HJm (2025 F) 4 RS I AP EE S R S

FE— -RLWE 8] &0 MLWE [0 85 {43k i

TE: WA S I EROR PR S, &G0 o 51 % 4 ) Th I 7™ 08 22 4 By, AR STt
NIST J& & F %M bR a4l FH A% O i), IR A FE 22 2] 5 d R (RLWE) A2 2] i i
% (MLWE) [0SR AT 5 2 Ao, 1%, 510 3 2 B0 52 T 38
R, = Z,JX]/(X" + 1) FEHM (a(X)) = R, WIHER. HWK, IR EEEK RLWE [ @
SRAGHESE: T8I e A IE R RLWE #40 AbrdE LWE 0@, FIH g-ary #0204
NEGE A& (CVP), FHE Kannan # N F AR S A 506 17 & W 8 (SVP). SE3G K
kB ZMSH % E T RLWE L@l s 20X s 5 iR2 0 e, HAH 15
7] S FR) e 25005 JE A H B R ARHIE T VT AL B T 1 5 B T3S 7 & (W1 NIST brife
ML-KEM F1 ML-DSA) fSERR 2 45 iR 4 7 MR a5 sl T A,

KEEIE): K52 Y; RLWE; ¥FE204k; 558 Im) &= o] f

51E

RS BT STV TE JUD 5 % 0 A B 5 G 27 1) 22 A VE R R A PR B AR Sy Xt
Pk, BEFZERF (Post-Quantum Cryptography, PQC) Miz ik, HiZO7E Tz
ETEFHETEMER O RS, B BT 2 MO8 AL 48 A 5 % A 2
LA RS, MR E L TR

B 5, REEZHESEART 7 (NIST) T 2016 48 sh &Rk & 7%
MRS, S0 28T Y, NIST F 2024 4 8 H IEUEAT LG & 720 brife:

o FIPS 203 (3L TR 27 31 A 15 i) 8 i) 2 B B B 0L ML-KEM)
« FIPS 204(F& Tk 7 2 i B iR i B 7 2544 ML-DSA)
« FIPS 205(JIRE& S #7244 SLH-DSA)

Hrft FIPS 203 (Crystals-Kyber) 5 FIPS 204 (Crystals-Dilithium) )3 #8853
iai=ml# (Module Learning With Errors, MLWE). iX £&75 5 i B 18 22 4= M A 57 A Rt
TIRE MLWE S KA CIndpsy > iR vl @l RIWE) BB R E:. B, TR AR
fit LWE [l 5 J i) vk B 52 2% BE AR AL FER MR 8005, M G PRAl J5 & 7 35 0 07 R 2 e
PRIBHEA.
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HAXIE

ARG T X LWE DA AR R (AR DG 78 K 80n T

REAFSEMBTEESR. HEAFEEWR T JLTE LWE Btk ) E iR i,
FoAZ Ol R R A% 52 ) B B 2o 1 7 R4 /N R I SR B & LLL Bk fE
N2 W (R 55005, B AR RO ALLIE A (A AR 2, (H FLAR 1 0 S AR BHE H g bl Block
Korkine-Zolotarev (BKZ) #i%? HEAEIRTT R A &, A0 LAFRHOn 18] B 28 AR, ek
R AN BKZ2.0° A#rdE sl BKZY 0 BERT 7R, AT RN, BKZ KTy ®
PEAR A% r SR A foc i [ 52 1) R, vk ™8 R JFG R 00 T 1) P 2 R R i ) v oy B
TR, HH N A FERIRE 218408 K. Bof i Y Flatter 5050 i b 40 1A B2 & 21
BOR, FEORFF LLL 220 i 1) o 2 1) R B SEE IR T SR PR e 24 7.

