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ABSTRACT

Cryptographic protocols based on elliptic curves have gained more and more attention
in modern cryptography. The new scheme SQISign proposed by Luca De Feo et al. is cur-
rently the most compact signature scheme in post-quantum cryptography. However, due
to the complexity of SQISign’s design, optimizing its computational speed is a valuable
problem. According to Deuring Correspondence theorem, the implementation of SQISign
can be divided into two parts: operations on elliptic curves and operations in quaternion
algebra. For operations on elliptic curves, the original paper of SQISign computes on
Weierstrass curves.

This article studies the principles of SQISign, utilizing the Weil pairing to reduce the
two-dimensional elliptic curve discrete logarithm problem to one dimension, making it
possible to solve this problem using the Pohlig-Hellman algorithm. It also introduces the
Montgomery Ladder method to accelerate the computation of rational points on elliptic
curves. Additionally, it explores the algorithm from the original paper for generating ele-
ments with specified norms within a certain modulus, investigating the conditions under
which the equation has or does not have solutions. A method for determining whether the
equation has roots in certain cases is derived. By determining the existence of roots in

advance, the speed of the FullRepresentInteger algorithm is further optimized.

KEYWORDS: Elliptic Curve; Isogeny; Discrete Logarithms
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T FullRepresentInteger K115 y.
. FullRepresentIntegeroo(M): HEBEM > p, B ATEEER My €
9p\20

2.6 BIER|ERAVEE#R

T EE R B 2 SQISign IR REHEIAE T-50 T BAR I, BI[FE o 2 [8] 1) 5 46t
7E SQISign (S, ZHEH 75 EOK BN 2¢ INIRVR o AR — R BN 2% 1 FVE
$i,i=1,2,-,nfH15

O=¢ 0 o0dy0d, (2.2)
Horh29|p+1 (1BE) a = ordy(p + 1)). HAE B FEREE B K% O AE T4 E N 29 1)
%N (P) [RIVE pr, XTI FR T = (o, 2%) ALEARL TS ([C]P + [D]O(P)) Ii% kA5 2,

10



HIEIA R AR T GRS
Hr 6 € 0O4\(Z + K +20,) FOLIELMEEE, Hiki e a(C +D6) € K. fEXANILHE
e B DL AN S
* SpecialEichlerNorm (O, K): %@ R KFFHE O L RLAHMETEECH | 4 0— #
MK, FrH 20 R T2 7 B € ONZ + K), Hh T Af#fs ged(T,1) =1 H
T|p* — 1 AL S
« IdealTolsogeny(I): % & ZIMLTEEERR T FIBEAE T C O, i % B 1 [FYR ¢,
B 224008 T Wl T ¢y, iR BVE T BN (KD BRI Q = O(P) = ¢, 0 ¢1(P)
TR ASCERER, @il % 2.3 i R H Trd 6 £33 [C]P + [D]Q I x-*AArAHER
Q = 6(P) k.

H¥5 22 IdealTolsogenyEichler,,(0,1,7,¢;,P)

Data: ZJ0JGHCH 29 /e O— AR I, Z94636H50N 27 19 (0, 0)— FRAR T, DL R
YR ¢, E[2¢] nker($y) HI—ANEMKIT P

Result: J£4 22 [1[F1E ¢;

K « J+2°0;

0 « SpecialEichlerNorm (O, K + 20);

EFEae L5 1=0(a2%;

% C,D 115 a(C + D6) € K H. ged(C,D,2) = 1;

Wy | T, ny|T, {845 nyny = Nrd 6, vH5 H, = 0(6,n,), Hy = 0(0, n,);

L; < [JI*H;, ¢; < [¢;].IdealTolsogeny(L;), ¥ i = 1,2;

15 Q « ¢, 0¢,(P);

N ((CIP + [D]Q) HIFIIR ¢1;

IR\ ¢

o 0 9 SN N AR W N -

#3£2.3 EndomorphismEvaluation(¢,, ¢,,C,D,t,P)

