH, VMERIEFF &
TR BENLEL, 5C A HESE I 2 R L4k, 7530 A (¥ SM2 2844 T TRR VR 8. AR SCHI SR Bk, BL4G T I
A AN 23 Py T BRI 6, WAL 2 MR s .

ASCE 1 AR IR A O TAE. 55 2 A GHA ST AR 2Bl AR, AHG SM2 2544 251 MtA (multiplicative-
to-additive share conversion protocol) ¥ril. 55 3 A A SCHEH P 5 T 1B A T HESE T 45 22 PE e, 28 4
A A AT P BE A AT, B S R AL,

1 HEXIIE

1991 4F, Desmedt %5 A\ -t RSA SLiE i T ITBRZE4 7 %, WS, A0 AS R BB 0 1 T PR 25 44 7 ZEth Al
464 BT DSA Rl ECDSA 284 5L 1 PR 7 5 BT 254 2 5 )7 LR Dy i A LA, JFV TSR LE 8, k]
B 7 R ARAR K. £1RHZ A, 1996 4, Gennaro 28 A VNEETH T HHELSRFA R SR IS (1) %2 J5 e 4507 1%, 5% DSA 5
IETIBR T AR Z T RAE S A 4 W B, 45 1 T3 B SR 5 BE AL S SRR DL R AL B 0 390, 24 1T BRARL A2 £ I,
BBFEF 2+ 1 M ARES B4, WAEHFEAET K. 2016 4F, Gennaro 25 N Bt 17 B $ 25 44 5032 1 22 1 X,
Yk ) i, FEF Paillier [RIZAR N5 5 SR IM 1T BRARASFNBE T 2407 (trapdoor commitment), #4438 T AL 11T BE DSA %5
4779, %7 EMIE T ECDSA %4 5175, b5, Gennaro 25 N Ut 13k 7 AT Ak, (1 T 2 05 e v SR,
e TR R A A0 ARIE B v, v T R S R B ECDSA T1RR 75 % B2 1% 7 FAK B T Paillier [77%
IS 6% i B, 2017 4F Lindell 25 A "M FI45 %0 ElGamal [{0032: R A SEVEAC#F Paillier 5735, Wit T 0 @3
(11 TP ECDSA 45 Aii 2\ 23 H 28 VLRI 28 4 V%

SM2 24 595 5 DSA/ECDSA 24 F: M H I AR E AR, BAR SM2 B4 h A S FAHM TN 5, (A2 n)
LR d IRIES (1 + )" BN — AN i, 6f H AT ik sl vk 25 545 70 3R 13 2 A0 00 FA B, 28 42
PR R IS B %2 0 R o AL DA S A% 1 AR B B L, R R R e s, ol HUinds
AHAFE] SM2 LR (r,s) AR TAEH 2 5 2T 5 IR RS EE SRR, &7k m A A B
B FT s, ARERH S N VIR 2014 SEATF T —ANE T SM2 [ 5 b2 44t i, AT BERAEH (SR
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2190 HAFFIR 2025 FF 36 K% 5 A

VIS [FIAR, Wb S N PRE T Shamir Bibas 2 55 10 SEAR, 43 BT S AE AT S T A AR AR PO I, ek T
B A SM2 8 44 S35, AR S8R ARG kGRS N E 2017 4R34 T — N B B S 2R SM2 w5 S 4 7
% 2 TV SRR T LU TR SM2 44 H T 4. 2015 45, Tie 25 N UL AR S 4y SN2 )5 2 4
THEEOR, 3T — M IC I AE 0 i) SM2 [TBRAE 4 T7 5, 1277 ST FAH R B35 7 S HOR K] ECDSA [T FR%:
275 SN R R,

2 EALFEIR

ARSI 7R B SM2 254 501 P), MtA il I AT Y K, TR SRS R A ST A 4.
2.1 SM2 ZZE %

SM2 22 S R B T ih £k B0 B 7 4 805, MR M E 25 0Ha. by p. ¢ M G: BEJREXNTE
£ PRk F, AR 2k, ek B A () AR Y2 = (P +ax+b) mod p, G = (xg,ys) &MLk b g B iZE .

WA BN m, A T3ROS m M54 (r,5), 44 Signer MAUT UL P2 HD K.

o FH

(1) B d e [1,9—1].

Q) WH P=[dG, ¥ PN RNARTE, d IR,

o B

() Bm' =mliz, z HH S Signer brIRA1 SM2 1R 1Hh £ (1355 43 S50 R 41 k.

(2) VW SH e = Hash(m') .

3) biLA ki ke [1,4-1].

(4) VAR I EE A (xy,p0) = [KIG

G) W r=(e+x) mod g, # r=03 r+k = g WiR LR (3).

6) W s=1+d) ' (k—rd) mod g, % s = 0 MR [FEHE (3), 75 ML 4 45 BN (r, s) .

AR Verifier WEIZE A (r,s) Ja, WL N PR 4.

o AU

(1) Ky r Rl s R AL s € [1,g— 115 WH (2,y) = [5]G + (r + 5)P.

() W = (Hash(m') + x;) mod q ; W7 v Flr Z 5 AHEE, 457 35 A0 55 W25 44 B d i, 75 90T 2 .

e, s TR LRI I R B

s=(+d) ' k=-rdy=A+d) " k-rd+r-r)=(1+d) "' k=A+dr+r)=1+d) " (k+r-r,

BT, B4R d MRIE (1 +d) TEB AV E R PR — /N g Rl SO (1+d) ! AT,
WG SRS B, FECHEE i 2 0 [(K1IG h Q.
2.2 MtA il

MtA BT RERE L B 7 i 0 A 3 SR AR OMVE 4 8140 T2 Allice FI Bob 43 Bl 5 FeIEAN 8 2, F 2y, Wi 2
z=2z,z; . Alice M1 Bob ¥f z, Mz, 10 MtA WMLEIEN, 20043 25t 2, Fl 2, W 2 = 24z = 2, + 25, . PRI LA
A8 FE 095 ) 5 I AN 28 S AR S B K ST
221 FETINE AL MtA Bl

IR RIZS B STEE LT 2 ANasin], 3 ANFVERT 2 ANIE 5. 2 A28 () ARG B S 28 ) MRV S R) & 5 3 AN
AFE AL ST KGen « NS Enc, Fff 25 5% Decy, % HAERE S KGen T LT AFAH (pk, sk, N
B Ency & M — & FIREZEME ST, IR3509: Decy, /& & —» MUIHE TSV, 2 MEH MR @ : EXxE—> E1B
HMo:ZxE - &8H, & XWR:

my +my = Decy(Enc, (m)® Enc,(m,))
k-m = Decgy(k® Enc,(m)) ’
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AR 5 SM2 3 F AL ik s 1R 5 RAER 2191

I R S5 5L Paillier 5310, Xt T Paillier 53, @ F1 o # 4k & X F:
Enc,(m;) ® Encp(m,) = Enc i (my) - Encp(ms).
k© Ency(m) = Encpk(m)k.

Alice Fl Bob 43 5l F5 A LA 4 z, Mz, Wi/ z = 2,2 . Alice FI Bob i 21 25 SR A% FH iny2 [7) 2 35 4 vk 52
I MEA T, AITERAF L4 84 2.

Alice.l 15 ¢y = Enc,i(z4) , K% ¢, % Bob.

Bob.1 BEHLA M 2, .

Bob.2 i1 ¢y =z50¢4, ¢}y = cy®Ency(~2,), Ki% ¢, % Alice.

Alice.2 15 2, = Decy(c)) .

Alice Fl Bob 73 R INEARH 2, Fll 2, , WAL 2 = 2425 = 2, + 2, -
222 FETAZZEAERN MA il

1-out-of-2 OT Fpill " AVF R IE TN 2 ANELESH (@, @0) , BRI B € (0,1}, & RS AUOT PAR A oy
OT BHMARIF BT ANHINE o, KIETTAKNIE B

Alice F Bob 73 Sl AT TeilAN 4 2, Fl 25, Wi /e 2 = 2425, 2p,25 € F,, 2 p = log,|p| . Alice F Bob i ik 1 25 3%
{fF 1-out-of-2 OT B SEHL MA FR3L, I SRAG kAR #ior ==.

Bob.1 FEHLAER p ANBENLEL, 708 wo, ... ptp 1 € F,.

Bob.2 Xt Fie[0,p=11. W =y, o =2z + g, T35 p DHRFEXT @10, 20),.... (2.0 ).

Alice.1 1t z, I BRI N 24, ...z4, -

Alice Fl Bob 41T p #X 1-out-of-2 OT i, 5 i AT I, Alice M ELHRF XS (10,2)) Hh3RAF £ .

Alice2 itH 2, = ZH il

i=0 !
p-1

Bob.3 i1z, = - o M
Alice 1 Bob 73 MIBRAF VL B 2, B 2y, Wi/ z = zazp =2, + 2, .

3 SM2 HFERE RN IIRITE R RIER

P TTRIF R 2 A5 7L R sE R SM2 B2 A TR R, AT = — 5 By e i A Ik
I, IS 507 N EEE 1A FAH, T UMETHE A, TR 2RI R, O T RS & B I FA 8, 2
A2 5757 RAZB S R 52 17 2 AR A8 2 RENLEL, (AR R B SR B R A B AL, AT 21t
S SE B2 44 LB, SM2 B2 28 4 ST g TR TS 5 R ZEP R R

(D) 2 N2 575 5E et RS AR 1, 20 A5 2 1 AN R, 2 /N FAEH 5 28 2 RV LR B IR OR R, I
] A FF 2R

) 2 M H5U5ME S, B2 2 5 0 = (k]G , Forh k h B2 BN

(3) 2 NS 5T B 2 BT Hh 2 k) x Bl AR BR DL A AG RS AT B 2L e, tFEEAR RIS EE 1 3800 .