SHUETER. HXF Search-LWE Xt 2243 HPYE: uSVP B0 Hlas
Y, Cool&Cruel Briti'? PAK X} Decision-LWE KX BT 1314 uSVP F il
SRR RS S, A 5 1) W A1) R A g RN T — R R ) R [ RO XA I
7 38 i 4R B RS T 1 4 ) B R AR Decision-LWE i) 8115, HAZ O M HE: RS
XSPBTE10: KHERE A S ROAWESY, Sl dEAT A% B L SRR I TE B, KR IS T AR
R, rh B AHAE I (MiM) M 38 AL 2 50 50 R B S M RS2 TH i Th 2, (H R Fa B R A
fF. WL I B L SALSA AEZE AR T i@ Il 2R Transformer #5751 A 2 6 FF
A (A, b) HIM b HAEAEH, RETELEE n < 1024 T RINRE M B 70/ =08k
1. Cool&Cruel Hriti? JUIF] M HL 2 1] J5 A5 FE )" BB I —— i 5 51 DR 47 AR £ i
R ("Cruel” £7), JGEBFIEZSi /N ("Cool” L), Joilid 2 /AWK E Cruel £7, FH T
OEVE RIS Cool i

AAREETIE
AR T TAE IR 5
1. WHIE R, FIHSBENITE o(X) WL EEAE (o(X)) = R, FIREE;

2. J&T Primal Attack KFEAFZET KR RLWE [u)@ll, 5Dk 5= RS i pi
i s GHHRM R e (MEHMFEWE 1, B Search-RLWE 1 Search-LWE 435l
fa’5 N S-RLWE il S-LWE).
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S-RLWE —— > S-LWE —— > CVP —— > SVP

Reduction Reduction Kannon
to LWE to CVP Embedding

K 1 AW UL R .

—.\ BIEFR A5t ER

Z H R 53RN BERANEHI,. N T AR ¢, & Z, o ¢ MBS, W
Zg=7N[-12). XTPNEE v=(v1,...,00), W= (wy,...,wq) € R, & (v,w) FIR
WA S = v BATA |v] FomgE XN |v] = (v, v) BIERIRTESE, AT RoRME A
E.

1 (% LWE ii@l). B2 —AMRERME s € Z'. LWE 2% A, £RAFE
(a,b) € Z} X Ly, X F ™1 E a £ Z) L GMALEIR, B b= (a;s) +e mod g, REA e
KHEQHH v BREFTRIHER HF LWE FAZRKRILERE s.

EX 2 (WEF LWE [W#). B2 —ARELE s(X) € R, 3 LWE 5% A,, &
BAEAI (a(X),t(X)) € Ry x Ry, ¥ 20X o(X) £FF R, EHOMHAZR, B
tX)=s(X)-a(X)+e(X), 255K e(X) KEANH . bREFRIHELR KL
I LWE PR % RKIAE s(X).

FEREHRIE. X R (B R,) THERICRWWRRINAZIET Z (8 Z,) M n—1
R NTIR f(o) = fo+ AX + -+ fua X"t € R (B R,), HEH WM EILAH
f=(fo, fro-- s fumr) € 2™ (HCZD). 5E X £ HITREARIEN:

I'Ot() ( fn 17f07f17"'7fn72)- (11)

ZIA R NS R HIiE of (¢) MREFOR. #—2, MEE 1 <0 < ng KigkE
rot!(f) X R TCE o' f(z) FIREER . Fealh, R R AR 2 = —1 75 rot™(f) = —f.

1. MR LEAZ A RY B EOIE TR, AR L AT RY iR &M G IAT
M4 by,. .., b, AR

h
=1
[ B = (by,...,by) PN L HIAES, AR L B K S T 5% ) HOR ks 1O 4L

3
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(BFK), iEA dim(L). 4 dim(L) = d B, B8 L N R FR5RAS. 2 X M (L) A% L 1Y
BB IRIME, BI L A AR i B A

q TTAG. W g NARE, EHWHHAE L CRUBRGUERR ¢Z? C L CZ4 WK LA
q Jut%. BT LWE SE6, SCER? #9ie 14T ¢ Joh& DARZI 2 SVP, CVP kg ML X1
25 € LWE S5, AIMIEtn ™ g Joks:

A A) = {a €7l |7=sA (modq), Jse Z”} . (1.3)

~

A
% q JTohEH (d +n) x d FiRE AT AR ARG, o I N d e AR
qlq
Lenstra-Lenstra-Lovasz (LLL) Z9{LE. X724 6 € (1,1), # L c R™ 1%
B = (bi,...,by) A 6-LLL ZM6EEFEH R (i) RTLRME: WHEE i > 5 2 || < L,
Hrf pg; = (bi, b3)/(b%,b%) 4 Gram-Schmidt 53 (i) Lovasz §FfF: XEE 2 <k <d

Wi 5|b;_ 112 < |Ib; + pra_1bi_||?, FHA b N Gram-Schmidt IEAZ LA &, %L L
WREE R % a=45—1)"2 1

by < a® A (L) H |[|by] < "D 2v0l(L)Y4.