Data: E — E' [EE ¢y, ¢,, b5 C, D, ZILTEEL Trd(6) = Trd($, o ¢;), —
P € E[2¢]

Result: [C]P + [D]Q ) x— *Bhx

i Q f#13 (P,Q) = E[29], itH. P + Q;

T X, (22X, (Q)%6,(P) X4, (P) X, (P+Q)}

T 51,5, 145 Xp,(P) = x([s11$2(P) + [5,]¢2(Q));

TH5E 53,84 1613 x4,(0) = X([$3]1¢2(P) + [54]¢2(Q));

AR (51,85), (53,54) FITFS, EHE (s + s4) deg(¢,) = Trd(0) (mod 29);

T xg = x([C + ;D deg(¢,)]P + [s,D deg(¢,)]Q);

jBIEI XR-

N SN N AR W N -

11
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3 Montgomery #F5%

3.1 BHEXER

# 18 2 SQISign »& %= T Deuring XN HARIZ B4 77 5, HASHE M4 -
)iz 55 18 DY e B BRI AR R IB 5

XTI 2 b A B s 5, AR AR BOR 3R 7 A A LB BRI SE BT 2R,
Xt ¥ Edwards #H 2k F1 Montgomery 2k, Montgomery!'] 2 i T Montgomery 7 /7
75, AT DL & 0t . Bernstein F1 Lange['?] 25 ) T 5¢F Montgomery 1 77 A K
FHCHHT

5E X 3.1 (Montgomery H14k) & XT38 K F[#) Montgomery HIZ& /& 77 1%

Myp : By? =x*+Ax* + x

i e IR Hh 22, Fe A, B € K, H. B(A* — 4) # 0.

SEFR_I, Montgomery Hii 28 & 5 Fh Weierstrass 12k . SQISign ) SZE B3 FH 1)
y? = x3 + x IEJ& T Montgomery 14k, #@ i Montgomery ¥ 777%, I X H3E T4
. B x=X/Z,y =Y/Z, WH Montgomery HIZE 52 L, FIEWT

BY?*Z = X® + AX?Z + XZ2.
% & Montgomery M1k E/) 54 BB, -+, By, -+, AT P = (X; 1 Y; @ Zy), @ikt
HAFRILLT R AR
Xon = (X7 = Z3)%, Xon+1 = ¥XnXni1 — ZnZn1)*Z1,
Zon = 4XnZn(X5 + AXnZy + Z3), Zoni = ¥XnZni1 — ZpXni1)’Xa
Mnz 1RO I — e AR T A P BRI SR L
Xon = Xy = Zp)* X + Z)?,
Zon = (Xn + Zp)* — (Xn = Zp)?)
(G + 20 + 52 + 20 = = 29)), G
Xon+1 = (X = Zp)Xns1 + Zna1) + K + Z) X1 = Zn41))* 21
Zonir = (X = Zp) K1 + Zni1) — X + Zp) X1 — Zns1))* Xy
X TIZIB A K R OL, E e 3.1,

12
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M 3.1 OB EMEL E : y? = x° + x, W& XBEZIRK ¢, € Z[x, y],

P =1, Py =2y,
Y3 =3x* +6x% -1, Py = 4y(x® + 5x* — 5x2 — 1),
¢n = xlp% - ¢n+1lpn—1’ 4ywn = lpn+2¢r21—1 - ¢n—2¢%+1-

3 N2
¢2n+1 = ¢n+2¢31 - lpn—1¢n+1’ é‘ nz2,

2yYo, = ¢n(¢n+2¢%—1 - ¢n—2¢31+1)a Hn = 3,

4 P=(x,y) €E,NE

0 enlF))

nlP = (¢n<P>2’ (P

WS AR LR S A

PnamPn-m¥? = PnerPn-r¥m = PmsrPm—rdis FEE n>m>r.

