B A4BHEY U BT 5 fF B % ik Vol. 44No. YU
20224E1H Journal of Electronics & Information Technology Jan. 2022

ERBETETRNERLEERAR

RERC o2 a®x® A pea®
Oz T K F it EMAFEEHAFERE  #H 450001)
Qg K FHF 5T EAAFE R 4N 350108)
O(BmibFAEKRFBEIRSER ®% 710071)

 OE. MBI e RIEE S S, TEREL(CS)EIT TR A B kIR N GRS 4 k8 (CHE) %
T REHTELS, SRR T A B2 AR A R . AR SRS N IR R VR R IR, AR R A I R R AN AT
P, B4 AR DL RS ATHU I SR P 0 B T RSy A B8 IO B S A G Y R K CS TG AL &
TSN, PR BN S WU AT RIHIE B 22 4 i 8 - 25 44 T SRAE SEPR B A SEl i AR b 22 A I 1) R, 200488
T AR R B TR (s s b — 2Dl w44 3 mTHE 4 M 0 3R 1S TR SRR 9 LB K (R A M A A £ i)
S T ARSI R B TS I T TR A AT R AR (B2 4, T RARTEBR T 254 2 5 A 28 44 e Mo, 754
Y B AEAEAE IR LA TH B 5 844 1 510 A BT BB R AT BT s AR e % 4 . R, JET A% B2
PR3 /IR g 1) RN 22 27 ST I R, AN D7 SRAE AR Y T S W IR 22 42 1 o

XHEIR: WEORES: & AR bRAEROR: GRR A

FESHEES: TNII8;TP309 XHEKFRIRES: A XEHS: 1009-5896(2022)YU-0001-08
DOI: 10.11999/JEIT231093

Chameleon Signature Schemes over Lattices in the Standard Model

ZHANG Yanhua®  CHEN Yan®  LIU Ximeng®  YIN Yifeng®  HU Yupu®

@(School of Computer Science and Technology, Zhengzhou University of Light Industry,
Zhengzhou 450001, China)
C@(College of Mathematics and Computer Science, Fuzhou University, Fuzhou 350108, China)
®(School of Telecommunications Engineering, Xidian University, Xi’an 710071, China)

Abstract: As an ideal designated verifier signature, Chameleon Signature (CS) can solve the problem of
signature secondary transmission more subtly by embedding an efficient Chameleon Hash Function (CHF) into
the signing algorithm. In addition to non-transferability, CS also should satisfy unforgeability, deniability, non-
repudiation for the signer, and so on. To solve the problems that cryptosystems based on the traditional
number theory problems, such as the large integer factorization or discrete logarithm cannot resist quantum
computing attacks, and the schemes that provably secure in the random oracle model may not be secure in a
practical implementation, a lattice-based CS scheme in the standard model is proposed; Furthermore, to solve
the problem of requiring a significant local storage to obtain deniability for the signer, a lattice-based CS
scheme without local storage in the standard model is proposed, the new scheme completely eliminates the
signer's dependence on the local signature library, and enables the signer to assist an arbitrator to reject a
forged signature of any adversary without storing the original message and signature. Particularly, based on the
hardness of the small integer solution problem and learning with errors problem, both schemes are proved
secure in the standard model.
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& S8 (W B 7 2 A4 A AT 2 AT AT BIE Y, TEvk
BEL L= AN 88 S5 1 36 i 5 Xof 25 44 25 it 25 & I UG I
BEAT 20 A% 4, RIAE = 3R A5 25 44 10 FH P 40 e 8 5
TS LS AT IR, VY BRI 2 44 AT
PRI 20 A% 8 . il fe kAT, A EA AT
A 336 11 ) B 25 44 IR B A 4k e . 19894,
Chaum“ A H T A AT #3025 4 (Undeniable Sig-
nature, US), Hoil i #2 i 2 44 (1) 36 I i o 1% 7]
A, ABAESUEIA T BRI S 5,
HASHT 38 G 3t 97 Je 21 B A T AITRIERT . 19964F,
Jakobsson&F NPHR ! T 48 & BiE# %5 44 (Designated
Verifier Signature, DVS), %43 flfi5 & 3k & 4
R T [R5 ) 2 A4 AR, AT R 88 =07 (RPAE 44 3 Al
T8 B WAEF A TTiE AT B4 S A4
FLSAE L 2 AR E SR A, (HAETH BT E
JEE LR I 4 WU TR AR A R A L] . 19984F,
KrawczykZ PO LI 7 A8 4 25 44 (Cha-
meleon Signature, CS), 5 {HHfF ke 17254 1
2% 38 [