LLL S0 i i ARRAT ROT 29980 [a) S A e SEIL 294k 2438 Lovasz ST, 84t
by 5 by FFEFIEAA. HEEEIRECT AL d N2 TG, v R0H bR m) & (6]
HILRAEAR SN, Do s i~ At TR

Block Korkine-Zolotarev (BKZ) Z94LE. X T#% L C R™ {5 B = (by,...,by),
& SOEZHSEHE T my ARELAETZE (by,...,bjq)" EMEGY.

2 By = (mj(b;), mj(bji1), .. mj(by)) T HE Ly = LBy)(J < k). MK
N B> 2, #FE Bl RCT Ak, WA 1<j<d-1F:

||b;|| =M (Lj), k=min(j+ 5 —1,d)

MFRFH N -BKZ ZifbdE. Fehilth, 24 8 = n B EI2A Hermite-Korkine-Zolotarev (HKZ)
S

BKZ B it (AR B T A M0 3E: XHE M By S6i47 LLL 204k, 7
VPR SVP Bk (IR REBIEIE. 5-BKZ LI KIE LR by <
VTN (L), Horkt v S9HERE B 9 Hormite HOML MIKHURS 5 BATREA /9 LA3k
K R (L O SF R —SUS A TR Ly - SVP SIS A 3
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=\ 5 R, hEIBAE (a(X)) = R, HIBEITE

1. B EMSHTESE
EIE IR R, = Z,[X]/(X™ + 1), b n = 256, ¢ = 3320 NEH. FHitH L6
FUEBULE a(X) € R, 2 EHE (o(X)) = R, FIHEER p.
(a(X)) = Ry, B HANE o(X) & R, THIATT T, LRSI Z,[X]/(f(X)) Ta(X)
A 1 78 B SR A

ged(a(X), f(X)) =1 TZ2WH  Z,[X]

Hep f(X)=X"+1=X%0+1.
B 2 TAEIE, XP12 — 1 = (X0 — 1)(X%0 4+ 1) = [[y500 Pa(X). Bl 512 = 29
Hnx2=512, A:

F(X) = X0 41 = &515(X) (2.1)

Bs19(X) HIRBONERH BB ¢(512) = 512 x (1 — ) = 256.
FEARE Z, & (¢ NFFRE), ged(q,512) = 1 RIE $g10(X) BIARATLR TR EH ¢
B 512 HIFRIERT HRE

q=3329=257 (mod 512)

257 = 66049 = 1 (mod 512) (K512 x 129 = 66048)

HORIEMTA 2, ©515(X) 16 Zo[X] oMl S50 = 20 = 128 M ERH — A4 Kk
Z I

128
X#0 1= sz'(X)a degp; = 2

=1

FHER B a(X) 5ATE pi(X) ERFIMEEREA:

p= (1 - q—12> - (2.2)
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2. HELER
RANSHL ¢ = 3329, 13 A AR AHE:

1 128
—(1- 2.3
P ( 33292) (2:3)

=. RLWE # MLWE |)55 g4 3k fi#

1. RLWE Z| LWE B9# 4

M RLWE 4 A, HFIRBCRFE (a(X),t(X)) &, WT a(X) FAENE a =
(ag,a1,...,an_1), FIFIIERT N n x n HEE:

a Qo aq ccr o Ap—1
rot(a) —Qp_1 e Q9
A= rot’(d) | =| —-an2 —an1 -+ an3 (3.1)
rot" 1(a) —ay —ay -+ ag