S n=28,H
$,(P) x5 — 31y o 3x*+6x2 -1
(P2 V3 B 4y2
o 3x*4ext-1
T
B (xz _ 1)2
A3+ x)

A x = X/Z, WA

X(2P) (X(P)? — Z(P)*)
Z(2P) ~ 4Z(P)(X(P)*Z(P) — X(p)Z(P)?)
_ (X(P)? — Z(P)*)*
—AX(P)Z(PYX(P)? + Z(P)2)
Mn=3HK,%E3P=2P+PHIT],
B31 FHEY=x3+xEF;T, AP=2:6:1) HtrET.

H 5 x(5P) MisFEH N Xs M Zs Wi, A

3. )R %0

Xs = (X2 — Z)(X3 + Z3) + Xz + Z,)(X3 — Z3))*Z4,

Zs = (X3 — Z)(X3 + Z3) — (X + Z,)(X3 — Z3))* Xy,

13
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MOER G DR X5, 2y 5 X5, Z, K193 X, Zs:

Xs = (X — Z2)X, + Zy) + Xy + Z) (X, — 2,))°Z,,
Zy = (X1 — Z1)(Xs + Zy) — (X + Z1)(Xp — Z))* Xy,
X, =Xy — Z)* (X + Z1)%

Zy = (X1 + Z1)* — (X, — Z1)?) ((Xl +Z1)* —10((X; + Z1)* — (X1 — Z1)2))-

R
x(5P) = 8.

32 WEHEI AT S EEHE

ARSI i B ARAR A T (X, Z) BRROR TR e SR B AR [ i R A (R
AR T IS S5 BORAE RUR ARAE DX ] o 5 R0 T TSI S, A7 PRUAER AR vk
FHAINE 5 2 B NGNS o WAE S AR AL AN FH 477 Sk A, 17 o A5 FH i 52 A A7 A
SRED BRG] o

L FRIR, BRI T P B x5, 4y, BE R y; S . (5 g R A
T X,2) (51 x = X/Z), B4 y B2 3 Malaert: A, — i, BLEH
i o

B 3.2 250 y* +1=04EFs THMWME £ F, TRAM, y> =0/ F, TH
— M

B REE yp, W y; FRERHAE ; 1A SIT FRFE, X T A0S y AP R4,
BT xp_q A xq SETIERE xp B HHE yyq M yy BT S AN, xp FAAE PR AT RE,
XS BLF yy TRAFAE PRI AT fE: IXFEAF 2 P A DURT AT REVE! T b7 i He At )
€ X (X, Zy) (B4 Ty B—Ffs

ik I — P Jacobi ABAR KT A, Bk, K4 x = X/Z%,y =
Y/Z*. Hamburg &45 1 W15 th 4 sz 5 p) 7L U4, B9 1 Jacobi AMAR7E 1T
22 1L, Montgomery £ 1 77154 Jacobi Ab b5 7 iEA AT IR . (B8 FH S 2 2
PR H MR R R o

3.3 E9miERE

Bernstein & 7 Z 0 NEET7 1. 250 sk —MongE, K& —1 8o s
m+ n, TIRIUE m, n, m — n BEFEPZ AT
=" ik Xon> Xont1 5 Zon> Loyns 1] fﬁ?ﬂ w\iﬁ—‘ﬁﬁ'\ | An+n =

14
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f@m» ap, ap_) BIHE: A1 L @y = flan, an, o), o1 = f(@p, Apyr, @1)e XHL
FEWE (Xns Zns X1 Zyyr) WEA Z I INEERIVEG o A A1 ST CE AR [ Hh 25 | T
A NI, He T8 L KB R h £k g Hofe ] UL Bx 2 iR R R . RE R 3.1,
%8 B, H B, 132, Bypyy H By, A1 P 153, AHESS515 H 5 3.1,

#¥:3.1  DoubleAndAdd(n, P)

Data: i P, IE% n.
Result: nP.