D 2 NS HHEHPER 2 A REOT RN S5 15 r DLCE B a REATMETH L, 19218 4
56 2 3T s .

IR R N AR R N AT K A5 5 5 TR N R B S 25 A4 R B ) — i A AR AT AR L X
K

() FEEPLE RN B, T —2 57 Al A 84 RV G i FAA AT (5 8, 45 59 — 5 TR I e 411
BTN,

Q) EBL T EN B, AT —S 5 T At B XL A R TTTE B, 115 5 — 7 BRI e 3
BTN,
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2192 HAFFIR 2025 FF 36 K% 5 A

(3) TEB LT H I B, AT —2 57 TiER I e 3 12 44 WAL B sl 44 B AL AT AT (5 8, AT AN 239k R 5 3 1)
2 TN

R 8 73 FARH L5 25 24 AL BH B R s DR R, AR ST Y 2 P 5 T BR F 5507 SRR, 43 i) 25 1 Jfe s A vk (1 235 4
iy,

3.1 EFERAEZEARSOHESIIRITES RIES
3.1 B

HRAE5H 2.1 TR0, ASCH BB AV d BIRIE R (1 + a) " HEAT IRy, 1843 Alice ! Bob 43 BFFA #4 FA

Yld Mdy,d d~ dTERUFRR:
(A +d)y" =dids,
t R, B A Hd=d7'd -1, A P = [dG = [d;'d;'1G -G .

h T 9B IR RS RS>, Alice A1 Bob 38 i R 25 B U OREAT B 2 K S AT A K.

Alice.1 BEHLERG d, € [1,.g— 11, WHH P, = [d']G, KI% P, % Bob.

Bob.1 BENLERd, € [1,g— 11, 5 P, = [d;'1G, KX P, 45 Alice.

Bob2 1A P=[d;'1P, -G

Alice.2 A P=[d'1P,-G.

IR O R R R AR AT 5 5 5 LIk e R A L.

LAV, AR RO R, Alice SERESRIAN TE .

(1) Bob IIA%H P, = [d;'1G .

() BHBAEAH P =[d'd;' - 1]G .

b1 A 5 it 2 B OG5 B8 (elliptic curve discrete logarithm problem, ECDLP)!'™, Alice Joik M P, 3K d5', M
MIGTE T e 855 ARV VR PSR SE#% 4 AH d'dy' — 1 . AL, 7F ECDLP B F, Alice JLvkiln ik
T FE SRR SE 45 4 AVEH. [RJEE ] 75, Bob tH ICVALE 250 28 il A P R X Se 2845 44 FAEH.

312 BXEM

TERF— AT R FE T, Alice f1 Bob 5 ZEWMETHE —ANBEALIIIE INZ s 0= [kKIG . I T s=(1+d)™
(k+r)—r, Horr s A TFFHIBTF 4, BB AU kAL —A 2 50545, WS 507 G611 5143 212544 7
Hd=(s+r"(k+r)-1,EH T Lk A2k, F, fEPME TG 2k s #2 b, Alice 1 Bob #7224 %
H BN, SLIRI 2R 2 BENLEL &, (1T —2 5 7 LRI e 8 2 BEALEL, MM G 543 31428 44 FA .

AICSETIR s PMETH B AR, TR s R IE e R th4k 5 o MPMETTEIRE. S

s=(1+d)7 " k+r)—r=didy(k+71)—r =d dok +dyd>r — 1.

H T SEIL s EMETHEL, Bob MR I% dyr 45 Alice. T r A TFINME R, 4 T Bi 1k Alice 1H5#33] Bob 134>
R4 dy , Bob M AE BT —NBENLEL w, SRR A S0 AEH, T2 Bob i s) = do(r +w,) FERIEL Alice.
Alice B H s, J5 W AR BB —ANBEALE w, SRS B OIS R8T, & 0, Bk vl LU s s, 1384, . T
& Alice T15:

s=d\(s;+w)—r=ddyw, +d\w, +ddrr —r = d,d,(w, +d2’lw1)+d,d2r—r,
RE—ANER SM2 24, ZBAKNE k= w, +d;'w, .

2i |, Alice F1 Bob PMEHHH SM2 4 KR40 R, il 1 fiow.

Alice.l & m’ = m|lz, 75 e = Hash(m') .

Alice.2 BENLAE RT3 wy € [1,q— 11, W5 Q) = [w11G , Ki% Q, Fl e 4 Bob.

Bob. 1 BHHLA ELTH 5wy € [1,q— 11, 5 0 = (x1,3) = [W21G +[d;'10; -

Bob.2 t15 r = (x, +e) mod ¢ .
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X4 5 SM2 $LF AL Fik e P oy 1T oy FAER 2193

Bob.3 115 s, = dy(r +w,) mod ¢, K% s, Fl r 5 Alice.
Alice.3 T s = (d,(s; +wy)—r) mod ¢, B RIH (1, 5) .

o

m'=m||z; 1T 5 e=Hash(m")

|
BEAL A T 5wy e[ 1,g-1];
i O=[w]G

O e

BEALAE BLEL 5T woe[Lg—1];
5 0= =[] G+d, 110,

|
| 5L r=(x,+¢) mod ¢ |

|
| 5 s, =d,(r+w,) mod ¢ |

SN T |

<
<

i s=(d(s;Tw)=r) mod ¢

Bl L BT Tk B A9 o (M P R LEO Jy 1 BR V557 Ze A L

TEMETHE SM2 HF 25 4 (Wi FEh, Alice A1 Bob AEME T AN [F] (1 7 A I8 5 E I BENLEL, X Bk )RR 5
J7 SEAELE5E S 4k, 25 BRI P9 75 T TR VT35 28, BT 3 38 R A2 T e ARk,

(1) BEHLE w, D005 1 AT BB BENLE &y, How, 5k, IEBUE S AT (1,9 — 1] 92595040, 4305
FE s = didy(w, +d5 wy + 1) — r AT Bob K 205 AR ENEL a) Bl w, , NITTTGVEMR Y Alice (3553 FAEH d,

(2) BENLEL w, DS 1 ADMMSLRENL A R BERLE k,y , Howy 5 &y RIS AG#RAE (1,9 — 11 S50 A0, 4507
Fi 51 = do(r+wy) X T Alice Rt 2 DS PIA KR EEL dy Tl w, , NITTICIAF H Bob (853 FATH d, .

ARSCIETBEHLE &y F ke, , G524 R0 d, Alice F1 Bob [ A d, « &y AKENTINIE a7« 5", 3EAT 0
WARMALE, S A BB AN RIS, B0, w, (= 1,2) ITLUR &, 12— 0T B LA SR BENLEL W7 LU dik,
T4 AN 5 AT BENLA: B BB R TR, T LU d 'k, , I A 5B 43 RL A R 336 55 M Bl AL A2 B BE ALK ) 3R A B
LR L +dik;, 1+d 7k, di+k; , d7' +k; 55

FERARPI B T e, s 3l B SOH B D TRV LR

B35, w, BT DM 25 44 FA G d BEAT R, AR Alice A Bob TGiEZKENE A T d, (BT LU — & 1T
A, 175 Alice Fl Bob ZEANHNIE d ITEHL T, 36T P A G 52 A A BHLEOR G . ROBEALEL & vl 352840 h

S B
k=w, +d;lw1 = dl"dz’](d,dzwz +d,w)) = ((dl’laf;l -+ 1)(d dyw, +dywy)
=(1+d)(d dyw, +dyw)) = (1 +d)d dyw, + (1 +d)d,w,.

2 (1 +d)dyw, =w), (1+d)dyw, = w) , (TFFBZBENEL k = dyw) +w) .

I, Alice F1 Bob Aefglid W T A B ETHFANIE #2221 0 = [K]IG .

Alice.1 BN w, e [1,¢-11, W5 0, = [d1(P+G), O, = [dw 1(P+G), K% Q, F1 0, 4 Bob.

Bob.1 BHLAE 5 w, € (1,911, 75 Q = [dow,]10, + O, .

AR R A ik a0 MPME T B AR T A A0 P I SO R AN R, (025 44 BEALEL ) A4 i A
[, #AE ko= wy +dy'wy . B, s T8R4 ESCAH I R D R VH SR ]

HT w = +d)diw; , BRI w, FEH, w; 7 DAHNEE A : A +ddik , A +d)d?k; , A +dk , (1+d)(d;+d?k)
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2194 HAFFIR 2025 FF 36 K% 5 A

(A+d)d+k), (1 +d)(d+dk), (1+d)(1 +dk) 5.

BT A, ASCH S JURP Sl 5. 3% 1 s T ARS8 d AL BN LB 1S T 5K
2R TREBARY] d ML BENEBHIETE P S 1ad BERIZT R SR 1R IRIrE Lo DT
%, AR Z KA T 28 Q I METH R RER A A8 P, M2 T84 BB AR a . TR 2T 5

MIREA 50 2 #8735 MIR], FE4R 2 hAa .