I OZFRIR KR t =sA +e (mod ¢), H ¢, s, e Al N2 I ¢(X), s(X), e(X)
FIRBE. X LWE K& t(X) = s(X)a(X) + e(X) Al AR PR

tX = t(X) = s(X)a(X) + e(X) (3.2)
=sX'a(X)+eX' (3.3)
rot(a)
=s| rot?(a) | X' +eX' (3.4)
rot""!(a)
— (sA +e)X' (3.5)

JEAE X = (1, X, X2, X"Y) HORR R (3% R, B0 ZH (B0 2,40 [k ik, o
AR LWE FEATTAE O 0 n 0 LWE S0 (A, t), SR FRA o, BRI e



St

F1)m (2025 ) EEEREEEERERIES IR X

L1 SRR

R A, KB m > 1 AL RIWE FEAR (a1(X), (X)), ..+, (@m(X), tn(X)).
A Ay Rz (2) MIER, SR a;(X) 1 nox n 550, W FTIAMHES TS m MR

t;=sA;+e (modgqg), 1<i<m (3.6)
W IX L R APHEFF T A nox d 1) LWE SEH:

(A1), t=sA+¢ (modg) (3.7)

Hp d =mn, HifE:

A=A [An), T=(t ] |tn), €=(er] - |en) (3:8)

NPRERYE M s (MfE—FTIRENE, ARG HFHCBEFRMSE m>2 (R d>n) .

2. LWE &|] CVP B9

BATTH LWE S| RN ¢ To8& A (A) ERIEE A& S (CVP) 524,
AR RNt R, H R R e LR (AERRME LWE B b SR B TR
TENTHRE ), HARAE T 515 sA € A (A) MIB/MNEEST 6. MNHARAESE, X
B AEBHEEEE (BDD) WSl ———FiRek i CVP &8, H 2K B AR m &5
SR B AEAE R

AL RLWE R EER s(X) N2 T, PIAIEUT 2n B850

A -1, o2
A™ = S/ (3.9)
ql, 0

A AN A BIAE KBRS, R S H bR T R

t = (t* 0) c 7" (3.10)
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TAFAERE R ) B 5™ = (s* r) € 27", fEfH% A s A 5 HARAE > EREN:

{ox _ gexpex _ (t* 0) _ (S* r) (A ;"> (3.11)

qL,

_ (e* S*> e 72 (3.12)

Forfr e A s* 2050 H bR R R RONURR 3 A

3. CVP 3] SVP g9 £y

Kannan ’s embedding. 2t [0 CFEACATER L(A) HFHREEE H bR & ¢
B AR 0, FRIR AR & e, NSRRI CVP MR, ATRA Kannan $AHR™ K
A BB R R (SVP). MG (2n +1) x (2n + 1) 4EHRAASFERE:

A= 0
A® — (tex M) c 7,(2n+1)x(2n+1) (3_13)

Hoeb M ONFREIRNFE R CEFEL M = 1). X5H £(A®) M LLL 5 KZ #3252,
AISR I 4 0] . i ) R AL S AR R et MRS R R s RS R, R R
SEHESLHL Y RLWE [FIEE] SVP [ B2 5 SR ARHE L.

Kannan SRR RAE. B 5 NREBIERMY RSE k, AIER TIRAZ N5
Ko, BERT BKZ SERSRRINR 2. 458 LWE 26 (A, t), MGy R

A 00 0
t n 0 0

A= | rot(t) 0 n --- 0 (3.14)
rot*”1(t) 0 0 --- 7

BEAERAERE d + k FOBTE Ay, HEE & DS R &

{(E,U,O,...,O), (rot(f),O,n,...,O), e (rotk_l(f),0,0,...,n)}.
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I AT N HEE R, TR AR AT AR B AR R K, T AR AR AR
LIGRWY (B n = 32,¢ = 577,d = 96,0 = 11.0, 5 = 65), ¥ I LR ZRTFK
Y k=1 (RN H o =1,[0],2[c] B, IS5 55%,69%, 62%:; i
k=234,5 B IR AE 75%, 78%, 76%, 19% CBJRMGHKIRTF 23%)%2. FHEE,
FRIhHBE kB 29 shit, B2iR R o Al BKZ SR/ g 2R R m, (24 ik