1 B n I THERIR R no=ng + 21y + 220, 4 - + 2Kn;
2 fori < Otokdo

3 if n; = 0 then

4 ‘ Pi «— 2Pi/2

5 end
6
7
8
9

else
| Pi<P_,+P
end

end
10 return F,.

{HIZTT ZAFAE — € BRI, HARARIN N Bt 2 R s a o S AR 43 3 Moot i it
S ARAE FH OB TR SR SR N 145 B2 . SEBm b i TR 1] B 28 _E S nyk 5 5ok
EAEN ) 22 5, Wi SR8 3 n J2 B T REM .
3.4 Montgomery #5F

WA AR B (X Z0), HARTE (X, 20, X5 Z5)e 2
Ly = X Zn Xni1s Zna1)
oG Zs Xpi1: Zns1) = Kans Zos Xoma1: Zonsn): (3.2)
A i1 Zn1: Xns Z0) = Koyt Zons1: Xons Zon).
BRI AT (3. 1) AL It
Lon = fo(Ln).
Lons1 = fiLn).
T SR 3T ALY T B F RN Ak R4 5 N T
Mo (EIE A EOE A A SRITER, T35 —Fh R 1 ) Montgomery BT 5.
UL IDN
So(Ln) = Ly,

Sl(Ln) = (Xn+1’ Zn+1’Xn’ Zn)’

15



ST LR B AR B G0

AR (3.2)RIRN fi = Sio fo o Sy MILIXANTy BN g fric S 18]y &
T390, N T RIEASFEIT n A UCEOH ], 24 F 2330 n IR 78 1 A2 7E 0, 1
5k KEyEME. BEAGHED 3.2,

#yL 3.2  MontgomeryLadder(n, P, k,)
Data: i P, IEH% n.
Result: nP.
1 K n F T 3ERIROR no= ng + 2ny + 220, + - 4 2Kny;
2 7 k < ko, W4 n; =0,Vk < i < ko;
3 fori —ky—1to0do
4 L« Sni mod Z(L)’
5 L < fo(L);
6
7
8

L« Sni mod Z(L)’
end
return B,.

16
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4 NMRAWR
4.1 BHMBHNEZE

HREHE 2.3, HF T sp, 55 R 53, 54 MRS _F 25 06 5] 8 KR A7
Bl e an ™ iR
$1(P) = [511$2(P) + [52]1¢2(Q),
Horh ¢1(P), $2(P), $,(Q) HIFT A 29, XS — NGB 4 B HON En] R, % T 18 %
(11 2 44 B Bt B0 B, Gaudry-Schost 595 BE 0% KA 156 7 (18 o
EX 41 SHESE ¢1(P) = [51]$2(P) + [55]¢2(Q) i F-LL % 0 < 5; < 29 BT,
i=12. EFXEET,WC 7%

T ={(a;,a,) €Z7% : 0< q; <2%i=1,2},

W = (nl, nz) + T.

FAL T Pollard £ WU I%, ZFIEBAT I AT REFEHLITFE, Horh—F a9l E
AL, BRTEAA [a1]¢,(P) + [a,1¢2(Q) MWL, I (ar,a,) € To F3—7F
e BT AR, AT RIE 2N ¢1(P) + [b1]¢2(P) + [b,]¢,(Q) ik, HH
(by,by) € Wo PRI RN BEAT, LRI Jr PR IR . S8 BRR IR /R, RERrok
REZITHZH (BRI W B T HEIGR) MR, a2 AT — B LA
Wk -

2 2 2548 B o B ARR IR AU, 12 4 B O i ) R R A5 3 A

[a1]¢2(P) + [a2]¢2(Q) = ¢1(P) + [b1]¢2(P) + [b2]$2(Q).

