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Abstract: In the QI model, this paper proposes a low-data quantum key-recovery attack against Lai-Massey structures, Misty structures,
Type-1 generalized Feistel structures, SMS4-like generalized Feistel structures and MARS-like generalized Feistel structures. This attack
only needs to select constant-sized plain-ciphertexts, analyze the encryption process of block cipher structures, and recover the key by
searching and calculating some intermediate states and round keys using Grover’s algorithm. This attack belongs to the Q1 model, which

is more practical than the Q2 model since no quantum superposition query is required. For the 3-round Lai-Massey structure, compared
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with other quantum attacks, this attack requires only O(1) data and belongs to the Q1 model, and is even reduced by the n2"/* factor on
the evaluation of the complexity product (timexdataxclassical memoryxquantum bits). For the 6-round Misty structure, this attack still
retains the advantage of low data complexity, and especially for the 6-round Misty L/R-FK structure, this attack is reduced by the 2"/
factor on the evaluation of the complexity product. For the 9-round 3-branch Type-1 generalized Feistel structure, in line with other
quantum attacks on the evaluation of the complexity product, this attack still retains the advantage of low data complexity and belongs to
the chosen plaintext attack. In addition, a low-data quantum key-recovery attack for SMS4-like generalized Feistel structures and MARS-
like generalized Feistel structures are also given in this study, complementing their security evaluation in the Q1 model.

Key words: Lai-Massey structure; Misty structure; Type-1 generalized Feistel structure; SMS4-like generalized Feistel structure; MARS-like

generalized Feistel structure; key-recovery attack
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@ For([£f1([0,0]1® k) ® F1£([0,0]© k), a0 @ F1,.([0,0] © k)| D k,),
K(P)®YUP)) =a; ® Fiz([0,0] @ k) ® Far ([£1.([0,0] @ k) ® F1£([0,0]® k), & F,,.([0,0] @ k)| ®k,)
@ For([F1.([0,0]@k) @ Fir([0,0]®k)),a, ® F,,.([0,0] @k )] @ k),
TR 4 PR A 5
X2(Py)®Y(Po) ® X3P ®YUP)) =g ® a; ® F ([F([0,0]1 8 k) & F1([0,0]® k), 2 ® F1.([0,0] & k) )] @ ks)
® For([F11([0,0] @ k) ® Fix([0,0] @ ky), g ® F1.([0,0] @ k1 )] @ k)
® F.([F1.([0,0]1 @ k) ® Fir([0,0] @ky), a; & F1.([0,0] @ k;)] @ k2)
® For([F1.([0,0] @ k) ® Fix([0,0] @ky),c; & F1.([0,0] @ k; )] @ k2) ®)



R R Sy

(2) fBi:
Bo = [F1.([0,0] @ k) ® F1x([0,0]®ky), a0 ® F1,([0,0] ®k,)| & ks,
Bi = [F1.([0,0]1®k)) ® Fx([0,0]®k,),a, ® F\,([0,0] ®k,)] ® k.
MR (2) 7T 18] 5 Rk
X(Po) ®Y3(Po) ® x3(P1) ©)3(P1) = g ® ) © Far(Bo) ® Fo(Bo) ® Far(B1) ® Fox(B1) 3)
Hpyop =10,00@a1]. W By = x, xe{0,1})" , ARIFAN (3) MG BREL:
Gx)=ay@a,DF; (X)®Fyr(X)®F5;(x®[0,00 @ ])® Far(x®[0,a0® ;]) “)