N LIFSVERIRCATE i kol

4. SVP [a)ga ik %

A B R ) B ) (SVIP) P T A0 PR S e VP A s B i P e A M A 0 it 3
SRR B BRI B RS PR 1) SR A, ARl ERORE TV TS BKZ FIRAESE ) Mz
SIS, Horboizg Sk AR N R T BE RN BKZ DR THER R, M2k
755 DUR s G, BN R n 4EBERIR N BT A% RURSKR AR SVP, SERRHAT I FE T
WM MO 454 BT AR E N HAZ O T B, T8I T S H00 T AT BT b, 2
FZH/MER AR, S GINA R, 25 S B, H e BKZ
TAEF; SRIMAE s 00 T, I TR U (i B e (20 loen)) st RE 2RI T I, i
SARAL I EE .

e R 7 —REERMHAR, B 2001 4 AKS k2 $E 5 Rrskiit. FHEie
ISR MV fFERS R (ListSieve) 2, W70 & bt Jo & 8 8 & A
W NV 5152 fm i (GaussSieve) 2t UL+ R M A6 B 3 BARTLAE = /N4
(1) BIEEWAH: AT NV fVEREREE (Level Sieve) 627, 5T 51 R 5 1 7o
H979% (Tuple Sieve)?, DAL (Linear Sieve)?; (2) & MNE i A: 1& M5B E
JEIG A 20, R UL I S B Grover #1232 fRAIE JIid 2 (3) TAESLEflifb: iids
BRSSO, BT RRATIN) GOK HEALT, DA RARAF Al 7 SR IM k-9fiv255. HpiilfE
1R, B R N BA R ik 5 4% FE ) LDSieve! AAGR T M HTEEARKT. A
N BKZ IR, BRTRZE Rk 2 4eth b B4 T 7 A% SE 365 /i fig

23t FIRINLY, ALY N = 2n + 1 4Ek% BRI A E R (SVP). M7 3%
FCE A n = 64,96,128, 256, Xf N A& 4ERE 73l 9 129,193, 257,513 4E. ££ 257 4EH1 513
Yeps FoRERER SVP A B E MR —41] SVPChallenge i3k &N, CLRAEM
I e 200 4E (L7 1.05). Ak, FATEA SGAE HEZL ) LLL, BKZ LA K
G6K BVEHHAT SVP RESLE, HARZ R IR 1.
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R 1 RELR

A | n | N | el | |s]] | SVP-Solver | 275 i 4 1F
2.1 | 64 | 129 | 854 | 7.99 LLL =
2.2 | 64 [ 129 ] 1.73 | 1.41 BKZ &
23 | 96 | 197 | 9.38 | 9.27 BKZ =
24 | 128 [ 257 | 11.1 | 11.44 BKZ &
2.5 | 128 | 257 | 13.74 | 2.82 BKZ &
2.6 | 256 | 513 | 13.71* | 4.00* LLL =
2.7 1256 | 513 | 10.58* | 4.00* LLL =
2.8 | 256 | 513 - - G6K -

T 7 RN A BRI T IE AT (] SR A, 7 RN TR BR )T SR I A
SEIGERE: CPU: i9-13900H@2.6 GHz, RAM: 32GB.

. Z5ig

RICRNBEFL T RLWE (8] BRI SR 7575, B AEHESE G &1 %A 1) 22 e P AL .
TR Z R, BAVEHITE 73 R, = Z,[X]/(X"+1) FEHRE (a(X)) = R, WE
AR, AERRHESHL n = 256, ¢ = 3329 TARE] (1 — ;)" MEHRLCR, XN RIWE
1) R PR 5 8 W R VT A A S R 7 R 2 A PR T BRI JE At