T T ALY PI BELEHE S 1) 52484k
wi w2 k=w)+d;'ky s=+d) " k+r)-r 5
ko ko +d;lk| dydrky +d 1k +(d1dr— Dr 1.1
daka daky +d; 'Ky didsky +dyky +(didy = 1)r 1.2
dy'k; dyl(key +ky) di(ky +ky)+(d1dy - Dr 1.3
ky 1 +drky 1+ doky +dy ' ky didy +dyd3ky +dyky + (dydy - Dyr 1.4
1+d;'ky L+d; (ko +ky) didy +di(ky + ki) +(didy = Dyr L5
dytko dy+ky +dy 'k didj +dydaky +dyky + (dydy = )r L6
dy' +k; dy' +ky+d;y'k di +didaky +diky +(didy = Dr 17
ky ko +d;'d; 'k didrky +ky +(ddy — 1)r 1.8
d71k1
: dy'k; dy (ky +d; ' ky) diky + ki +(didy = Dr 1.9
K2 HETR LT BN EHE S A5 2 I B0 1
wi wh k=dywh+w] e
(1+d)daky (1 +d)(dydaky +dyky) 1.1.d
(1+d)d5k; (1+d)(d d3ky +dy ky) 1.2d
(1 +d)ky (1 +d)(diky +diky) 13.d
(1 +d)dky (1+d)(dy +d3ky) (1 +d)d1d +dyd2ky + d1ky) 1.4d
(1 +d)(dy +k2) (1 +d)(d1da +dik +diky) 1.5d
(1+d)(d3 + daky) (L+d)(d\d3 +dydoky +d 1 ky) 1.6.d
(1 +d)(1 +daka) (1+d)(d +dydyky +d1ky) 1.7d
(1+d)daky (1 +d)(dydaky +ky) 1.8.d
(1 +dyky
(1 +d)ky (1 +d)(dika + k1) 1.9.d

BI85 58 5 A5 S 7 e ol BE LA R R HE SR EAT SEAL, 75 A 7 TTBR V575 26, o th & 17 i%
MERTHMOAH AT IS H% 11,13, 1.8, 19 HUATF R, HRE N7 . X BEHLE w, Bl w, BEAT AR
AN [ e Y AT A BUAR ST Y R BITAT S Bl 5 58, Se BEIN SEBIALTT SE A% AT LB 5% A R IR AL EAS BT, DL
BN TT SIFARDTA AT RETT 58, PLE i A ALK 2 4 BRI, 3] T Se B A5 2 P 75 1 TR VH 55 256

313 w&EaN

55 3.1.2 PRI T T BRAE AL VR R N R IR AR A2 5 T VRIS B N A FA T )

TR RPIAERTAE B,
2R IR
TE— IR BMER 4, Alice RESESRI U N .
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X4k 5 SM2 $LF AL Fik Py 1T o BAER 2195

() B4 145 r=(x,+e) mod ¢;

(2) B4 2 &5 s KT AMH 5, = dy(r+w,) mod ¢,
e, r BATFEE B A S LT Bob RIS E, s, 17 Bob HIFAZE(S B dy Flw, . Alice iR MTHE s, — rd,—
wady = O PR dy Flow, , 1% FE N ZJ0—IR T FE. Alice 4 d, 1E [1,q — 17 DX [A] L3 JIEE, 155 2 6 R w, =
dy'sy—r, FRENZ T RELE [1,q— 1] XA L[ (g— 1) 4L, Alice MIX (g— 1) 4LAFHIREL dy Rl w, BIMERE SR F 55 25,
X T Alice 15, AHE TV AR L KAE AL R B A 4, B4R B G B I 5 BRI Bob [M#4r FA%H d, LA
JBAHUEL w, BIXERE. i Alice 5 Bob HHT 2 IR UMEZ 4, B4 Alice USRI 1 AJ7FE. WE8 i IR 4
Alice SRIII RN s — lidy —wild, = 0, T8 2 MARIEL, 4550 d Fwl . REIRZ 4 Bob #i4x 8 I AH R )
HOFAEA dy , IR BEHLAE BT 5 1 ANBHLEL Wl . R Alice Tl 5 Bob 1) n IKMEZS 4, BEWESRE— AN n A
JIFRLL I T RRA, Ho L (n + 1) ANARAIEL Alice 2 d, 75 [1,q — 11 DX A1 PIHUE, FTTHE 26N wh) = dytsi? - 0.
FENZ T FEALAE [1,q— 1] XA 1R (g— 1) 4L, Alice MIX (q— 1) ZLMR - 3REL dy AWl (1000 55 25 ) 1~ 95 2% X1
Alice M5, B T ERZ LU AL LB AR, ER FRE BFHE R Bob M2 A8 d, LU KE
MUE Wi IR . 3E—20, ARAB 2 44 B LB G 1) 22 A 20K, wh) B A& 2/ | AL RENLA i BEHLE, BRI
FARPIW 7 TRV 7 P, Alice WBIGIERAFITE 1T RE4L. 27 b, Alice Tk M BIMESE 4 (1928 B Ik F R IUAT AR
Bob [MAAEAR &, ML SR 503 (19 % 2 FAEH 0l 55— o0 FASH AT 15 2.

IR OMEZ 4, Bob AEBS RN 15 8.

() M R 0, = [w]1G .

Q) BB R E e

(3) B4 2By s = (di (s, +w;)—r) mod q .

1T ECDLP FIG A5 bR £ 22 41, Bob JGiE M Q, il e HPERIEAT(E B 1T s 25 Alice A E R 4, Flw, ,
H s, %}F Bob kUi CLAN1, Kkt Bob ik A FE s—dysy —dywy +r =0 FfifH d, Flw, , RN 60— IR FE.
Bob 4 d, 1 [1,q— 1] X i) F3@ P, -85 20 R wy = d' (s+7) — sy, fHEZTFAE [1,q - 11 X L) (g-1)
1. Bob MX (g— 1) AP IRIL d, Al w, WHEEEEER]T-9528. X T Bob 1M 5, AR T IR 25 4 Bk A8 LA K &%
B, HARE RIRE B FRARIREL Alice I RH d) LLABENLE w, WM. B Bob 5 Alice #4722 B
1264, TR A4 Bob HRAEMEIRAL 1 /NI FR. 105 i R4 Bob SREUW T FE A s — sid, —wild, +r0 =0, Frp a5
2 ANRENEL, 73k dy FEw! . R4 Alice EREE AR R 23 RO EH o, , FRASZBEALA: a4 1 ASBEALEL w!
Mk Bob Wit 5 Alice (1 n IRPMESE 44, REGSSRIN—AN i n A7 RRALR I 7 R AL, HR A (n+ 1) AR AL Bob
A dy 15 [1,q— 1] D IR) 3 P U, Hok 55 2 X R whl = a7t (s + ity — st 4330 5 FRAE [1,q - 1] A B (g - 1)
ZHfi#. Bob MIX (g — 1) 4Lf# T IREL a, A w3 2 55 ) T 55 26 55T Bob 11 &, AR T R 44 BiF AP LA K28
ZEE R, IR LIRME B I EA BRI Alice 1938 R 8 dy LAABEALEC WY (OHERE. 3E—20, MR 4 BE L B0 &
sk, wi BREE R 1 AN BENLAE SIYBENLEL, BRI B A9 5 T RR V57 22, Bob W Joikisk i
FRAFIN T FRA. 25 &, Bob JoiE M HMESRE 4 (A8 B R PSRBT AT Alice WAL R, AT JGIEIREL S 3 1) 25 44 Fh
BB — R RV R AT A5 .

BRAFAE—DIMTTTF Adv BEREIRIUA THE B LA K 22 A4 il FR Nl A5 15 8, e

() M R 0, = [w]1G .

Q) BB R E e

QB)BXE 15 r=(x,+e)mod q.

(4) B3 2 #45 s I E 5, = dy(r+w,) mod g .

(5) B4 2 #5895 = (di (s +wy)—r) mod g .

(6) BHWIEA P =[d'd," - 1]G .

1T ECDLP FHM 75 B 22 2, Adv TBVEM O, « P Flle FIRBUEA (5 B Adv iKMW 10 s, — rdo—
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2196 HAFFIR 2025 FF 36 K% 5 A

wad, =0 IR dy, Mw, , FHFINFTFE 20 s—dis;—dyw, +r =0 TR d, Flw, . Y5 LK 458 a7 50, Alice A
Bob TovE 4y KA T B2 1 FU5RE 2, B Adv 48 145 520 T Alice Al Bob. Bk, Adv Tk A5 FE 1 FIJ#E 2 o
it dy~ dy~ owi owy . BEIE, AR AL BENTECE 1 TR, wy Bl w, B R 1 AN BEL AR I B
BLEL, RIEAE BRI 7 TRV 55 b, TCF Adv W IEIESRAR TS 1712, 28 b, Adv TEIE M PMES 4 A8 o
FEHREUE R Alice I Bob HFAZE AR B, AT JCi%RE SE4E 2 4 BABUE— S 5 5 I 40 BV,

3.1.4  ZBEHLEPE 7T TRV T EHESE

35 3.1.2 WA Y Alice 5 Bob WMETH MR M2k 5 Q MR, Alice i FHBEHLE w, « Bob 18 FH BENLEL
w, LK B OB FAH d, W Q = [wy +d;'wi1G . T AL &' BEF TUHE Q TR s, X oyt BT A S i
AN BNE. B2, Bob AT LA &t , T2 B e il — AN I BERLEL ws , 815 O = [wy + wiws ]G, EIZE44 B
BUEL k= wy +wyows X AL s EMETHRE R R A — LA 4k, s A

s=dd,(W, + wiws +r)—r =ddyw, +didywws +didrr — r = di(dyr +dow,) + didywiws —r = dys; + (dyw)(dyws) —r.

T SEE s BIEMETTHSL, Bob AMY T K IE 5, 48 Alice, BN K% s, = dows 45 Alice. 2R )5 Alice 1155 s = d, (s, +
Wi S)—r1.

B2, R0 IR s P (dyow)(daws) T4 BEATHTE. B Bob 7EBMETH 5 s I TT LU B8 £ (IBEALEL, 0 A
Wya2s Wyazs oo s Wayer s FEEATSI RIS B QIR REH a, AT, HRIEST Alice. Alice W43 HIAH AN REN L S 2 AH
T, WA wi,wa, ... wy , NITTTHEAFE] 5. 25 12, Alice F1 Bob PMETHH SM2 244 (L F2an R, W&l 2 firos.