CSTEZE 24 FE AR N — /N AL G Ay
PR % (Chameleon Hash Function, CHF )3k X} &
BEATHS . KB ERAIEE TS, HA M R 1
BT IR TS CHEF Al 2 v AT 10, RIREEAE RS A (E
AR AT P RS E IR, TR 2004E 8 1
B RE =TT AT R B E R AR, A
FWAERTIIFHE A, CHEVIREFUALE M . FHER T
US, CSAHAMIE A 1952 B 2 W BOR 22 JRAIE B
MK “ma-247 R EIN ELRIE. H
BTDVS, XMTiEEmiEdfithig, CSHrEs
BRI ARy, B R R, B
il B4 mhEE R NSRS “H
B-FEAL -5 A4 H 7 A % A R AR 0 e e 7 18 18T
37U, HTEAHELEITECHE M, H R
(1370 20 W 1 8 i B L SRS 44, R B 4
VONTRERIEE i, BARM, CSTERET. B
T s FVE T IR AR B 5 B B s ot & A

WAER, A% BAGAE T 2 Di s 1 R i Ak
il B9 BT . 20084, Gentry%F AT H
¥ BIRGCRAE RS, FRET/NEEE (Small Integer
Solution, SIS)XME@MR %, 4t 1 RN PSR
BT BEA G2 % . 20104F, Cash%E AN
GG P B T R TR CHEF .« 20134F, £ T3
BR[10,11] ) TAF, e NP ERRIE T 31T
EICSTT %, BRI 5 =07 Al Phit 25 4 F %
P TEI IR R IR H DY IENE S . 20164, R

FSCHR[11]CHF, Noh%5 A48 th 1 Rl B2 T 3
TR EEEH SRR, BRIGREZL DI
RS, HIGTEMR R 4 e . 2017
L, XieF NP T RS CHF M, JFERRM
& T ERTHIAREEN ERSEATE, hEe
[ CHF I3 TH A AE R ARt B 1% . 20214F,
Thanalakshmi%s A\ I)iE T3 F BB A FICSH R,
BRI IR 4 H T B b E U TR & B — R 4
FIERTCHE, HEANAEBGIFE L E B . 2023
B, SiEET S EMARE], KENSE TH
ANBEHLT S ML R 0l E B 22 4 g _E 28T B4 1
CSHZE.
BEHL TS WU T 2725 44 T7 R e A L4
UE B A A 75 0K A A bR 08 oy — > ERAR AL (R BE AL
TRE ML, BIESRECTFASRER] FH G Ay bR £ 1) 55 s06 7
AT B . AR F, FEAAAAE TE R IS A bR
B, BENLPUS AU a] ik B 22 42 (P35 44 07 SRAESE
bR B ARSZEL R R bR 2 A, BE—20H, BAMICS
TEMR R AL e AR IEE “HET5K, HEXSIE” 1
SR, BP2E 44 35 76 0T 48 8 Bk 2 i b AT “ 4T
B B, TR R PR R BT B4,
I, B4 AT 7R A A A A P A 25 8 T 1
B B VLA R B R E S S, DR
BRI AR A7 At SR X 48 8 Bk 2 R 28 44 4+ 1L
AT TARER R TR THBCSHE, %
A IR B 58 A AN T BT X IS AT R T BE AL 7S AL
k. fEIRIEA |, 45 rCSTT SRR 128
G AR A IR, (1925 44 Be S EANAT
it A6 B 5284 B 256 T Al B AP 3 R 4 ik
FHERIZES . RE-FIEILT BISTS in) @A 2 45
% 2] (Learning With Errors, LWE) ] {2 A HE 1,
FEFRERIY R AR B T RN T7 S0 2 T E 3G R
R BB FaaA T hiE e, A AL,
ZE 42 AR L DA R AN T HRA 1
2 &R
2.1 1%
BX1 BqmnWIERE, BEAC 20 R
we zn, 5 AL (A) R
A7 (A)={e€Z™: A e= Omodg},
Ay (A)={e€Z™: A e=umodg} (1)
EX2 BWmNIE®EY, 4%Ece R™Mlse RT,
ESHEA e AL, s SIS AN
Die(@) =pcle) /X pcle) (@)

xcA
H, pse(x) =exp (—ﬂ||w - cH2/52) . #c=20,



FEYUH

HREHAE: PRAERIY T AR AR B2 40 77 5 3

WD TTEIEANDA o

EX3 HTERKq, AcZ)*mHLHS >0,
SISqm,p I AR I 78 LA SRAR S5 IR ER 1 7 FE 4
A -e = Omodg /N FAE0OBE K flte € 2™, W 2
0<llel<p-