HT R F, 27T 25, B BRI XP) @y)(P) @ x3(P)@YP) M ap + o 18, W8T Grover VLR x
13 G(x) = XY(Po) @)(Py) @ x3(P) @y3(P)) , HIl B, fH.
(3) HLHEWI L P, = [0,00l[ero, 1] FI Py = [, 01I[[0, @1, BEEA TR RIS, HHPER (1) —H#E, Kl DUFA:
xg(Pz)EByg(Pz) =a® Fip([ag, ] ®k)® For([ag® F ([, a1 1D k) Fir([ag, a1 1D k), a1 ® Fi([ag, | ® k)] D k,)
@ F([ay® Fi([ag, @ ]10k)® Fir([ap, @ 10 k), a1 @ F . ([ag, a1 1@ k)] D k),
xg(P3)€By(3)(P3) =y ® Fir([ap, a1 10k)® Fo ([ fir([ao, a1 1@ k) ® Fir([ag, 1 1@ k), a0 @ a1 @ Fi ([, a1 1O k)] D ky)
® For([fir(lao, a1 10 k) @ Fir([ag, ] © k), o @) & Fy([ap, @] @ k)] D k),
T3 B IS 21
xg(Pz)QByg(Pz)EBxg(P3)€By§(P3) =F; ([ag® Fi.([ag,a ]| ®k)® Fir([ag,a) | ® k), & F ([ag, ;1D k)] & k)
& For([ao® Fi([ap, 1] @ k) @ Fir([ao, a1 19 k), & F 1 ([ag, a1 1@ k)| D ky)
& Fy ([Fi([avo, a1 1@ k1)@ Fir([ao, a1 1@ k), 0@, & F i ([ag, a1 ] ® k)] @ k)
& For([F .([ap, 1@k ® F ([, a 18 k), g @, & F ([, 10 k)] Dky)  (5)
(4) FIFEBE:
B =l ® fillay, a1 10k @ fir([o, 1] @ k1), @1 @ firl[ao, 1 ] ® k)] @ ks,
Bs = [firllao, 110 k) @ fir([@, a1 ]1© k), ap @, @ fi([ag, @] © k)] Dk,.
222 (5) AT AT 5 A
X3(Py) ®Y3(P2) ® x3(P3) B Y3(P3) = Far(B2) ® Far(B2) ® Far.(83) @ Far(Bs) 6)
H B0, = [ay,a0] . IR B, =2 x, xe{0,1)", I AK (6) Hi& &%
G'(x) = Far(x) @ Fop(x) @ Far (x® [, 9]) © For(x® [y, @ ]) N
HF R F, AT, HOR X(P,)@yU(P,) @ xY(P3)@y)(Ps) Flay « oy 18, MAE Grover HVEI % x fi
735G (x) = X)(P,) @)3(Py) @ x)(P3) ©)3(P5) , Bl B, 1.
(5) 152 g, M B, )5, B 15:
Bo®Ba = [ay® F([ao, 1@ k) ® Fir([ao, 110 k) ® Fi.(k) ® Fir(k)), @) ® Fi([ao, a1 ]© k) @ ay® Fi.(k)].
Lk = x, MG R

H(x) = [a® Fi.([ao, @110 X) ® Fir([ap, 1] ® x) ® F1.(X) ® Fir(x), a1 @ F ([, a1 ] © x) © g ® Fi.(x)] ()

BT ERATREF,, BodB,, ao M a, 1H, WL Grover EyLIE R x 2 H(x) = 8,88, , BNk, 1.
(6) 345 k, {H, I g, Kih by, G THEH ks .

ST, B LR R B Bl R AT A, R BRI S AR, AR R B AN TR 4 AN
{(Po, Py, Py, P} Mo Hxd B2 SO Al R E 2540, HF HAESE () @) (5) BRI Grover HkA8 R @I i 35 15} 18] 73
B O22) , BT LA B TR & 24 5 8 O(27/2) . Ak, B & 24 SN O(1) , 4 SLA7 i 24 % Al 20 Nt

5 Xf Misty AR Z AR E W E

AR Lai-Massey 4544 18 1L 8 785 B W 52 Moty R AR TR R T DA 82 21 Misty 2544 L.
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5.1 ¥t Misty L-KF #8925 40 ik & Bid

TEATTH, AT EZLLL Misty L-KF 5/ 02t B bs. Wil 8 Aivn i 4 & Misty L-KF 4544, K Fi(x, ok)
(i=1,2,3,4) NEEREL k NEHH Kl =n/2(i=1,2,3,4), (xo,y0) N 4 & Misty L-KF 5HIHI B ST H. |(x0, yo)| =
n, (X4,Ys) 1E RN

Yo

Vs

Xy

K8 4% Misty L-KF 544

FRYE Misty L-KF 254 Fm e i 72, AT LS BI85 5T (e, v4) HIEN:
X =@ F1(x®k)®F2(00 k) ® F3(yo® F1(xo®k,) ®ks),