M. V. Nikolaev!!>) $& 4 T —Fhkidt Bk 77k i@ se, @l A AHE S B E R
KA, 1] [FK Gaudry-Schost L HIEE B BB RIMZE y? = x> +x FAFAEHF
BT (x,y) e (x,—y), WIEiZ 052000 R 24 FE PR A (14€)2.5066 X 2424+ 0,(29/4).
SR 24 B 5O 0 0] R AR LU S 0% o SEBr b, el TR IR il 2 B PR A Re R A ot
AEAE S N ESER) T

4.2 FERE| BT E X I

Weil X 2 A0 FEARR B th 2R He e n A 71 LA .

17
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X 4.2 (Weil X0y T m € N, E[m] = {P € E(Fyn) : mP = oog}, & X
Weil ey, X1 ABLT e, @ E[m] X E[m] — Fyn, S84 L 41T 24T

em(Pl + B, Q) = em(Pl’ Q)em(PZ’ Q)’
em(P’ Ql + QZ) = em(P’ Ql)em(P9 QZ)a
en(P,P)=1,

VP € E[m]\{cog}, 3Q € E[m],s.t. e,,,(P,Q) # 1.
i e, (P,P) = 1 %1,

l1=¢,(P+Q,P+Q)
=en(P + Q,P)e,,(P+Q,Q)
= em(P, P)en(Q, P)ey(P, Q)en(Q, Q)
= en(P, Qem(Q, P),

i e, (P,Q) = - (;’P), WA e, & XFTFRIF] . Silverman!® FHHiERH T Weil Bt X H
FAAEME

KRB TETIICE ¢,(P), $,(P), $,(Q) LI NHEE E[2¢] Tt Xk, Hulid Weil
BE X, A7 AR AR AEORD 28 1R 4 8 EO 00 10) R SR A 7 R BE R Y 735 . i Reza
Azarderakhsh 25 (161 &t — Fofuléy AFf 53 i 28 - fr — 2 o 0k 400 1) AR 480 i A PR 1)
B HON B B TR . A4 e N E[29] L) Weil X, &8

e($2(P), $1(P)) = e(¢p,(P), [511¢2(P) + [52]¢2(Q))
= e(¢2(P), [51]¢2(P))e(¢(P), [521¢2(Q))
= e(¢2(P), $2(Q))*2,

e(¢2(Q), $1(P)) = e($(Q). [511¢2(P) + [52]¢2(Q))
= e($2(Q), [s11¢2(P))e(¢2(Q), [5:1¢2(Q))
= e(¢,(Q), $2(P))™
= e(¢2(P), $2(Q) 1.

A T PR e, BIRE 4 IO $0 i) AU 45 0 PR A — 24 R SO A ) i, R (1 ]
AR AT R e($2(P), 1(P)), e(2(Q), $1(P)) EAL e($2(P), 2(Q)) T -

18
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S X M1 22 4 B RO ] L,

a11X1 + Xy + - + A1 Xy = Y1,
A1 X1 + AxpXy + -+ + Ay Xy = Yo,

A1 Xy + QX + - + Xy = Yns

HH X,y € Ry, 055 € Z, HAFAERZFFIIRNELNEREL f(x,y) : Ry X Ry = Ry, 15

FOx+x2,) = f(x1,¥) + f(x2, ),
fGay1+y2) = fOy1) + f(x,p2),
flx,x) =0,
Vx € R \0}, f(x,¥) #0,

JRAL, W ATEAT LT 34,

af(xX1, X3) + -+ + a1, f (X1, x) = f(x1, ¥1)s

Ay f (X1, X3) + o+ + @, f (X1, X)) = f(x1,¥2),

Ao f (X1, X2) + -+ + A f (X1, X,) = F(X1,Y0)5

L B 5 7 L PR T i > — A Ty A 0 7T, TR T o 8 e B, 1 4R
e HL A g — 4 30 BN 00

AT Weil XFIIRE, HATA 2/ M FAT A8 200771, H—2 Miller 5
g LOlop- 394 L Sy B X 2% 7 ik 1),

VEREBIRIESCI8) A BsR p? — 1 EORHEEL, HOh T Fpe b9 B BOGH ] AT fe P
Pohlig-Hellman #.i% .