Alice.l & m’ = mllz, "5 e = Hash(m') .

Alice.2 BEHUA ST wi,wa, .. wy € [1,g— 11, W5 Q) = w16, ..., Q, = [w,]G, Ki% Q,,...,Q, Fl e 47 Bob.
Bob. 1 BENLE BB Wi, Wz oo Wayer € [Lg— 11, W O = (x1,71) = Wyt ]G + [Wy2] Q) + ...+ [W2y11 10, -
Bob.2 T r=(x; +e) mod g.

Bob.3 15 5, = dy(r + wy.y) mod g, s, = (daw,,,) mod g, ..., Sye; = (dyWnyyy) mod g, KX sy,..., Sy AT 45 Alice.

Alice3 THH s = (di(s) + Wiy +... +w,s,,1)—r) mod ¢, BN (r,s).
B2 A BEHLEL & = Wyat +WiWyao + .o+ Wy Wo

Bob

m'=ml||z; T+ 5 e=Hash(m')

[
FEALAE sk i 5 Ww,wz,...,w?,e[I,q—l];
W 0=[w]G....0=[w,]G

[N oy

BEHLA BT B W, Wy, Wy €[ 1g =115
T O=0x1.9)=[W, |G HW, o]0+ H w10,
[
T r=(x,+e) mod ¢
|
5L 5,=d,(r+w,.,) mod ¢;
$,=(dyw,..) mod q.....8,,=(dywy,.,) mod ¢

B S 7 |

|i|‘fﬁ s=(d,(s;twys,+...+w,s,.)—r) mod q|
Kl 2 BT IRk B AR o (0 2 LB 7 T BR 557 2R AL
TEPMETHS SM2 -2 4 i F2+h, Alice F1 Bob REWE I ik AN [ (¥ 7 MG & H I REALEL, X5 ik | v 5

J7 SEHEZLHEA TSIk, BRI RIS 3 A2 N 3 2 A R
(1) A T EGAH N, BEHLE wiw,, ... ow, BIEE /0 1 AL RENLE B BENLE &, , ELHCS &, BOHUE 23 A 48
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AR 5 SM2 3 F AL ik 1R 5 RAER 2197

K [1,qg- 113595010, AT Bob TLiE M TTHE s = d, (s, + w8y +... +wys,,,) — r THFH Alice B FAH 4, .
(2) BERLE w,,, BLE 2 1 ASZBENLA SR BENLEL k,, HILY &, WHUE 2 A 52 (1,9 — 11 3959904, 64377
T2 51 = dy(r +wy) AT Alice R DEL SN RIEL dy Fow,,, MITTTGIEAE H Bob F34 FASH d, .
(3) BENLEL wysss .. woyey BT 2R 1 AT RENLAE SR LS Ky, B & WHUE A2 [1,9- 11395
o370, A1 Alice ToVEM s,,..., 5., TEREL Bob [N/ FAEH d, .
5% 3.1.2 e wy Fow, ERBL, A CFE TN L (= 1,2,...), 4684 d, Alice F1 Bob KI5
B d v d URENTS a7t ay BT ISR &, SCBLAE A BENLE wy,..., w, T wy,. ., wap FIAR R,
TERARI S TT Zerh, s F BRSO B IR 2 SR SRR
2, w, BT LM 25 42 FA BT d SEAT R, B4R Alice A1 Bob TGiEIREN S A d , (BT LLE T — B 1B
4, 73 Alice 1 Bob 7EANHITE d IM1HHL N, 551 P G 58 %5 A BN LSO i . BPRENLEL & vy iE— B840 o
TN
k=W, +Wiwym+. . WoWoyy
=d;'d,' (didy(Wys1 + Wiwyo + ...+ WyWo,01))
= (1+d)(dids(Wys1 + WiWyo + ...+ Wy Wap1))
= (1 +d)dydywyoy + (1 +d)dydyw\ Wyip + ...+ (1 +d) dydyw, W)y,
L (L+dydywi=w) (i=y+1,.... 2y + 1), dyw;=w} (i=1,....y), ERBAHIE k=dw),, +wiw,,+...+ ww, .
G, Alice 1 Bob fgigitiad in ™ A BWMETH MR th 2 5 0 = (k]G .
Alice.1 BENLAE BB wi,wy,. .. owy € [1,g— 1], TH 0, = [d1(P+G), @, =[dw1(P+G),...,0,,1 = [diw,]
(P+G), Ki% Q,,...,0,. % Bob.
Bob. 1 BHALA T 5 w1, wyas s wayer € [1L,g=1] 5 W Q = [dow,1 ] Q) + [dowyn] O + ...+ [dswy1 ] Oy -
AR FIRMGI 2k S O IME T SO R T A A4 P SO REAT BT AN, {0 2544 BEATLAL & 1X R 3 A
[, #AE k= ey + Wiy + b wywny, .« BRI, s 0383 IR B SO B AP SR T SRR A

B w =dw (=1,....9), W& wi, . ow, BUE, wi,...w, TN : diki, diki, ki, di+dik;, dy+k;,
& +dik;, 1+dik, dik...k; 55
BT w, = L+ dydow; =y + 1.2y + D), B0 wyer o owny IVBUE, wi,oows ATELRRER: (1+d)dsk;,

(I+d)&k;, A +dk:, (1+d)(d+d2k), 1+d)(dr+k), (1+d) (& +dk), (1+d)(1 +dok), (1 +d)dsk;...k; 5.

PR TR, A SCH T LR SE4I4L T7 6.

JA SR 3 RN T Wy = 3 1), AMUEZE AR d A BENEIETE .

Ja XK AR T Wy =3 0, W& AR d RS ABHEE B P59 3.xd BERWZT R 5L 3 T
J1 5 3 AR J7 58, ANIR) AT TG 1R th 26 it 0 WM ETHR R RS A8 P, A4 T2 44 BENLEOR 75 48 FH A
Bl d . & B IZE A5 2 35 s M, 7E3R 4 TP,

BT 5 J7 28 6 TR TR el 3 i BT R 3 T HE SR 8R4 T S il4k, 49 BIAH N B 7 1T BRVHR Dy %, Hoh b &5 7
HHER PO ATF R, H% 3.1,3.9,3.10,3.11 O AT R, LRI M . SHBEHLE wi, wa,... Wy
HEAT AH Y. (1) S ) 46 R RT 45 BA SC BT H& 0 1 B A S A s 8. (AR BB 2, LA RSl b IR AR B T e T &,
JUAT 6 A BT E 2 TR IR, 35T HEAT S48 4k
3.1.4.1  wAeHT

5314 W TREGR R 5 T BR A A U A R R R e K AT 5 5 U7 VR A e A I 2 4 FA B
A RPAATAE Q.

AR,

IR OMES 4, Alice BERSIREU AN T {5 B

(D) BHFE1ED r=(x,+e)mod q.
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R3ILTIRIEEYIIRI) 10 2 BEHLEE SR ) L4k

WlAE}c;e s wa WSBObWG s k = wq +wiws +wowg +w3wyg s=(Q+d)Vk+r)-r 5
k3 ko +kik3 dydaky +dydokiks +(didy — 1) r 3.1

daks ky +dok k3 didaky +dyd3kiks +(d1da— D) r 32

dy'ks3 Ky +d; ' kyk3 didaky +dikiks + (dydy — 1) r 33

Lrdoky o ko +ky +daki k3 didoky +dydaky +dyd3kiks + (dida = D7 3.4

o NullNully g ko + ki +dy ks didoky +dydaky +dkiks +(dido — D r 35
dy+k3 ky +daky +kik3 didoky +dyd3ki +didokiks +(dyda = D7 3.6

;' +ks ko +d3 ' ky +kiks dydaky +dyky +dydakiks +(dydy — 1) r 3.7

koks ko (1+kik3) dydaky (1 +kiks)+(didy — 1) r 3.8

koks k3  Null Null k3 (ki +kp) dydoksy (ki +ky) +(dyda— 1) r 3.9

dl’zk1 ky kz kg ks dz’zk6 k7 d;2k1k5+d272k2k6+k3k7+k4 d;ldzklks+d1d£lk2k6+d1d2k4+d1d2k3k7+(dld2—l)r 3.10

& ok ks ki ks a4k ko dy'kiks+dy koke +ksko+ky  dakiks +dyds koke + dydaks + dydaksks +(didy = Dr - 3.11

R4 FTBAMAYINZ BUHLUENME LR A BN R i

Alice Bob

viowhowh v s v, W, k=divfewinlewiwg ey Y
(1+d)daks (1 +d)dydy (ky + k1 k3) 3.1d
(1+d)d3ks (1+d)d1dy (kp +dokik3) 3.2.d
(1+d)ks (1+d)dyds (ky +d; ' kik3) 334
(1 +d)(dy + d3k3) (1+dydrdy (ky + ky +dokik3) 3.4d

aky Null Nu  (FOBR b e
va T (1+d)(dy +k3) (1+dyddy (k+ ki +dy kiks ) 3.5d
(1+d)(d3 +dak3) (L+d)dids (ks +daki +kik3) 3.6d
(1+d) (1 +dak3) (+d)drdy (ky +dy 'y +kik3) 374
(1+d)dokrks (1+d)d daky (1 + k1k3) 3.8.d
(+d)ydokaks (1 +d)daks Null Null (1+d)dydaks (ky + k) 3.9.d

Ak diky diks  (1+d)doks (1+d)drks (I+dydy ke (1+d)dak; (1+d)dida(dykiks +dy 2kake +k3ky +kg) 3.10.d

diky diky diky  (1+d)daky (1+d)drks (I+dydy'ke (1+d)daky; (1+d)dida(dy kiks +dy 2 koke +k3ky +ks) 3.11.d