Vs = Yo ® Fi(% @ k) ® F2 (3, @ k) ® F3(yo ® F1 (X ® k) ©k3) © F4(yo & F1 (X © k) © Fa(yo @ ko) B k),
B S B0y X SR v, BRI 45
X ®Ys = FuQ00® F (X0 ® k)@ Fr(y,® k) ®ky) )
MR A (9) AT
G(x,y) = F,(y® F\(x®k) ® F,(y® ky) & ky) (10)
Horp, A5 & x Ay 2 5% BB S x My 5 x,y € (0,12 H.G(x,y) € {0,172 . 762430 (10) H3ERE_E, FRATAT LUK 23T
1) 4 % Misty L-KF 528K R Bt BRI RE I R,
(1) BB (e, yb) AT (d,y2) , FEAE DT R 3% 5. AR A3 (9) (10) AT 15
G(xh, vy = FOl @ Fi(xl @k) @ F,(0l @ k) @ k), G(x),32) = FA02 @ F (x} 0 k) & F,(02 @ ky) @ ky).
W B =y oF (xlok)oF0\0k) 0k, B =YoF (xlek)oF,0lek)ok, MG,y ="F.@) HGxX,?) =
Fy,). BT CRAFHREF,, G,y FG(x),y2) 15, FIFH Grover HiLka[# R H g, 1 g, (.
(2) B Fg, REET1E B, 08, =y @y @ F,(0)0k)® F,(2 & k) . HT CAIAIFRELF, , B0p,, v\ Fly2 H, K
SRTTFI A Grover HiE R B EHEL, .
Q) X FR TR EH by, ky B ks, ITKIKIET Grover FLILHR HIK.
SR FE S AT, I R BRI S Mt I R AT, FRAT T BG4 NS, B2 Grover 4 R I F Y
024y, TSI ) 5 2 FEAR SR 0274y . FAHR S A4 FEANCA O(1) , R MLAEAifi 52 2% B V] A BE ANt
WRY & r— 4 $EN R r 6 Misty L-KF 8544, MR 95 %8 ks —k, , S FM A ks —k, , B L 3 B,
FAFRNI TR 0% &y — k, ASRE B 2 SCIE T IR 25, W AT A A0 %80 &, — k, THELIETA. AN B9 IR S I A2 B 1)
STHRPER Qra+r-dni2y AR AT R BE FIREUN O(1), BLE8 A7t 52 J4 ] ZBBE ANt
5.2 xf Misty L-FK £ Z A1 S BH
FEAAT, AT S tHEERT 5 % Misty L-FK 2580 (1181 9 FiroR) B3840 52 et 72

Xs

K9 5% Misty L-FK £5#)



10 R Sk AT S A

HRAE Misty L-FK £ R/, nTAG 2135 (xs, ys) BMEN:
X5 = Yo @ F1(xX0) @1 ® F2(30) ® k2 @ F3(yo © F (x0) @ k1) @ k3 @ F4(3o & F' (x0) @ ky  Fa() @ kr) @ ks,
¥s = X5 F5(y0 ® F1(x0) @ k1 © F2(y0) © k2  F3(yo ® F1 (%) © k1) @ k3) D ks.
TSI 2253 x5 AT E R s BRI A5

Xs@ys = Fs(o® F(x0) @k ® F>(30) ®ka @ F3(yo ® F1(x0) © k1) ©k3) D ks (11)
WA (11) 7T R H:
Gx,y)=Fs(yoF (x)®ki®F,(y) @k ® F3(y® F 1 (x)® k) Dks) Dks (12)

o, AR x Ay 23 BISE REBHSC xo Ay, x,y € {0,112 H.G(x,y) € {0,172 . ZE A (12) MFERE_E, FRATAT LA 23
) 5 % Misty L-FK &5 838 5 Moy, BRI 2.

(D) BB (L, yh = Fi(x), (02,32 = Fi(x2)), FHFEWHE S AR A (1) (12) 20 BT HHE, FHx

(R TIECS
G(x},y0) ®G(x3,y5) = Fs(ky ® F2(yy) © ky ® F3(k)) ®ks) @ Fs(ky ® Fo(v3) @k, @ F(ky) ©ks).

Q)L =k @F,0)) 0k @ Fy(k)®ks , By =k @ F,00) 0k ® Fs(k)®ks, W g, @8, = F,0)®F,(2), G(x),y)) @G
(2,32 = Fs(B)® Fs(B, ® F,(O)® F,(32)) . H T CRIAFF B Fs FF, , GGy ®G(:2,y2) 8, y) Fy2 {H, wiiid
Grover FyERH 8, 1H.

(3) ¥ g, EAAK (12), A5 H ks .

@) FETHE M ks J5, iR ER (1)-3) BT ERIKE M % by, ks, ko F K, .