SIERL0OM) R H o A SEHL B 5 T ) 2 35
KR, FHq> B w(y/nlogyn) MK Fv> g
O (i) P R SIS, s 5 AL F
F5 R AT 1) B 4 ) R STV P, FRTHE B 2 S5 11 o

EX4 Mg, BEHZ BRI ER I
X LWEq, gy W& 2 XN KiEb= AT - s+
emodg € Z;" EPK%‘?@E’]*M%W%SEZQ , HoH
AezZp ™ e€x.

513820 W EEEm = poly (n), LB > /-
w(logyn), qrE—DNREE, &P LEANpHE
170 A5 M E Ty > O (ng/B)» W25 5L T 1
LWE,, g, S&RZHHLTHISIVP,, MR 1.

SIEE3M 4558 R g, Ao, Ay € Z) FIZH
s>H’1~’A1 -w (y/logyn) »  WICHF (p,7) = Ag - p+

Ay - rmodg FIFTREAENE 5 SIS,y o HIMEREZ 54T
fr, Hrhpe{0,1}", reDym.

51342 WK g > 2FHEHm > 2nlog,q,
TP AERE % 2 T Ui [A] (Probabilistic Polynomial
Time, PPT) %% TrapGen, fiiNq, nfim, ik
AMAL (A — HBE M Ta, HPAG ik
zpxm bAoA .

SIEEsM W Hg > 2 Hm > 2nlogyq, 7
fE P P T % 7% SamplePre , i AA; (A) 1 K T
Ta,u € Zp MBI B Hs > || Ta]|-w (Viogam) . 0
88 7 5200 Dawa),s 1AL e e 2™, Hi 2
u=A-emodq
22 TEEEZ

LB IM, BENLECE BN R UL 244 1E
THAS . — MR k240 X EARE3AN S
577 B2#ES, RERIEHE VUL hEET, Hif
DA 64> 22 T 2 [A) SRR AL il

Setup: H RGIBATHIMRIER L. WAL E
ZHN, Wt AESHop.

KeyGen: HRGICITIMEMLE L., MAS
Hpp, HithSHVIIAFAAX (pks,sks) A (pky,sky) o

Sign: HZEHAHESIBATIIMEBMEF L. MAS
Hipp, SIIAFAENT (pks,sks), VA pky LLKLTH
BpeM, MlibENEr e RMZE Lo €S,

Verify: Hi$8 % 56 UE & VI8 1T 1 8 1 H v
MWANZHpp, SHI~Hpks, VIR Hpky, HE

peM, BENEr e RUEZEA e € S, HiHi18k0.

Forge: Hif8 € W UE#H VisiT A ABE 6 P B v o
MANSHpp, SHIAHPks, VHIAFAEHNT (pky,sky)
PL K HH S iz 17 8 74 Sign (pp,pks,sks,pky,u) 4 A% 1
peM, BB c REZ 4o €S, WHHER
W e MMEEHLED € R, I /& Verify (pp,pks,pky,
w,r' o) =1,

DenialPro: HH%5 4 3 S A &3 J 3L [ #0047 19
—MNRATFRIEL . 45 E S A Hpks, VIIAH
pky UL MV IR LRI — DN FULE AW, 0) €
M xR xS, SHIFEZMAE(u,r,0) € M xR xS,
&, JHEGEA (1, ', o) N SESVE RE VIR

— N A CS 7 Z A LA P

ENX5 FHAEEPPTHET AmfT LA iR H
9 Ay B e 2 sE R, TR CS AL
IR BT B I N AN AT O

Setup: HkhkEH CIE1TH 1% Setup 15 7% KeyGen
ER RGNS Hpp, Z4FH ST ERUEE VT
AR (pkg,skg) Fl (pky,sky)o CHb % FEA sk Al
skv, FH4 (pp.pks.pky) KIELHTHTFA-

Sign query: A H &N AT RE o € M
1254, CiR[El (p,r o).