(2) 8455 2 5 s WA 5, = dy (r +wyey) mod g, 5, = dyw,,, mod g, ..., Syey = Wy, mod q .
Hp, r BATFGE B HAGE AR Bob MAAKEE, s1,..., 5. B Bob MWAFKGEE dy, wyirs..., Wy, - Alice i
B SR fift ik T RE4

Sy —rdy =Wy dy =0
S —d2W7+2 =0

FITRRA S y + LN TRE y + 2 DRABL Alice 4 d, 1F [1,q— 1] X IA]_F3 PIHUE, FHHE 5 2R w, (e ly+1,
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AR 5 SM2 3 F AL ik y 1R 5 RAER 2199

2y+10), Hofw,, =dy' (sy—rdy) , wyy=d5's, (L€ [2,y+1]), fRENZ A FRALN (g 1) 4L Alice MIX (g 1) AfEH
RE dy , Wyrs .o Wayey PIHEBESE TR T3 28, X0 T Alice 5, AHE TN R LI A HU R B A 4R, 447 Bk
7 IR FRACER I Bob IEE > R dy DA RBENLE w1, .. woy e IISERE. R Alice 55 Bob AT £ IRIIMERS 4,
TR 4 Alice #REBIRAF— ANy + 1 AN FRAR A FRAL, 1058 § IR 4 Alice SR 77 FR4L % :

i _ g ol g —
sy —rfldy—=wy, dy =0

s —dzwlyiiz =0
TRy + 2 D RENEL 53000 d Fowt? L owh] L BRI Bob #ES AN (K158 23 L8 oy, ST BEHL
PERRERTHSE (r + 1) ANBENLE WL Lol DRI Alice JEIE 5 Bob () n IRIMERE 44, RERSARIN AN n(y + 1) DJTHE

ALIATREAL, B n(y + 1) + VNARFIEL Alice 4 d 78 [1,q — 11X TA] 3 I HFASE 5201 wi(j e [y +1,
2y+1]), Hrhwll =g (s[;'l =ridy), wil, = d;'s) (1 e [2,y + 1)), FHEIZITRALIG (- 1) AUR. Alice NIX (¢ - 1) 4LA#
FERI dy , Wi HIRERERE RT3 28 0T Alice T, AR T OB A I E AP AR 40 R, SR 1

AR BIFBA FEATIRI Bob [R5 AAH dy LASBENLE WL . wh | BOHESSE. HE—20, MR 25 44 BERLEOH 35 (1) 4 42

SR, wil Lo AL T AT LA B BRI LR BT TR VS5 5, Allice thIETAR
A T FR AL 25 B, Alice ToiE MW UMERS 2 A8 H IS AR HP 3R EUE AT Bob HIFAE AR K, M TC i IREN 8 4 (1) 25 44
FEHE) — R RIS .

E—IRIMEZE 4, Bob AEBE RN N5 S

(1) M2 2L Q) = [wi]G,..., 0, = [W]G.

Q) R AR .

(3) BAHE 24 s = (di(s) +wiS,+ ...+ W,yS,.)—r) mod g.

thF ECDLP FIMs 75 BB %2 42 1, Bob LiE M Q) Fle HF3RIATATAE 2. 1M s A7 Alice FAE(E B d, FI
WisWas.. ., wy, Hosi,one, Syer X T Bob SR AN, Bk Bob I EISKAE 52 s — s1d) — ... — s,aw,d, +r =0 1% T2
BE G+ 1) DREEL. Bob 2dywi,....wyy 2P AIALE[Lq— 1] BXIR] Lz P HOE, JF 55 2 % RN Mw, =d;'s)]
(s=sidy—...—s,w,_d, +r), RENZTTRELE [1,q— 1] L (g 1) 44%. Bob iX (g— 1) 4L IRI d, Flwy,w,...,
w, BIMEREIE KT 5526, X T Bob i &, AR TN EEBZ AW AL LA 4R, i i fE R IR FRIGRE
Alice FIFB 2 FAEH dy LA LZBEHLEL wy,wa, ... w, IIHERE. {11 Bob 5 Alice #EAT 2 X IMEREA4, BHIRAE 4 Bob #RHEW

B AR, A5 § U4 Bob FRILIIT ALY $ - d, — - s i, + 10 = 0. LA ¢y + 1) A REVE, 5
S dy Al il R 4 Alice BE2AEFTAIRF SR d, , FEHST BEHLAE B B o ABHLEE Wi i

Ak Bob it 5 Alice [ n IR IMERS 4, BEBEIREL— At n A7 RRA R T RE AL, P S (ny + 1) DM ARSIEL Bob
Lyl GBI [1, g = 1] DTA) L DU, R 55 26 R wit = a s s — s — = st dy 4T
FFENZITREAAE [1g— 1] DXIR]_E ) (g — 1"V 4167, Bob MK (g — 1"~ ZLAgFARH dy A wl wi, L owli! (K93 E
TR T-F526 65T Bob 1 &, AR TN EEB L BAE A AU KB A 4R, H48 FRfE B A B Alice BT
AT dy DOSBERLE W, Wi, wl (RIHESE. 20, RARRE 4 BHL R 3 ) 2 A 2R, wi, il o /b
L AN BEHLAE B BEALEL, BRI AE BRI J T IBR V555 2, Bob IG5k A3 1K J5 FR4H. 3 F, Bob TG\
PERZ 2 MRS B AR TR BUTAT Alice [AAR(E B, AN JC ISR 56 2 (1 % 4 FAH B 53— 4 FASH IAATAT 45 5.

R AETE— AN HMNEBECT Adv REBEIRELA 5 B LK 4 AR O FE M5 15, A

(1) W HIZL L Q) = [wi1G,..., 0, = [W,]G .

Q) R AR e

B)BHHE1E89 r=(x,+e)mod q.

(4) 2456 2 #53 s WP IAME 5, = dy(r + wyyy) mod g, 5, = dywys, mod g, ..., 5,41 = dywsy 4 mod g

(5) B 24 s = (d(s1+ w18, + ...+ WyS,.)—r) mod g .
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(6) BLWIEAH P=[d'd;' - 1]G.
M1 ECDLP FIRA A A 24, Adv TiEM Q,..., 0 ~ P Fle PERBUEMIE R, Adv IXEI N5 FR4L 1
§1=rdy = Wydr, =0
$2—dawy =0 iRt A ., Wayets HITFE 2 5= 51y — - = 5, wydy + 1 = OPHRHS &, B wy,w,, .., w,.

FRAR 3 22 41 3 B el 40, Alice 1T Bob Joi2iy Gl sk g 75 241 1 A2 2, AL Adv AT 48 145 8 />T Alice Fil Bob.
i, Adv TCIEMTTRRAL 1 RUTFE 2 TR dy v do v wrs. . Wy - HE20, ARRSE R BN LBORIE IR 22 22K, w, ..,
Wayer SR T D 1 AT BENLA R BEAEL, AR BRI 7 1T IR b, 80T Adv R0k T 1)
JiFE (4). 5 b, Adv JCIEIMESS 44 178 B I R SRIATAT Alice R Bob [FAB(E B, MM SRINGE 31 2 4
RSN —Z 57 ER 7> R .
32 EFAEEARSNIRITEESR
321 EYHAEM

RYEEE 2.1 M, ASCBEL Y d MFIARXT A+ ) AT INEIR 5, 113 Alice A1 Bob 435345 ¥ 0 FA
PHd Mdy,d d~ d WU FRER:

(1+d) "' =d +d,

th ESCATANd = (dy+do) ' =1, (VAW P=[d]G = [(d +d)) |G -G

TSI R INVE B AR 4Y, Alice R Bob I MtA 0K 7540 80000 S 3628 vk A 443 =2, @it an
RS AR R

(1) Alice F1 Bob SEILET 3.1.1 5 ik T o 2 PR 70 B A A, 40 AR BRI = B a, Bl .

(2) Alice H1 Bob JL[F3ZAT MtA B, 7370 LL d; F1 d; 1E 24 MtA BN, Alice 1324t 4, , Bob #32itl d,
W ddy = dy +dy . TERINTEB AR 57

IR O R AL AT R S 5T RS R A V.

AR IR, LR A i B R IR R MeA B AL, BT A 3.3 R T T aRIE R
PR M2 Ak, B MA PhsUR 2241, BRIt B2 A4 ol FR o e 4.
322 B

e 3.1.2 TR, Alice Fl Bob 5 ZL3L MG 25 2 RENLEL &, (3T E S 5 7 IR SE B 1 25 44 BEHLEL.
ELA:

s=(l+d) " (k+r)—r=(d, +dy)(k+1)—r=(d, +d) k+dyr+dyr—r.

N TS s BIEMETTEL, Bob MR IE dor 25 Alice. T r 2 ATHE B, 4 T Bilk Alice 1141132 Bob A d, ,
Bob Wi —ANBENLEL w, SRS A TR A, T 52 Bob 15 s, = dy (r + wy) JERIELS Alice. Alice 0% 5,
Je th N I — AN BEHLEL w, SRR A SR P, T2 Alice T

s=d\(r+w)+s,—r=dir+dyw, +d,r+d,w, —r
=(d, +d,)(d, +d>) " (dyw, +dowy) + 1) — 1,

KR HB SM2 %44, AN k = (d, +do) ' (dyw) +dow,) .

zi |, Alice Fl Bob HhEHHL SM2 244 (i Fitn F, 4l 3 fios.

Alice.l & m’ =mllz, % e = Hash(m’) .

Alice.2 BELAEETH S wy € [Lg— 1], W5 0, = [diw,1(P+G), Ki% Q, Fl e 4 Bob.