SARFES . AEXT 5 %8 Misty L-FK S5 M8 PR Betd f b, AN R £ 2 DME 0, HAERRKIRE
B ks —ky IR TR 2% 2 3 A 024y . 28 b, AR BT SIS [ 52 4 FE D 024y, Bl S48 o(1) B
2 WA A P v RS AN

HAE 5 B Misty L-FK S5 M I BEAl F PR30 r— 5 %8, WIRT 2655 2550 800 ke — &, , HE R DL FPIRIRE HoAb 8%
BH, 91 B85 SCIMAT IR IE R P U BRI B) 52 24 B Dl Q24092 | R B A ISR O(1) B2 A7tk R 24
A 2 WA
5.3 ¥t Misty R-KF Z#80 32501 8 s

40l 10 F7si] 4 & Misty R-KF £544, b (i = 1,2,3,4) AR k NECEYIH ki =n/2(i=1,2,3,4), (xo,y)
9 4 % Misty R-KF G580 (19 SCHIN HL (o, y0)l = 1y (xa,pa) TENEE ST

Yo N - Va
4

X4

K] 10 4 % Misty R-KF £514)

HR4E Misty R-KF S5 RO INZE LR, 3B (x4, ys) , L5 x, A 35 v, F UG AT 43
X, ®Yys = F3(F1(xg®k))® Fy(Fi(xo® k) DY ®ky) Dks3) (13)
HAR (13) /3% 53
G(x,y) = F3s(Fi(x®k)® F,(F (x®k)®ydk,)Dks) 14)
o, A58 x Fy 2 BN R xo A yo , x,y € {0,112 H G(x,y) € {0,1)"* . KIE AR (14), BATIRH LU REX 4 48 Misty
R-KF S5 115 IS I 72,
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(1) EEEASC (xl,y)), (x,y2), FEEH L R 250, MRAE A0 (13). (14) 5 H:
G(x5,Y0) = F3(F1(x ® k1) ® Fa(F1 (x; ®k)) © yy ® ko) © k3),
G(x),y2) = F5(F\(x, @ k) ® F,(F, (x, k) @Y. @ ky) @ ks).
(2) W B = Fi(x)@k) @ Fy(F (x\@k) @y, @k)®ks , B = Fi(x)®k) @ Fy(F\(x\@k) @Y ®k)®ks , WG(x),y) =
F3(81) » G(x},y2) = F5(B,) , FIH Grover 53k g, A1, 1E.
(3) ¥ B, F B, REJGEF R B @B, = FAF | (x\®k) @y, 0k)® F,(F (xi@k) @yl ek), W = Fi(x,ek)ey ok, ,
6= Fi(x\@k) @y @k, , N6, @6, =y @y2 . A FIH Grover iR B, @B, = F1(6,) @ Fo(5, @y, @y2) T ARAES, .
(4) WIS (a2, 30) » (2,y3) . FFE OO IR 3, 15
G(x5,Y0) = F3(F1(x; ®k1) @ Fa(F) (x; ® k1) @y, ® ko) © k3),
G(2,)2) = F5(F1 (2 @k) @ Fo(F (5 @ k) @y, @ ky) © k3).
(5) W Bs = Fi(2@k) @ Fy(F (X2 0k) @y, k) @k , By = Fi(E@k)F(F (Xak)®y®k)®k , MGG32,y) =
F3(B5) » G(x3.32) = F5(B4) , MM Grover 5K Hi g M, {H.
(6) ¥ s F1 B, FEUG TR Bs08, = Fo(F 1 (X2 0k) @Y, @k) @ Fo(F i (X2 @k @Y. k) , 85 = F (XX ®k) @y @k, ,
6= Fi(X2ok) @y @k, , M o,06, = yy@y2 . FIHFIH] Grover FiFK B @B, = F2(63)® F2(0: @y, @y2) T ARKFIE 65 .
(7) #1321 6, Al 6, RBUGTI1H 6, @6, = Fi(x)@k) @ F,(x ®k,) . TR Grover HE R H A iR A& £, .
®) IE T H K, Ja, "TKICRHBREH K, ks Mk, .
SR PE M. 7E0 4 % Misty R-KF Z5 0 ) B IR E Bh il v, JAMN R IE#E 4 No% SO, BAEB T (2).
(3)~ (5)—~(8) HHIH Grover HiEIM R R, F—AREE Py 202, Br AR — 0 I F] 52 2% FE #9393 9
Oy . 45 &, B AR Bk 1) B PRI T 2 2 B O(24) , B 2 B 0(1) B4 A7k &2 24 i m] 2B ANt
FAE 4 %6 Misty R-KF 2544 L RN r— 4 %6, WA 55 2850 B 8 ks — &, , R E R UL PP IRIRE A AR %4, H
I BR B S B6VIE A 14 )RR A B ) S 6 g O+ iy | AR 5T A% BE AR SRAN O O (1) HL& YA ik 53 2% 55 ] 22
it
5.4 ¥t Misty R-FK £ 2401 8 o
WK 11 iRk 5 % Misty R-FK Z54), Horb F(i=1,2,3,4,5) NEERE, K NBRFHH K =n/2(i=1,2,3,4),
(%0, 0) 79 5 %& Misty R-FK &5 44 1) B ST B (0, 30)l = 11, (xs,y5) TENEE SCHTH.