Output: AffH—" M (u*,r*,0*) E M xR XS,
D) AR A 3R R T H2 A2 DA SR A AL

(1) Verify (pp,pks,pky.u*,7*,0%) — 1;

(2) (p*,r*, 0*) A7 Sign query PR [A]

EX6 FEEPPTHIMTF AWl N K
38 Ad I 5 2 ), IFRCS S AT
FEIH I o

Setup: ki Cig 1T 5% Setup M 12 KeyGen
HERARR AT S Hpp, ZFLFHSHIRERIUEE VT
ANFEHXS (pks,sks) Fl (pky sky), IR HMR LS
WFA.

Challenge: CPFENLIEEE B po e M, BITH
72 Sign (pp,pks,pky,sks,uo) A lirg € RFlo € S; 18
4T 7% Forge (pp,pks,pkv sy 1o, 1o, o) £ BUHT 1 B
p € M Flr € R s B HLIEH € {0,1}, iR [A]
(16,75, 0) o

Output: AfiHo* €{0,1}. #b* = b, M A,

EMXT &, r o)eMxRxSNIETEKIE
FHVhE, HZEZESHBEUIRMEE T 41255
% WIFRCSIH AL E R4, MH K, #
(1,1 o) € M x R x SASHILER, HHIGERIA,
WIFRCSiH 225 4 AT . BRI AT S S
JZ I — AN A FF IR 48 10 Denial Pro SR {11 -

X F VI BB SR AW, o) € Mx
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R xS, S JIRAHMAE (1,r,0) € M X R X S: NS Hpp, VIIARHN (pky,sky) = (Ay, Ta,),
(1) #ip # /s HVerify (pp,pks,pky, p, 7, 0) = 1, S K72 Hpks = As LK HHS A B (1, 7, 0) € M

M JRTWEE (u', ', o)AE SAE R, T AE H VIS
(2) B, JHE (', 0, o) NS Ko

3 ERETETRNEGRER
3.1 Hm*"gla

Setup (1) — (pp) : AL AESHN, LY
n=rpoly(\), HHq= ~( 3) BHm > 2nlog,q

B Hs =0 (), HREEMM={0,1}", KL
AR =Dym L KBLATHS =Dgm 50 F
GEPAT LA 44

(1) BEHLEILA € ZD*™ vy € Z Fin A2k gk
S, v, v € 20

(2) ﬁiﬂldfﬁjﬁiﬂézﬁ BH: {0,1}" — {0,1}";

(3) farth A IS Hpp = (A, vo,v1, -, 00, H) o

KeyGen (pp) — (pks,sks,pky,sky): fiiANAILZ
Hpp, RGEHAT LT HAE:

(1) 1847 TrapGen (¢,n,m) P IK, B Ag il
Af (As) BT Ta UL LAy AL (Av) BB T] T A, s

(2) %t S A L BH X (pks.sks) = (As, Tag) Fl
VI AR (pky, sky) = (Av, Ta,) o

Sign (pp,pks,pky sks, ) = (u,7,0): A LI
Z¥pp, SHIARERT (pks,sks) = (AS7TAS), VI
A¥pky = Ay RLROE B p € {0,1}™, 2&4E SHAT
DT 4

(1) B %6 &R A M 25 4 R & 17 if (pky,
p.r.o), HAAE, PAT(5), BT (2)~(5);

(2) BENLIERr € R, THE KT p AR (oG A
fHy = CHF (p,7) = A- p+ Ay - rmodq;

(3) /ﬁ\h: (h17h2,7hn) :H(kaapk\/?y)’ <H‘
Ho=vy+ Zn h; - v;modq ;
(4) 1 1TSamplePre (Ag, Tag,v,8), FEHZEH

o € Z™, HAF#(pky, p,r,0) TR X E;

(5) frth (7, 0) 0

Verify (pp,pks,pkv, i, 7,0) — (1 or 0) : i X A
HZHpp, SHIAHHPks = As, VI APy = Ay,
HRueM, BENHrc RULAZ X HocS, 14
SE SRR VAT LN A

(1) FAE0 < [|7]l, ol < syv/m AT RAL

(2 )ﬁr%ﬁy CHF (p,7) = A-p+ Ay - rmodg,
h = (hi,ha, - hy) = H (pkg,pky, y) € {0,1}";

@) HHIEAs - 0 = vy + Z hi - vimod gl ;