Bob.1 BAHLAE BT w, € [1,g—1], WH O = (x1,y1) = [dow:](P+G) + O, .

Bob.2 75 r = (x,+¢) mod q.

Bob.3 T s, = d, (r + wy) mod g, 1% s, Fl r 25 Alice.

Alice.3 115 s = (d, (r+w)) + s, —r) mod g, ZEH X RIK (r,5) .
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o

m'=m||z; T+ 5 e=Hash(m")

BEHLA a5 w e[ 1,4-1];
5L 0=[dw\(P+G)

O e

BEALA BT w, e[ 1,g-1];
T O=(01.0)=[dow,](P+G)+0,

|
| 5L r=(x,+¢) mod ¢ |

| L s=dy(-+ws) mod g |

SN T |

<

5 s=(d,(r+w,)+s,—r) mod ¢ |

B3 SR nide s glae o0 i P BT E M Jr 1) RS SRR

FEMETI L SM2 B2 4 (i 2R, Alice F1 Bob REWSIE AN [H] (1 7 A 3% 4% H IBENLEL, X 1R T BRVI-5F
J7 ZERESTAT S5k BEATLE AL 3 R A2 T ik 2 A oK.

(1) BEHLEL w, 2D 1 ANBOTBEHLA I BENLEL ky , How, 5 ky BB AT [1,q - 1] 350 504, 1643
T s =d, (r+w)+s, —rXT Bob RGO RIE 4, Flw, , NTITCIEMEH Alice A d, .

(2) BENLE w, T E DA 1 AT RENLAE A BENLEL &, , How, 55 &y BIBUE D AL [1,q— 1] 395504, 45
TiFE 51 = dy (r+wy) BT Alice K it 25 PIAN R ENEL dy Flw, , NTTTCIEAF H Bob [WFATH d, .

558 3.1.2 TR wy Bl w, MG, AEINTE TR IS DU T, AT LSEILAE 44 B LA AN R #4 3.

BT R, ASCH R LRSI T 5, Wik S s,

RS ST ks YR B H LACHE S 1) sl 4k

wi w2 k= (dy +dp)"" (dyw1 +dawd) s=(1+d) k+r)—r 75
ka (dy +dp)"\(d1ky +daky) dyky +daky +(dy +da—1)r 5.1

d5'ka (dy +da) N (drky + k) diky +ky+(dy +dy = 1)r 52

5%k, (d) +dp) " drky +d5 k) diki +d5'ky +(dy +dy = Dr 5.3

i 1+d;'k (d +do) " (diky +da + k) diki +dy+ko+(dy +dy = Dr 54
1+d;%k, (dy +d) N diky +dy +d5 k) diky +dy+d; ky +(dy +dr— D)r 5.5

dy'+ ko (d) +dp) ™ (diky + 1+ daky) diki +1+daky +(dy +dy— D7 5.6

d; +ky (dy +do) ! (diky +dy" +daks) diky +d5" +doky +(dy +dy = Dr 5.7

a7k dy'k (di +d2) ™" (ky + k) ki+ky+(di+d2=1)r 5.8

B3 J5 58 5 A5 & s dn e S BEATL SRR 3 XM SR BEAT S 4L, 15 2R R P T BRSO %6, s T
ZHER R M O ATF 5%, J7 % 5.8 A AT 7 %, LRI N B )5 5. EBENLE w, F1 v, BEAT AR A AN ) 5 4
BRI 3 BUARSCHR R BITAT S Bl 5 56, Se BEIR SR 7 SEA% AT LB 3% A R IR A2, fEAS B IR, BL BB
SN TT ZIFARBTA AT RETT 28, Mot AL B L 2 2 BRI RE, Y49l T SE s 2P 07 T TR o575 2.
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HAR T LA IR 3.1.4 37 IRk AR 2 10 7 SO B 2 BEHLEC T I dywy, Fldyw, B3 wows Flwow, , IGES
k=wws +wywy = d, (d; wiws) +dy (d5 ' wowy) AR TR k= wows + wow, , YA & = dyw) + dyw), AT
R I R ST

wy = dI_IWIW3,

W, = d; ' waw,
Bl k=diw, +dow, EEETT k=wiws +wow, FIFITH 7] BER I, DRI PR 6 3% A S brms X
3.2.3 LA

55 3.2.2 WHTIR MW TRV A R AL R 2 A B R AT — 5 5 7 IR RI e B 28 4 A H B
— A AT E .

AU,

TE—RHMEZE 4, Alice BEMS SREX I T 15 H.

(D) BHE 159 r=(x,+e)mod q.

(2) B4 2 55y s R IAME 5, = dy (r +w,) mod ¢ -

g 3.1.3 TR, Alice 7EIREL LG BIIE DL, AReRARAR AR A i) 7 FR 4, ToiE MPMER 4 1AS
T FE P REUE ] Bob BIFARE AR B, thICIEIREL SE 8 I 2 44 A EH B ) — BB o R A A 45 5.

TE— I IMESE 44, Bob BEAESREL N T 15 K.

(D) MR Hh 2R 28 Q) = [diw, 1(P+G).

Q) %A BN e

B) BHE 2 s=(d (r+w)+s—r)mod q.

tHT ECDLP FIRG A5 iR £ 22 21, Bob TGiE M Q, Al e HHERIUEAT(E B 1T s 75 Alice AR 4, Flw, ,
H. s, %FF Bob SR j& 25011, Kk Bob i M T RE s— (r+w))d, — s, +r =0 d, Mw, , EHTFEH —J0—IRJT
F2. Bob & d, 1E [1,q— 1] X I8 3 U, JEt 55 206N wy = d' (s+r—s,) —r I, RBNZITRRLE [1,¢— 1] X (8] I
(19 (g —1) 1% Bob MIX (g — 1) 4L A SR dy F1w, HIMERESE[F] T 9525, %1 Bob I &, A T EAR 22 HE A
LR GR, HR RS BB B RRI Alice (I8 FAGH dy LKA w, IXERE. {5 Bob 5 Alice it
T2 RIMES 4, FHIRZE4 Bob #RAEHE IR 1 AN 7 FE. 1058 i IR 4 Bob SKINMI J7 FE A sm—(rm+w[1”)d. -5+
=0, H s 2 ANRAEL, 508 d Fw . BRREE 4 Alice #2318 FAH R0 RV o, JFARST BHLAE ek it
HOLABENLE W . B Bob ilid 5 Alice [ n IRVMEZE 4, BefIRI—N B n AN FRAL S Jy FR 4, b
(n+1) DNARENIEL Bob % d, 15 [1,q— 1] DX IA] L Py UE, IFoh55 5 2 6 M) wil = a7t (s“' + i — s[l”)—r“], 53)i% 77
FRAE [1,q— 1] XIH]_EI1 (g - 1) 4HA%. Bob MIX (g — 1) ZL#E TR dy A1 wh? [RIEESE ] 15526, %11 Bob 1M &, AHE
TAERBLRIEAHAL R B AR, iR B G B IHEA FIRIREL Alice 1714 FASH dy BASBEALE W (1 3E L.
HE—20, W82 44 BRI (1 22 A 2R, wit RURE S 2220 1 ANIRSZBEHL A e BEATLEL, DR 7E B 77 1T PR
W Z Y, Bob GTEsRAR I 5 FR4L. 25 I, Bob JLik MPMEZ A IIAS B R A 3RITAT Alice (AR 1,
NI JCTE 3R 56 48 1) 25 44 R EH 51— 38 43 RV AT AT 45 2.

BRAETE—ADIMBECT Adv BRI IRELA THE B A K 244 AR O FR M5 15 R, AL

() MR Hh 2 &5 Q) = [diw, 1(P+G) .

Q) B A N BN E e

) Z2H 15 r=(x,+e) mod q.

(4) B 2 55 s W MHE s, = dy (r+w,) mod ¢q .

(5) B2 s = (d (r+w)+s,—r)mod q.

(6) ZBABWIEAP P=[d'd,' - 1]G.

1T ECDLP FHM 75 B 22 2, Adv TBVEM O, « P Flle FIRBUEA (5 B Adv iKMW 10 s, — rdo—
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wady = 0 R dy Flw, , FFENTTHE 20 s—(r+w)d, — s +r =0 PIREH d) Flow, . HRYE_ Bk 22 S PE 07 m 40, Alice F1
Bob JLiZar kg2 1 MJTHE 2, H Adv IR R RIS B> T Alice Al Bob. Klitt, Adv JLiEN TR 1 FITHE 2
R d v dos owy s owy B RIS A BEHLERG 1) 2 A TR, wy B w, BB D 1 AME BRI B
HUE, R AE BRI 7 TRV =, BCF Adv WIEIESRIEFT S 107 2. 28 L, Adv T IMES 4 1048 Bl
FEHRET ] Alice A1 Bob [FFAZE A 8, MM JCi%3REN SE M2 B A EUT— 2 5 5 I > .