AT 7 — D 5E 8 RLWE SKRABHESL: & Seilid Ie e/ ME & n 4k RLWE ]
RBEALH nox n 48 LWE W@ 36 R g-ary #&3I8H LWE 2940 98 o i) sl ) &=
[ (CVP); &/ iEid Kannan AR ARG CVP FAb s m & nl @l (SVP). X &
G LT T7 5 9 K428 LWE AR fit 7 48— i BR B mll. 72 RORSLIlE ), 3RAT
LR T Z P& AT HOR: LLL 5k (N TR R 28 n®(log B)®)!, BKZ Bk (W A1 2 4%
O(n®? -poly(logn)))? LAREET GOK RFFHRNI 3-sieve Hik (I A5 % & 20-396N+o(N) I
N =20+ 1)%. SEIGZARRAE T (1)-(7) i RLWE sS4, sRIMKE T A3 FAS iR 2
T, Bk 17 A R

KW FITALEE TR 5 BT # S % CReal 2 NIST #aifEfb ) ML-KEM #1 ML-
DSA) [sEbrae Anm BEARAL T O TR, @i 5t RLWE RIEE &8, AL RAG8 T
WHEIE S8 205, T8 SR RSHOT, HNEEZ TR k. BMS
2., BAHE RLWE 1] 3R f7 A0 5 51 200 2 A M VPG J7 TS T SR PRk e, s S7. 11
FARHESE, KM TR AN SLI0 45 R, st 78 3 A0 LR sl e it 1 A A0 1 BV B Al A

10
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KT A

MR 1 fREER

1. @8 (2.1)

s=1[1,-2,0,0,1,0,-1,1,1,-1,1,2,1,1,-1,-1,0,1,0,-1,-1,0, 0, 2, 1, -1, 0, -1, 0,
2,0,1,1,-1,0,0,-1,2,-1,-1,0,-1,-1,2,1,-1, 1,-1, 2,1, 1,0, -1, 1, -1, 0, -2, 1, 0, 1,
-2, 0,0, 1]

s.norm=~8.54400374531753

e=(1,1,0,-1,1,0,-1,0,-1,-1,0, 1, -1, -1,-2, -2, -1,-1, 0, 0, -1, 1, 2, 2, -1, -1, 0,
o-1,-1,0,1,-1,-1,-2,-1,1,0,-1,0,0,-1,1,0, 1,-2,0, 1, 0, -1, -1, -1, 1, 1, -1, -1, 1, 1,
0,1,0,-1,0,-1)

e.norm=7.999999999999999

2. @8 (2.2)

s=1[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0, 0, 0,
0,0,-1,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0, 0, 0]

s.norm= 1.73205080756888

wt(s(x))=3

e=1[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,000,0,D0,0,0,0,0,0,
o,0,0,0,0,0,0,0,0,-1, 0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0, 0, 0, -1, 0]

enorm= 1.41421356237310

3. BE (2.3)

s=[1,00,1,01,02000,1,1,-1,1,0,1,-2,0,-1,0,0,-1,0,1, 1, -2, 0, 0,
2,1,1,1,-1,1,-1,0,1,1,0,1,0,1,0,1,0,2,0, 1, 1,-1, -1, -1, 1, -1, 1, -1, 0, 0, 0, 0,
-1,0,0,-1,-1,0,1,0,-1,0,2,1,-2,-2,-1,0,1,0,1,0,0,-1,0,0,0,0, 1, 0, 0, -1, -2, 0,
-2, -2, 0]

s.norm = 9.38083151964686

11
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e=[1,01001,-1,-1,0,0,0 -1,1,0,0,-1,1,0,0,-2,0,-1,-1, 1,-2, 0, 0, -1,
0,0,-1,0,2,-1,1,-2,0,0,1,-1,1,0,0,2,0, 1,-1,0, 1, -1, 1, 1, 1, -1, 0, -1, 0, 0, -1, -1,
0,-1,0,-1,-1,0,0,-1,0,0,0,-2,-2, 1,-1,-1,0,-2, 0, 0, -2, 0, 0, -1, 2, 0, 0, 0, 0, 0, 1, 2,
1,0, 1, 1]

e.norm = 9.27361849549571

4. @iH (2.4)