OENE iﬁuﬂjl, 4T 0

Forge (pp,pkspkv skv, p, 7,0) = (', 7/, o} N

R xS, fREWIUEEV PAT L FEAE:

(1) ity = CHF (u,7) = A p + Ay - rmodg;

(2) EEHHE S u € {0,1}™, i&1TSamplePre
(Av,Ta,,y—A-p',s), EIEEJZI&HL%IT’GR:

(3) Hith (u' 7', 0) o

DenialPro (pp,pks,pky, p', 7/, ) — (S or V) : %

ANAISHpp, SHAHHPks, VA Hpky BL K
VIRZH I — N FIAHE (W, r,0) e M xR xS,
2544 SAT R JHAT DA T #4E

(1) SEHAM L PE, 7 JIRACHHE (1, 7, 0) €
MXRXS;

(2) JPATH L Verify, i N1, Hp# ',
WIHNE (1,7, o) NV 505 E S FLA B
3.2 REMDH

B BBSIS, 05 /m SISy 2 25 m 7 A
(), AT 2230 2 Pt B o B M 0 BB T A
CIEpey i

UEBA R AN ) A SC T 8 Rk B I 1 i 4
HEBEMPPTRCT, HARHE LA v 208K i 3
efhiE % 4, C B RMESIS, 05 m ME L 5K 5
A* . e* = Omodq B(SIS, 5, QS\ﬁX’E LB (A Ay ) -
e* = Omodg W) Hk i &, H A" A Ay e Zgxm
PhlikE C 5IFA Z [0 HIAE BJER AT «

Setup: AL LA N IABG

(1) & ARHIE AL 0 i 75 bR B CHE 1) A 3
W, GEHUURERE RS A R B H: {0,1}" — {0,1}";

(2) BEMLIE B n+ 145 17 oo, 01,0, €
Dymy » Hs' =s/(n+1);

(3) & vo=A* ogmodq Flv;
Hrie {1,2,~-~7n}(%§‘f£%5: vy, v, -, Uy NIEEK
PERSZH), BTG oe, 02,0, € Dym o ):

(4) 224 FHSHAHpks = A, fREWIEH
VI A¥pky = Ay ;

(5) ¥ (A, vo,v1, -, v, H, A%, Ay) KIEL
ABINEEHBEp e M, C#MTU

= A* . o;modgq ,

Sign query:
AR

(1) BRAMBLE, HFTE (pky,pu,7,0),
HERM (u,r,0) E M X R XS5

(2) B, FEHLERr e R, TR XTulBE
WAy = CHF (u,7) = A - pu+ Ay - rmodg;

(3) # h = (hi,ha, - hy) = H(pks,pky,y) €
(0.1}, Hlo =00+ hi-oiczm;

(4) ¥ (p,r,0) KIS A, FA7-M# (pky, p, 7, 0)
T AR P
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Output: AfiH—"Mhi& (u*, r*, 0*) E M xR XS,
Wi /2 s

(1) Verify (pp, A*, Ay, p*,r*,0*) = 1;

(2) (p*,r*, o*) A& Sign query [FJiR [A],

AR AN B E W, e) €
MxRxS, CitHy*=CHF (u*,r*)=A - p*+ Ay-
r*modg, h* = (hi,h3,- h;) =H (pke,pky, y*) »
5 A A*.o* :v0+Zj:1h2‘ v = A* - (oot

Zj:l h} - 0'1-> modg

53 LA ARG LA T 18

(1) # H (pks,pkv, A - p* + Ay - ) = H (pks,
pkv,A-p+ Ay -r), HH(u,r,c) e MxRxSH
A B K NSign query IR [l o AR, A pr+
Ay -r*=A-p+ Ay -rmodg, X5rMMEOL 8

(a) p* # pEr* # v, NHECHF IR (u*, r*)
Fl(p,r)o HIBIEISA AL, CLAMRH Advin ™™ ~ ¢
HIHSIS, 3 20 BB M2 " = ( won )
e z?m, B (A|Ay) - e* = Omodg, HO < |e*| <
254/Ms

(b) p* =pHr* =r, W HT ARSI %
it — AR R ER 4, B (p,r, o) A
#&Sign queryIREl, [H, o* # oo + ijlhf SO

(2) # H (pks,pkv, A - p* + Ay - 7*) # H (pks,
pkv,A-p+ Ay -r), HH(u,ro)e MxRxSH
AWM & Sign query . %o =09 + Z:;lh;‘ Loy,
SRHL, |lol| < (n+1)-s'/m=sym, XA