4 TEREDHR

Alice 1 Bob i il — X A FAP] 2 AT W 5 UMERE 44, B0 AL O R AT — 2. PRI, ARSI g 28 44 2 ik
R VS RERUEAS T FE. 24 R SO R VT SO ARG Bk e RN BRI EUINAZ SR AR OGSk B
t, RSRIZ ST HIERER L RUINIZ S 300 £, Haz K THERmEonia S H v Sl R, Rt A SO 4 4
BRI FE R R T SEAHAE. LUR 23 AR AN ) SM2 P 5 T BR vF 557 SERE SR I ok S0 B LA KBS T R, Wk 6
PR,

#6 TR

WfE AR

FEE 4L j—g/@ Tk BT L5 WE (bit

FLB PR PIRENLEL 2 1 w11G,[w21G [dgl]Ql 2 1280
TeiL YR ZREHLEL y+1 Y wilG,...,[wy+11G [wys2101, ., w2y 4110y 2 768y+512

IR IRESHE P oiil-to-1 - 2 0 [diw1]1(P+G),[dowr](P+G) Null 2 1280

ISR . S5 28/% 7 3 1-to-n 1 1 [diwi1(P+G) [dawy]1(P+G) 2 1280

4.1 BT FREBRFSOMEEN MR E T RIESE

ZHESLIT 4 Hh A4 A R RE AL 3 s RIE B, 350000 Allice 3 (¥ URHE iR [wi ] G, Bob i (1] I
B3R [w,] G A IRARFN AR [d;] Q) . BT 1 G A AT, HEEHLE w, Al w, 735 i1 Alice £ Bob LA R,
VR [wi1G Al [w,] G T ABSERTITE 5L, K a4 SRy HIAE A, 1948 244 B B v S RE. 1M1 i3 [d51] @) P O,

ZHELL T4 HH IR 25 44 R O AL S W UGE AR, 4302 Alice 25 Bob KIEMR 2k 2l @, FIHEFH 2 e, LK Bob
45 Alice JOLZA IR s, FIREAAHS 1 H7 r . AL SM2 A I Z& PR Bl S 0T S, Al 2k Rt 0, 3% P4 256 bit
(FIAEDR, B B e o B4 HIRIME s, AIZEASE 1 8000 r MARSEEIY 256 bit, HILIZAE 44 42 ISR AIEAS 500 1280 bit.
4.2 BETFREBRIFSOSHENBMGIRITE T RIESE

HESR T Hh 1R 264 A R R (T S A 5 BT LS I BTG, A BN 2y + D) I, 284 2B id et
B Qy+ D) AR G Alice B ff] y IRFEE KU Q) = [wi]G,...,Q, = [w,] G , Bob i [ — IR 1 K [w,,, ] G AN

ZMESE P4 B 2544 2 B R S PR UGS, 7090002 Alice 4% Bob RIEMERI Lk 51 0,,..., 0, AV B % ¢,

LK Bob 4 Alice RIEZA ML 5,..., 8, RIS 15 r. FEAMHIR M2k SR8 A 256 bit (KA FR, 355
T e A PIAME 5, ..., 5, FIZEREE 1 3000 r WS EES R 256 bit, IR 44 A2 il R A5 524 (768 +512) bit.

4.3 BETMEBRAFSOAGIRITE S RIER
IZHESL T4 HH IR 25 40 7B i R AL 5 IR RBRIZ ST, 23 A 0 Allice 3 ) — K R 3fe [dywy 1 (P + G) , il Bob 3] —
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R [dow, | (P+G) . T Alice 15, PG EH A, Hw, i Alice JR37 A2, KL 55 3 [dyw, 1 (P + G) "I
A T s IR, HAT DA 2 k-4, 4 s gl 45 TAEABAE Alice i, A 254 L B ELMFE. % T Bob M=, P
G YR T ANE. 45 Bob 5 —A Alice PMET 52544, Bl Bob 5 Alice 24 1-to-1 15 &I, 53 [dyw,] (P +G) A4

ZHESE T 25 H 128 4 A T FRAL 5 B VGBS, 3002 Alice 45 Bob KIEMEIE M2k 5 0, M BT e, LI K
Bob 4 Alice RIXZZ T HME s, MIZZH 15 r. ME S Q, BE WA 256 bit AR, WEM T e . 2T
[R){E s, FIZEREE 2 343 r K LIS 256 bit, (R85 42 A2 i B2 HE 45 524 1280 bit.

g5 BT, B TOIE SRR A I 5 T IRV Sy MR L e SRR, 78 O A U7 48 AR SC S A0 A5 30 )y
S, SIS N PRI Jy R PR R e, 24 Bob AT Alice 4 1-to-1 AN, %7 RN 448 T 52 2 YR A0
e, H 2 Y ey n] B LR Tvh 575 205 R AT EE B AE, A5 =00 1280 bit. 24 Bob Ml Alice & 1-to-n KRN, &7

5 V%07 S EEPTRCIRAS, AT Y 1280 bit. (A ULWI 0, %05 RAOE P L SO R T E T Paillier %R
OT SE3 1 MeA Vs, TESLIRERBE . L 3L HE B I S RF SM2 117 b s S0 1, Al o N B2y A
FId1C = [+ - 1], WS R 5 2.

5 B %

ARSCEE X SM2 B4 SR M FL B 2 A b, SR T —ASPI5 T TBR VS5 SEHE S MR IR T 5 A R 3 19
XTI SM2 B84 UM SRR, AEAE A TSI RE R, 25505 RT LU R AN [ P 25 44 B R L B0 I HE 2R AT 512
B4, AT EIA A K] SM2 2844 P17 I BRVE ST 58 AL se b, 3 17 B (9 23 s TTRRVH505 %, g
A3 B 2 FOHT (0 U7 28, Herhag e N Py Oy Sk b s .
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L1 1(1=pip)+(1y, o+ ) 1p (Y+yIp)(P+1) (bl +a) o AP+1) a,p
91 L(1=TpIp)+ Y+ plp (+ i)+ 1) ket AP +1) D (p+1) yp Nl
Sl A(1=TpIp)+ 1Y+ yiplp (Y + Py (p+1) b tp+ oy op(p+1) 7y
b1 1(1-pIp)+ ylp+ oytpip+ 1p (Ltip+axTptp+1p)(p+1) o+ o+ @ +1)(P+1) o+ %
€1 4(1=Tpp)+ ylp+ yTplp+ Ppip (artptp+lp+ )+ 1) i+ +p (artp+ )+ 1) o+
- 4(1=TpIpy+(1y1p+ ) Ip+ Tplp (lp+tp+p1p)(p+1) (yip+2p) Sp+1 @+ (P+1) o, 5p+1
1 L(1=TpIp)+ yp+ PP+ plp (a%pip+1lp+ip )+ 1) y Splp+ oyt (p+p)p+D  WPEHD ey byip
01 1(1=TpIp)+(IyTp+ ) Ip (ep+ap)p+ 1) ('p+ap, fp ap+D P
6 1(1=pip)+ ylp+ oplp (ip+ i)+ 1) 1y, Spip+ oty AP P +1) ot
. A(1=pip)+ Lylp+ yeplp (dp+ )P+ 1) v e+ oy oTp(p+1) o
. L(1=PIp)+ Wy Ip+ yepip+ 1p (1P +ytpip+1p) @+ 1) b o+ fp @P+D@+1) a+ 5
9 L(1=TpIp)+ylp+ytplp+ Cplp (2reptp+ 1P+ ) (p+ D e+ (9% + )+ D Y+
S (1 =TpIp)+(Iy+ ) Ip+ plp A_«_Eﬁiiﬁiﬁfc (y+7) “p+1 @+P)p+1) o lp+
b 41 =PIp)+ P+ P Ip+pip (Afpip+ a1+ p1p)(p+ 1) S+ T+ (@p+w)p+D WPEED ey M
¢ L =TpIp)+ (Iy+ ) Ip (ylp+ Y1) (p+1) (y+oy) % yP+1) o, p
z 1(1=Tpp)+ 1y 1p+ Pip (p+alptp)(p+1) Iy, Sp+ Typ P (P+1) oy
1 A(1-plp)+ Iy lp+ oytplp (Ip+yplp)(p+1) by Sp+ oy op(P+1) oy
e A=+ _(p+D) =5 I+ Sl =y I Sp+im=y Su " T I
16 6 R TRV B Bl LU MR P hale L TV 2
V EM
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6 A=)+ 1Y+ p+yTplp+ip (r+ 1+ epip+1p) (p+1) bl e+ oo+ B @D+ a+

pe A=)+ Iy + P+ Tpip+ pip (+Tplp+1p+2p1p)(p+1) bl lp+ pra+p (A )@+ Y+

ce AU-TPIp)+ Iy+Tp+Tylp+plp (+1p+ytp+plp)(p+1) R R R B G OTC D) i

¢ A=)+ 1+ 1p+ P Ip+Tplp (w+ o+ p+pip)p+n S+ el (AP+P) D D@D ey P

1€ L(1=PIp)+ 1+ 1p+Ylp (y+1p+1p) P+ 1) by Ip+ I+ W P +1) o, %

o€ L(1=pip)+ 1y + p+ Oyplp (y+1p+2%p) P+ 1) by %p p+ S+t @ +1) oyep

62 A(1=Ip)+ 1y + Ip+Typlp (y+ 1P+ Ip)(p+1) Wy p lp+ S+ P (p+1) oy

gz AU=-p)+lylp+Ip+Lyplp+1p (Llp+ P+ ip+1p)(p+1) 2+ ora B (@ D@+D o+, %

iz A=)+ lprpayiplpeplp  (Wlp+ i+l + )+ by e+ e+ (A% + )@+ o+ p

97 A=)+ ylp+Ip+Ylp+plp (Htip+ P+ P+ PIp)(p+1) by Dpip+ p+y o1 @+ )+ o p+1

oz AG-pp+ilprpralpiprplp  (Wpr i+ aPp+P)e+) b Dips Draiper (AP+@)e+D (WP P)PAD ey yipeg