Pohlig-Hellman 37 A% F1] F 5K B9 oo B0 BERI 9 D T4 s iz 5, %
FEEIRE By WA p?2 — 1, (e(¢2(P), $2(Q))) MU 458 HERR p? — 1, Wit At 4L,
BV | (e(@a(P), p2(Q)) | = TTiy prt, T FHiZ 753 v 4 B8 Ot B i 2 2 P vl [ 3
O (T2, ki(log | {e($2(P), $2(Q) | +/P1))-

Ve T SQISign Pst Al S R TR A S e 1 RS R PR R A,
e G IR T4 50 1 2 85 At B0 R (R D SR B, A p? — 1 DRI IR AR S B
SQISign B I ATFEME .
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4.3 MITE AT

JF 8 3C 581 FR ) RepresentInteger 5 FullRepresentInteger fii ] 7 — 2L F
B D R B FEAN YT B DAEAS VG HO N 4 8 5440 . R 1 LA FullRepresentInteger 4151
Witttk . HA Cornacchia [ 5E X 2% Basillall®l,

AR IR EUE B N B e L B AN B4 2, ¢ 145 MY 1= 4M — p(z% + %) >
0, R J5 F Fl Cornacchia 55 KRE x, y 15 x2 +y? = M. BIEFHR W4 1078 .

Hik 41 FullRepresentlntegerOO(M)

Data: M € Z ffif§ M > po
Result: y = x + yi + ZH-TJ + t%, Hr Nrd(y) = M.

A m =] % |, BUBENLER 2/ € [-m!, m'];

2 om” =,/ M _ (2], BUBEHLEES ¢ € [-m”,m"]. 4 M =4M — p((Z')? + (t')?);
p

4+ Cornacchia(M’) =1, IR[FPEE 1. 504 x',y" = Cornacchia(M');

#x ' #t mod28 z' #y mod 2, REIDIE I,

Ly=& +iy +jz’ +kt')/2;

return y.

S AW

XTTHEE M 25y =07 AR a) AR ) S B0 T AF 2 T2 8 AL, W Fermat
R HE
SEFE 4.1 (Fermat ~F-J7 FE BRUO) - Hr R4 p BEME— KR p = m? + n?, Hirp
mneZ HHNZ p=1 (mod 4).
M T F L85 m(GiR & 52 R A AAEAE -1 7 F1 A 273 A ) i W) B8 g 1
o FIE RN ATECE T M, — A 8RO T A, IARECE T AN B, TeA I L
FiE O
Qk+1)*+(2k+1)>=2 (mod 4),
2k +1)2+(2k)’=1 (mod 4),

(2k)*> + (2k)> =0 (mod 4).

itm =3 (mod 4) N, NFLE a,b € Z{#1F m = a® + b*. {E1THE Cornacchia
ZHI AT S — Kk m mod 4.

—MNEBR B, S TEE M > p, T 4AM = x* + y? + p(z2 + t2) 2B H
fift. Hh p=3 (mod 4). HJEF| Fermat 1] V5 flE#, S5 &R m) @,

W& A M > p, ML p(z2 +12) <4M W] z,t € Z, FH 4M —

20
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p(z% +t?) = 3 (mod 4) fHAL,
HFEHEHE (4M — p(z® + t*)) mod 4 EUEE T,

4M — p(z? + t?) = —p(z? + 1)
= 3p(z + %)

=(z>+1t%) (mod 4).

B 2%+ > AAHEN 3 mod 4, TGI8 M EUE LI, 4M — p(z® + %) fE8L 4 LT
BT AT IR o 1K 3 W 75 L SR I B R LR AM — p(2% +12). bR BAF
TERRT RN P P R B %A

B FHEZE R @)L, # p; = 1 (mod 4) RS p; 2 AIRIIRAUAL AT RIR A
AT

(a? + b?)(c? + d?) = (ac + bd)? + (ad — bc)?. 4.1)

X T pj = 3 (mod 4) MEH pj. M HABIRERA p™pi = (0] 0 + (b} D).
da,b € Z.