s=[0, 0,0, 0,-1, 1, 1, -1, -1, 0, O, -1, -1, -1, -2, 1, -1, -1, 1,-1, 1, 0, 1, -1, -1, 0, 1, -1,
-1,-2,1,0,0,0,0,-1,1,0,-2,0,-1,0,0, 1,0, 2,-1, 1,0, 0, 0, 2, -2, 2, -1, 0, 1, 0, 1, 2, O,
0,-2,-1,0,0,-1,0,-1,0,2,-2,0,0,-1,0,-1,2,-1,-1,-1, 1, 1, -1, 0, -1, 0, -1, -1, -1, 0, 1,
-1,0,0,-1,0,2,-1,0,0,0,-1,0,-2,1,0,0,0,-2,0,1, 1, 1, 1, 0, 0, -1, -1, 0, -2, 0, -2, 0,
0, 0, 0, 0]

s.norm=11.1803398874989

e=[0,-2,1,1,1,0,1,0,0,-1,-1,-1,0,0,0, 1,0, 0, 1, -2, 0, -2, 0, -1, 0, -1, -1, 0, 1,
-1,1,-1,-1,2,-1,0,0,1,1,2,0,2,-1,0,0,-1,0, 2,2, 1, 1, 0, -1, 1, -1, -1, -1, 0, -2, 0,
-1,-1,1,1,0,0,0, 1,0, 2,0, 2,0,-1,-1,-1, 1, -1, -1, -1, -1, 0, -1, 1, 0, 1, 2, O, -1, -2, 1,
0,0,0,1,-1,0,0,1,-1,0,0,1,-1,1,0,1,0,1, 1, 1, 0, 0, -1, 0, -1, -1, 1, 0, 0, 2, -2, -1,
-1, 1, -2, -1, -1] e.norm=11.4455231422596

5. ®H (2.5)

s=[1,-1,0,0,-1,1,-1,-1, 1,1, 2,-1,0,-1,-1,0,0,-2,-1, 1, 0,0, 2, 1, 2, 0, -2, 1, 0,
-2,0,-1,1,0,1,0,0,1,0,0,-1,0,0,0,-1,-1, 1, -1, -2, 0, -2, 1, -1, -2, -1, -1, 1, -1, 1, 0,
1,3,-1,1,-1,0,0,2,-1,1,2,1,2,2,2,-1,1,-2,-1,0,0,1,0, 1, 1, 1, 1, 0, -1, 1, 0, 0, -1,
-1,-2,0,1,-2,1,1,-1,1,-1,2,2,1,-2,3,0,0,-2, 1, 1,0, -2, 0, 0, 1, -2, -1, 1, -1, -1, -3,
-2, 1,0, -1]

s.norm=13.7477270848675

e=[0, 0, 0, 0,0, 0, 0,0,0,0,0,0,0,0, 1, 0, 0,0, 0,0, 0,0, 0,0, 0, 1, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,-1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, -1, 0,
0,-1,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,
0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, -1, 0, 0, 0, 0, 0]

e.norm=2.82842712474619

12
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6. ®H (2.6)"

s=[0, -1, -1, -1, -1, -1, 0, 0, -2, 0, 2, 0, 0, -1, -1, -1, 2, -2, 0, 0, 0, 0, 1, 1, 0, -1, -1, -2,
11,1,-1,0,-1,1,1,0,0,0,-2,0,-1,0, 0, 0, -2, -1,-2,0,-2, 1, 2,0,0, 1, 1, 0, 0, 1, 2, O,
1,1,1,0,1,2,0,-1,0,0,0,0,0,1,-2,-1,0,0, -1, -1, -1, 2, 1, -2, -1, -2, 0, 0, O, -2, -1, 1,
o1002¢01-11,-101,0-1,0,0,-2,1,-2,1,1,0,0,-2,0,0,-2,1, 1, -1, 1, 1, 2,
-1,0,-1,2,0,0,2,-1,-1,0,-2,1,1,1,-1,1,0,-1,1,0, 1, 0,0, 1, -1, 1, 2, 0, 0, 1, O, O, O,
-1,1,1,1,0,1,0,0,0, 1,0, 0,0, 2,0,0,0,0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,000,0,0,0,00,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,000,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,000,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0, 0,0, 0]

s.norm(): 13.7113092008021

e=[4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,00,0,0,0,0,00,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,00,0,0,0,00,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,00,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,