ky k ks k, ks
y A i N, Y AL, W Ja N2 A
o N, P N, NV N

B 11 5% Misty R-FK £5#y
HRHE Misty R-KF Z5 RN R, 15 25 5 (xs,y5) , IR 28R 20 xs MU B0y ys S78UR AT 45

Xs®ys = Fy(x;) ®ks (15)
XA B 538 5 ys ik R Fy AT LRAR
X = F3'(ys) = ys @ F4(3) D ky (16)
BAK 5. (16) TG
FJ'(35)® x5 ®ys = y; ©ks Dk, (17)

Hrt, yy = F3(F (x0) ® Fo(F (x0) ®y, k) @ky) . AT BEREL:
G(x,y) = F3(F\(x)® F,(F,(x) ®y® k) ® ky) @k, D ks (18)



12 BB AR R B B )

Hodr, A58 x Fly 2 BB xo Al yo , x,y € {0,112 H G(x,y) € {0, 1) . KIE AR (18), BATIRH LU FEX 5 4 Misty
R-FK 45 M1 g I I 72,
(1) EEEIISE (xd, v} = Fy(xl)) Bl (02,32 = Fy(x2)) , B R 3550, AR5 A 30 (15)-(18), AT SR 15
G(x),y) = F3(F1(x3) ® Fo(Fi(x}) ®y, © k) @ k) © ks D ks,
G(x2,y2) = F3(F\(x2)® Fo(F (32) @2 k) @ o) D ky Dks.
(2) B G(xl,yh) T G(x2,y2) B El 5 15
G(xp,y0) @G (x5, ¥3) = F3(F\(x0) ® Fa(ky) © k) & F3(F (x5) @ Fa(k)) @ ks).

(3) BB = Fi(x)® Fy(k)®ky , B, = F(x3) @ Fa(k)) @k, , B, ®p, = Fi(x) @ F1(x3) ,G(xg,y0) ©G(x5,8) = F3(B1)
SF: (B ®F (x)®F (x2). BT CHAHERE F MF,, Gx,yh), G2,y , x) M2 A, W HIH Grover Hik#¥ % H
RINEB, .

(4) EFERASC (3D (33 # Fi(x))), AW R 250 ARE A (15)-(18), W iHH RS-

G(x5.y0) = F3(F1(x0) ® Fy(F\(x)) @y, © k1) © ky) @ ks D ks.
(5) 4 G(xl,yh) T G(x},y3) S BUG AT 43
G(xé,yé)@G(xé,yS) = F3(,81)63F3(F1(x(1))®Fz(Fl(xé)GByé@kl)@kz).
[FIREHE, 7T Grover HVEAH R M ARFIE Fi(x))@ F.(F\(x) @y, @k) @k, fH.

(6) B 8, FF\(x))® Fo(F (x)) @y, @ k) ®ky, FEUG W 1T Fy(k) @ Fo(F i (x) @y, @ k) , IR P Grover HiEH &R
HARKE .

(N HEH k&, "THRKIT R RS ky — ks .

RRE T, EXT 5 5 Misty R-FK 25140 (0B 80 W 2 Boah i A e, AT 75 i 8% 3 AN %5 SO BT & %5 4,
BAELIE (3). (5)- (6) FHIA Grover HEM BRI E, G— N RENIE Wy 2072, iy LG — 5 IR I 8] 52 2% 55 #0
SFHI 0y . g8 b, IR Bk 00 B A A 53 34 FE D 024y, U8R 5244 FE 8 O(1) B2 A7 it 52 2% J55 v 720 %
At

HAE 5 % Misty R-FK 2546 E I r—5 %6, MW e 55 2850 540 ks — &, , BEE UL EPIRIRE HAMA %4, IF
FH BH B SCE AT B0 AR . DA B A) 55 4% FE DR O2ri++e—9m2y iR 53 A% FEMRAR AR O(1) .48 LA it 52 2% 5 ] 22
AT