B 4.2 POIR 70i] R FEEAERIN, KL 7 PREE (p) 2IANY 7 -
Z[i] 320 FAR R LR a0 LR

1. (2 = ((1 +0)?), & Z[i] T — P RBEAERFT7;

2. # p=1 (mod 4), M| (p)¢ ZPMAF 1) 2= EAE A,

3. # p =3 (mod 4), | (p)¢ 72 Z[i] FRHEH,
X JURE LA Z[i] AT Z) s B B ml g

M T Z[i] & AR, W Z[i] EME— 7 IR, i Z[i] T ERAE U VE
HAEAAR A R SR ME—

WO TAT RN a + bi ¥0ITE Z[i] oAl EJLEARTL 0. #eh

a’+b? =N(a+bi)=2]] pl 11 pj’.ﬂ},
i j

H N(a) = aa, p; =1 (mod 4), p; = 3 (mod 4).

WO TR M ATRR A T (BT x =y + 0%), B HLY
mm%moﬁWﬁWM&jo

F T EINZFAERE 4 FREEHFAENT p = 1 (modd) M p = 3
(mod 4), MR FIRM %M. ZE6=3x2=2=1x2 (mod4), i 6 NEEFR
TR, 2 I AR A 2 = 12 + 12,
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k4.2 FullRepresentIntegel‘/(90 M)

Data: M € Z f§1§ M > po
Result: y =x+ yi + ZHTJ + t%, HA Nrd(y) = M.

A m = %J, LS 2’ € [-m!,m'];

2 Am" =,/ % —(z')?], WEENLEH ¢ € [-m",m"]. & M' =4M — p((z')* + (t')*);

3 XATHE p}IM’ H p; =3 (mod 4), FATAE jst. 24 ordp}(M'), RIEBIR 1,
4 #7 Cornacchia(M’) =1, IR[FZHE 1. &4 x',y" = Cornacchia(M');

5 A x' #t' mod28z #y mod 2, RFEDIEI;

6 Ly= +iy +jz' +kt')/2;

7 returny.

I A3 5E 7325, 71K R FullRepresentInteger IS 5 4 200 .
R R, AFAEE 78U, AR PP AT A G 3R BV 5

i 41 XIT p =19, BRH p = 3 (mod 4). ARMAFETLEK ¥y € Oy 1113
Nrdy = 57. HE7%

228 = 4 X 57 = x> + y? + 19(22 + 13),

PR BRI 19 x (12 — 22 — 1) = X2 + 2, M 22 + £ = 12 BAKL, WH 19]x2 + 2,
MEAEAF x2 + y? £71E, W H Fermat “F- 77 flE 45 p?|x? + y2, # p|12 — z2 — 2. 1M
12 =22+ 2 fif, 12 — 22 — 12 < 19 BARST. TR MR .

Lhr EIXMIERAFEN, & 4.1 R EREILE LMK T ES . SRR
% FullRepresentInteger 17 1F— & 1] BE 14 A& T IT), PRI G 75 22 50 24 % AR AR 1% 55
AR oI B DA TR M AR R RN p e 7 2,

®41 fERTTHEAM = x* + y? + p(2® + %) TRRE 248

p 19 23 31 43 47 59 67 67 71 71 79 79 83 83 83
M 57 69 93 129 141 177 79 201 77 213 91 237 95 139 249

LR @R, 5T M =3p WIHA T, TR
EH 43 T p=>19 H p=3 (mod4), % M =3phf, 5%

AM = x> + y* + p(z® + t?) 4.2)

A

B M = 3p I, (4.2) L 12p = x* + y? + p(z? + 1), WL AL faT 43
(12 =z2 - 3)p = x> + y%,
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