13
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0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0]
e.norm=4.00000000000000

7. @H (2.7)

s=[2,0,-1,0,-2,0,0,0,0,0, 1, -1,-1,-1, 1,0, 0,0, 0, 1, -1, 0, 0, 1, 0, 1, 0, 0, 0, 2,
1-1,0,0,-1,-1,0,0,0,1,0,0,-1,1, 1, 0,0, 1, 0, 0, 0, 1, -1, -1, 0, 0, O, O, -1, -1, 0, O, 1,
-1,0,-2,0,1,0,1,-1,1,0,-1, 1, 0, 0, 0, 0, 0, 0, 0,0, 1, 0, 1, 1, 0, 0, 0, O, 1, 0, O, 1, -1,
-1,-1,2,1,-1,0,-1,2,-1, 0, 2, 0,0, -1, 0, 0, 0, 0, 0, -1, 1, 1, 0, -1, 0, O, O, O, -1, O, -1, 1,
0,0,1,-1,0,1,0,-1,0,-1,1,-1,-1,0,1,1,-1,0,0,-1,-1, 1, 2,0, 0, 0, -1, 0, -2, 0, 1, -1,
1,-1,0,1,1,1,0,-1,0,-1,0,0, 0, 0, 0, 0,0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0, 0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0,0,0,0, 0,0,0,0, 0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0, 0,0,0,0, 0,0, 0,0, 0, 0,0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,0, 0,0, 0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0, 0,0,0,0, 0,0, 0,0, 0, 0,0, 0, 0,0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0,0, 0,0, 0, 0,0, 0, 0,0, 0,0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
0, 0, 0, 0]

s.norm=10.5830052442584

e=[4,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,0,0,0,0,0,0,0, 0, 0,0, 0,0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0, 0,0,0, 0, 0,0, 0,0, 0, 0,0, 0,
0,0,0,0,0,0,0,0, 0,0, 0,0,0,0,0, 0,0, 0, 0,0,0,0,0, 0, 0,0, 0, 0,0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,0, 0,0, 0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,0, 0,0, 0, 0,0, 0,0, 0,0, 0, 0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,

14



Fm (2025 4 A RS HEA PR IES TR S

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,0, 0, 0, 0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0, 0,0, 0, 0,0, 0, 0, 0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,0, 0, 0, 0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0, 0]
e.norm=4.00000000000000

E: x7 DY TA) S A BRI SRR BL

Fisk 11

1. X85

1  #sage

3.0q =

1A =#aXWETMAETMEHK
B =#t(x)WZHAEREHK

T # KA R AERT K

s poly_mul_mat = Matrix(ZZ,n,n)

o for i in range(n):

10 for j in range(i+1):

11 poly_mul_mat[j,i] = A[i-j]

12 for j in range(n-i-1):

13 poly_mul _mat [j+i+1,i] = A[-(j+1)I*(-1)

# K RLWE |4 & #L 27 4 SVP |4 &
I = identity_matrix(n)
B mat = Matrix(ZZ,B)
15 0 = diagonal_matrix ([0]*n)
0_vec = Matrix(ZZ,1,n)
0_vec_T = Matrix(ZZ,n,1)
L = block_matrix(ZZ,[[p*I,0,0],[poly_mul_mat,I,0_vec_T],[B_mat,0_vec,1]]) #

kannan embedding
25 # 5 E 4, LLL 5 BKZ

24 # L_LLL = LLL()
25 ' L_LLL = L.BKZ(Q)
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o7 | # 7 Bls(x) e (x) W & T2 %

28 ' 8 =

29 e =

res[n,2n]

res[0,n]

2. BREESH

1) LLL(default)
2)(3) BKZ(block_size=20)

(1)
(2)
(4)(5) BKZ(algorithm="NTL’ fp="qd’,prune = 10,block_ size=20)
(6)(7) LLL(algorithm="NTL:LLL’ fp="qp’,transformation = true)
E: BT SRR, R BE = bleok size HEATSRAME, 54 M BE m Y

block size, 7] DL 42 midg 20 i =
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