6 XJ Type-1 &I~ X Feistel 51909 % A E W

Wi 12 iR 3d -3 5 Type-1 B 3 Feistel-FK 4544, A n bk, KGN L5 EHL (i=
1,2,...,3d = 3) FHAFKEEN n/d, FONRCREL X 0 ERR iF0R58 i(i=0,1,...,3d = 3) %, M jRRH j(j=0,1,...,
d—1) M3 WISC (10,20, X0 ) TE RIS, &0 3d - 350N R 13 BB L (43, 002, x40

FR4E Type-1 BYJ X Feistel-FK 25 #0413 72, AT 4% SCh 1 343 fl o 384, T HFE X = it =
X ==X PR,

K473 = 2 = oy () @ X, @y, X397 = Fag i (Faya (25D @ X, @ kogy) x4, @y (19)

AT x4 TP RREL Fopy N IELF S 343 A, WIPTRI AT BREL Foy W E Foy (5, 905 X300 REUS
CIEES

Fr (x‘?"’3 ) EB)CS‘I’3 = xj_l Dk (20)

BT X =i =xi2 = =xi!

Fo (e = x ok, 1)

BT X = Fy (Fya(. . Fi(0) @ X0 @k, ..) @ x5, k)@ x)_, @k, , T
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FZd—] (X::d73) ®x2d73 = Fd*l (Fd—Z(- .. F] (xg)éBx? @k] .. .)@XS_Z EBkd,z)éBxg_l EBkd,l €Bk2d,1 (22)

x{ x| x;

7‘— kl

Xg2 Xg

d—4 rounds

d—4 rounds

d—2 rounds

x3 e

3d-3 3d-3 3d-3 3d-3
1 Xa-3 Xa-2 Xa-1

Kl 12 3d-3% Type-1 B X Feistel-FK Z5#
ATARAE -~ 3K (22) BERR
G(P)=F, \(Fiu(.. F, Dok .. )0x5 0k )0x) &k, &ky (23)

Horb P= (i, x),. x5 x,0x) ), Pef0, 1) HG(P) e (0,17 A A 3 (19)+(23), BATHR LT X 30 -3 4
Type-1 B4J~ X Feistel-FK 44 ¥ i) % 5K 2 L 2

(1) BB P = (9,20, ., x5, x0 5, 60 ) AP = (a0, X9, ., x, (X5L,), X9 (X0, # (x0_,) ), B RG24 25 5.
MR A (19)-(23) AR

GP)®G(P) =F 1 (Fas (... F D@ X @k, .. )®X, k)
DF, (Fy(...F, (xg) ) x? Sk ...)® (xg_z)’ DS ky).

(2) WP = Fual.. FOD @@k, .. ) DX, @k, fo=Fur(.. DO Dk,..) 0 (X)) @k, , M B @B, =5,
S(X,) , GPYBG(P) = Fy(B)®Fu (8 ®X0, ®(x%,)) , "I FIF Grover HikKH g, 4.

() IEFEHSL P = (a0, X0, .., ()", X9, 20 ) AP = (0,20, . (L)%, (X9, ), x5, o AV L% B2 1) 4 3. AR AR 2
X (19)-(23) AR5

GPYOGP) = Fy\(Fya(Fys(... F, (D)@ @k, ..)® (X ) ®kys) DX, Dkys)
OF (Fyo(Fya(o.. FLGD @@k, ..)® (X)) @kys) D (X)) ®kyn).

B BBy = Fua(Fus(.. . FIOD @ @k .. ) (X)) @kys) X, ®kyn, By =Fuo(Fus(... F D@Dk, ...) & (X5,
kg 3)® (X)) ®kyn , W B @By =, (I, , GPIOGP) = Fu (Bs)®F (B ® X, ®(xX5,)) , AIFH Grover H
%R H B 1.
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(5) BB, Al gy {H, 85 W45
B1®B; =Fd_2(Fd_3(...Fl(xg)éBx?@kl ...)GBngﬁBk,,_g)
OF 1 2(Fus(.. FLG) @ X @k, ...) & (X)) ®kys).

(6) W6, = Fus(... F (D@ @k, ..)®x)  @kys » 6= Fus(... Fi (D@D, ..) 0 (X)) @kss, M @6, =9,
B(S,), Bi1®fs = Fus(0)®F, (0, @x5, (x5 ,)") , AT M H Grover Hik i 6, 14.

(7) RIS, B M XS, M, LR EH kL, =8 0F,06)0x5,.
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