be L(1=TpIp)+ ylp+ 1p+ ylp (Ltip+ 1P+ p) P+ 1) 1y, pip+ oy Tp @E+1) o, %

€z L(1=TpIp)+ ylp+ P+ Oplp (Lip+1p+ D) (p+1) 1y, o+ S+ o aip(p+1) oytp

w L(1=p)+ ylp+ 1P+ Typlp (Mtip+ W+ ip)(p+ 1) 1y, pip+ Do+ Ypp+1) oy

Iz L(1=TPIp)+ 1y +yTplp+ 1p (+aepip+1p)(+1) 5 p+ay+ @+ P+1) a+

0z L(1=Ip)+ 1Y+ pIp+pip (y+aeip+1p)(p+1D) o+ (a9 +P)p+1D Y+

61 AU-Pp)+pip+(ly p+ay)ip (y+2tp+pip)(p+1) (rtp+ar) Zp+1 @+ P)(P+1) oy, p+1

31 L(1=TpIp)+ Y+ OSpip+ Tplp (a%p'p+ 1+ PIp)(p+ 1) y, p o+ tp+ 1 (a%p+w)p+D Yep+

L A=+ P+ =5 L+ Sulp =y ot Sp+tn=y i L o I
() WM 2 LR TR 1B B S S Tt L TV 2

http:// Www. jos. org. cn

© hRBIEB IR



2209

MR 5 SM2 #5545 % Bkt u IRt B £AELR

6 A(I=PIp)+yIp+ 1+ yTplp+1p (i +1+Tpip+1p)(P+1) b+ o lp++ 2 @D+ o+,

gy A=)+ yp+1+tplp+plp  (Wip+1+9PIp+PI)p+D I+ I o+ (A% + )@+ T+

b AQ-PIP)+ P+l Tpip (Wip+1+ap+1pp)P+D S+ oo el @)D o+

op  AQ-PIp)+ylpr 1+ p+Tplp (@wp+1+aip+pip)p+n b+ B lpra e (A @)D APEDEHD ey W+
b L =pIp)+ 1ylp+1+71p (YIp+1+YIP)P+1) by, p+ Bp o+ Y(P+1) o,

b L(1=TpIp)+ P+ 1+ TSplp (WP +1+alpip)@+1) o+ o p o P @+D e

& A(1=Tpp)+ Lylp+ 1+ Tyeplp (ip+1+2p) @+ 1) v+ B oy Yp(p+1) o

o 11 =TpIp)+ 1ylp+ lp+ OyTplp+ 1p A&_EMEN«@_EEAE: Wy p+ oo+ B @Pp+DEP+1) 9+, %

W A=)+ yp+lprtyiplpe plp (ip+ I+ PIP)(+ D) v+ e+ (A + )0+ D) o+ p

op  A0-TPIp)+1yp+lp+yip+Tpip (Hip+lp+ i+ Pip)(+1) Ly p+ i+ el () (p+) o, p+1

6 AQ-P+prlpraDipepp  (Wip+lprapip+pp)prn I Draprr (AP+)e+D (WPHR)PHD ey y+ip
3¢ A(1-ip)+ Wlp+lp+yip T«€+M@+~«€v@+c S+ Spip+on S Y+ o,

L€ L(1-Tpip)+ Wip+ lp+ySpip (U'p+ 1+ ip)(p+1) 1y, 5+ Spip+oytp YPp+1) oyp

9¢ A(1=TpIp)+ WP+ P+ Typlp (' +lp+ oyt ip)(+1) b lp+ Cpip+ oy Yp(p+1) o

£ A=+ _(p+1) =5 b Cnip =y T Sp+Tm=y m Tm o m
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TA2 BT PR (T RE LBOHE S 1) S2 49 4k
w1 w2 k=(di+dy)™" (diw) +dywy) s=(l+d) k+r)-r A=
ky (di +dy)™' (diky +daky) diky +doky + (dy +dp — D7 1
d5'ky (di +da)™! (diky +k2) diki +ky+(dy +dp = Dr 2
dy%ky (d+dy)™" (diky +d5'kr) . diky +dy ko +(dy +do - Dr 3
ki 1+d; 'k (dy+d2)™" (diki +do + ko) diki +do+ky+(dy +dyr— 1) r 4
1+dy%ks (di+dy)™" (diky +dy+d;' ko) diky +dy+d5'y +(d) +dy— D)7 5
dy' +k; (dy+dr) ™! (diky +1+doko) diky + 1+ daky +(dy +do— Dr 6
;2 +ky (i +do)™" (diky +dy" +doky) dyki +d5" +daky +(dy +dy = D7 7
ka (di +da)™! (ki +daky) ki +doky +(dy +dp = Dr 8
dy'ky (dy+d2)™" (kg +ky) ki +ky+(dy +dy— D1 9
5%k, (d+d)™" (ky +dy' ko) ki +d; ko +(dy +dy — 1)r 10
d;'hy 1+d; 'k, (d1+d2)™! (k1 +dy +k) ki +dy+ky+(dy +do—1)r 11
L+d; %k (di+dy)™" (ky +dy+d3'ks) ki+do+dy' ko +(dy +ds—Dr 12
dyl +ky (di +d2)™ (ki + 1 + doky) ki + 1+ doky +(dy +dp — D7 13
a5 +ko (dy+dy) ™" (ky +dy" +doky) ki +dy" +daky +(dy +dy = 1)r 14
ka (d +dy)™" (dy'ky +doks) d;'ky +doky+(dy +da— D)7 15
d5'ks (dy +d)™ (dy kg +k2) di'ki +ho + (di +dr = 1) 16
d5’ky (dy +dy) ™" (d;hy +d5 k) di'ky +d; ko + (dy +dy - Dr 17
7%k 1+d; 'k (dy+dy) ™" (d] Tk +da + ko) di'ki+dy + ko +(dy +do—Dr 18
1+d5%k (dy +dy) ™ (d] ky +dy +dy ko) A7k +dy+dy ky +(dy +do— D7 19
d;' +ko (dy +dy) ™" (d7Thy + 1+ doko) di'ky +1+doky +(dy +do— Dr 20
a5 +k (dy +dy) ™! (dy" +d5" +doky) di' +dy' +doky+ (dy +dy - Dr 21
ky (dy +dr)~V (d) + ki +dokr) di +ki +doky +(d) +dy — D)1 22
dy'k; (di +dp)™(d) + ki + k) dy+ki +ky+(di+dr - Dr 23
5%k (d +d)"\(dy +ky +d5 ' ko) dy +ki+d; ko +(dy +da—1)r 24
1+d 1+d; 'k (di +dy) ™! (dy + ki +dy + k) di+ki+dy+ky +(di +da = 1)r 25
L+dy*ky (dy +dp)™'(d) +ky +dp +dy k) dy+hki+dy+d5 ko +(dy +da = D1 26
dy' +k; (d1 +dp) " (d + ki + 1 +daky) dy +ki+1+doky +(dy +dy = Dr 27
a5 +k (dy +dy)~ (dy +ky +d5" +doky) dy +hki +dy" +daky +(dy +dy = 1)1 28
ka (i +do)™" (dy +dy ' ky +doks) dy+d; 'k +dako + (dy +dy = Dr 2
1+d; %k
dy'k, (d +dy)™" (dy +dy ks +kr) dy+d; Ky +ky+(dy +dy - Dr 30
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TA2 BTk PR (P REA LBOHESE K SE )4k, (2E)

wi w2 k=(d +do)™" (dywi+dawy) s=(1+d) " k+r)-r Fre
dy%k; (di+dy)™" (dy +dy kg +d5 k) di+d7ky +d5 ko +(dy +da = 17 31
1+d;'ky (i +d)™ (dy+d; 'k +dy +ky) di+d;'ky +dy+ky+(dy +dy - 1)r 32
1+dy%k, (di+dy)™" (dy+d; 'k +dy +d5 ') dy+di Ky +dy+dy ko + (dy +da— 1) 33
'+l (di+dy)™ (dy+d7' kg + 1+ dako) dy +d; Ky + 1+ doko +(dy +do—1)r 34
A2+ ko (dy+dy)™" (dy +d7" +d5" +daky) dy+d7 +dy +doky + (dy +do— )7 35
k2 (d1+d2)71 (1+d1k1+d2k2) 1+d1k1+d2k2+(d1+d2—1)r 36
dy'ky (di +d2) ™' (1 +diky +ky) L+diki+ky +(dy +dp = Dr 37
-2 -1 -1 —1 _ 38

dy%ks (i +dy)™ (1+diky +d5 k) 1+diky +dy ' ko +(dy +do = Dr
d;|+k1 1+d£1k2 (d1+d2)71 (1+diky +dr + ko) l+diki+do+ky+(dy+dr—1Dr 39
1+d5%ks (di+dy)™" (1+diky +dy +d5' k) L+diky +dy+dy ko +(dy +da = 1)1 40
dy' +k; (d+dp)™! (L+diky +1+daky) L +diky + 1 +doky +(dy +dy — D) r 41
dy* +ky (dy+d)™" (1+diky +dy" +doks) V+diky +d;! +daky +(dy +dy = 1) r 42
2 1+d2 1k1 +d, 2k2 1K1 +ad, bk 1+da

ka (i +da)™" (d7! +diky +doky) di' +diky +doka +(dy +dy— Dr 8
;' (cdy +dp)™" (di! +diki +k2) di' +diky ka4 (dy+dy=Dr 4
d5%ks (di+dy)™" (7" +diky +d5'kr) di' +diky +d5 ko + (dy +dy - D1 45
a2 +ky 1+d5 'k (i +d)™" (d7" +diky +dy +ky) di' +diky +dy+ky +(dy +dy - Dr 46
1+d;%ky (i +do)™" (d7 +diky +dy +d5 ' k) di' +diky +dy+dy ko +(dy +da — 1)1 47
d5' +ko (i +d)™" (d7! +diky + 1+ doks) di+diki +1+doks +(dy +dy = Dr 48
52 +ks di+d)™ (@ +diky+d; +doky)  d]Mdik+dy v doky +(dy +dy - 1) 49

NXHRIE(1998—), Y3, AL, A= TERF 5T Uk Ay 250

TR

MIRHE(1978—), B3, [k, 2%, W LA2 i, &

RIS % Y T AR
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