A*-a:v()+th-vimodq:A*~a* (3)
i=1

WD, mE/NEMER N R, g RECR
FERRH fa- () = A* - e*modq, il fEe* € Dym g
i ME N w (logyn) . B, o # o DURFITEREZ
1 — 27wllosam) RSy,

GiETIRL Fot Aoo+ Y hrooi. MCH
RAF G KAE R EL fa- (e) = A* - e*modg ] — 4>
4O i (0, 0)  BIC DL AR 35 Advis i =
(1 —27wlomm)) - B STS o ME REL I — AN AT 2K
fle* =0*—ocec 2™, BliRA" e* = 0modg, H
0< |eX] <2symo

EIR2 AT R RS/ ENE, ZA
B TR L M AN AT SR

MERR 5 SCHR[16] 7 s HE 2R 5 B 3 AIE B JE %
HF, ETRERRE, BAREEEEE.

4 FRERBETETERHNEEAMEHNT

BRER

RKEZHCSTT FAEM R LU, RISTEXT VIR
Do AT “H4TMR” I, 7 Em) I H R J SR B
24, Rk, SAEAE T EAE A HATE i A 258
HE BLAULVIIAH, DU SREOR AR R N
XV 4G W o A5 TG 7 AN ML A7 £ (1 CS T
%, IS SHEEENER I B 58 A %M T
IR AT B ECT N IE R4, WRIE R 1 SXt
A L2 44 PR MR o BRI A — AN BE AL Ik B
B ez, HikSetup Ml EKeyGen 5 CL 45 H 1)
PRUERR TS N EE T AR CS T R e M, ¥AH
BOR, =R SRR A
4.1 HRWE

Setup (1) — (pp) MIANLZESHN, Hith A3tk
ZHpp = (A, B,vy,v1, 05, H) o

KeyGen (pp) — (pks,sks,pky,sky) : fit A & 2
Hpp, Frt SAIV A FVEAXT (pks,sks) F (pky,sky) o

Sign (pp,pks,pkv,sks,u) = (@, 7,0, b, by, by) %l
ANZHipp, SHIA R (pks,sks) = (As, Ta,)
VHIAHpky = Ay A RIE B p e M, Z4EHSHAT
PAT #8 4

(1) BENLIER r € R, THEIGT plf A 6 G A
fiy = CHF (u,7) = A -+ Ay - rmodq;

(2) NS, € Z]' ey, e1 € R, T by = Ag-
81 + eomodgfl by = BT - 81 + e + p - | ¢/ 2] modg;

3) BN LZEHs, € 27, THHby = AJ - s5 + rmodg;

(4) % h=(hi,ha, hy) = H (pkg,pky, bo, br,
by,y) € {0,1}", 5o = v + Z:L:lhi -v;modq ;

(5) 1817 SamplePre (As, Tay,v,5), HEEZEH
fiocz2m;

(6) %ith (1, 7,0, by, b1, b2) e

Verify (pp,pks,pky, i, 7, o, bg, by, by) — (1 or 0
MNSHpp, SHIAYIpks = As, VHIAYIpky = Ay,
HEpeM, BENEr € RULIZE4 (0,bo, b1, bo) €
Sx (Zm)°, HREWIEH VAT LA FHRAE

(1) BAEO < [, o] < s/ AT

(2) &y = CHF (u,7) = A- p+ Ay - rmodg,
h = (h1, ha, -, hy) = H (pkg,Pky, bo, b1, b2, y) € {0, 1}

(3) E’rﬁiIEAs-a:vo—kZ:;lhi - v;modg & 5 HALs

(4) #7PA R AER o, 1, B,

Forge(pp,pks.pkv skv, p, 7,0, bo,b1,b2) —=(1', 77,
o,bo,bi,bo): NS Hpp, SHA Hpks = Ag
VAR (pky sky) = (Av, Ta,) LA B S A 1)
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2 %

443

(1,70, b0, b1, bo) € M X R x S x (Z"), V #AT
PAT #4

(1) i1%y = CHF (u,7) = A p + Ay - rmodg;

(2) EHHH E u e M, I8 1TSamplePre
(Av,Ta,,y — A-p',s), ERENEr € R ;

(3) it (u', 7', 0,b9,b1,b3) o
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