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Abstract

Fully Homomorphic Encryption (FHE), referred to as the "Holy Grail” of cryptog-
raphy, is an encryption scheme that allows arbitrary computations to be performed
on encrypted data. Here, arbitrary computations can be expressed as combinations
of basic operations such as AND, OR, and NOT, which in turn can be represented
using addition and multiplication. Since FHE allows addition and multiplication on
encrypted data, it enables the computation of arbitrary operations.

This property makes it promising for applications in privacy-preserving computing,
such as performing machine learning on encrypted data or executing computations in
outsourced computing protocols while keeping the client’ s data encrypted.

However, repeated homomorphic operations cause noise to accumulate in the ci-
phertext, leading to decryption failure. Therefore, FHE requires an operation called
Bootstrapping to reduce noise. In conventional schemes, Bootstrapping could not be
performed within a practical time frame, making it the biggest challenge in achieving
practical FHE. Since Gentry first realized FHE in 2009, various schemes have been
proposed and improved, but practical implementation has yet to be achieved.

Recently, a type of FHE called Torus Fully Homomorphic Encryption (TFHE),
proposed by Chillotti et al., has achieved fast execution of 1-bit Gate Bootstrapping
in approximately 10 milliseconds. Furthermore, an extension of Bootstrapping in
TFHE, known as Functional Bootstrapping, exists. Functional Bootstrapping not
only reduces noise but also enables the evaluation of arbitrary functions using a Look-
Up Table. As a result, it is more efficient to evaluate nonlinear functions directly using
Functional Bootstrapping to process a Look-Up Table rather than approximating
them by combining basic operations through Gate Bootstrapping.

However, in TFHE’s Functional Bootstrapping, the domain of the function must be
restricted to evaluate an arbitrary function. Full Domain Functional Bootstrapping
(FDFB) is an approach that eliminates this limitation, allowing the function’ s domain
to cover the entire plaintext space of the ciphertext. Existing FDFB methods required
at least two Blind Rotations, two Sample Extractions, and two Key Switchings. In
this study, we propose a method that achieves FDFB using only two Blind Rotations

and two simple Sample Extractions.
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SERYMERTUNE S (Fully Homomorphic Encryption) &7 — 2 ZIES{L L7z £ $EED
HEZHETX2HEETHS. I ZTHEEDOHEIIEAHE AND,ORNOT OfAED
BFCRHTE, ZOEAHBIIMAE L FEOMHAGDOETRETES. FHERZ T —%%

ERL LS EME L REANTE S/, TEOHEERZHETE 3.

U LHERAEE 2 DR LTS 28T, BEXII /A ABERLES KN TS, Z
D 7= FHE & Bootstrapping[Gen09] &IN5 /) 4 XB/NS L F58IE2HNE LT
%. 1ERDITATIE Bootstrapping (3BFERZRHTITS 2 e TET, EMALOAR ML
T ZI1ZI o TWiz. 2009 2 Gentry IZFIHT FHE BWEHRH L THLL INETICIEX
FRFADERINBBEIERSNTVED, WELEMAIZIZE > TV,

JE4E, Chillotti FiIC X DIER XN FHE O —FTH 3 b — 5 A B UER RIS S
(TFHE) [CGGI20] X 1bit @ Gate Bootstrapping % 10ms fEETEITTZ 5. ZL
T, TFHE ® Bootstrapping 1Z& Functional Bootstrapping & \» 9 LR DIFE S 5.
Functional Bootstrapping 1& / 4 X Z/NX < F % L FAFICEREOBEE Z7HiiC© = 5.
Zhuc &, JERREEEE: ¥ X Gate Bootstrapping A G OETHEMT 2 XD D
Functional Bootstrapping TIEZFHII$ 2 /703813 MNT% 5.

L7 L TFHE ® Functional Bootstrapping TIEE DB E FHi 3 % 7z 912i%, BED
ERBZHIRT 208 D 5. ZORIRZMRE L7z, S XD EM Rz ERBRLE §
% & 9 73 Functional Bootstrapping 2% Full Domain Functional Bootstrapping(FDFB)
TH5. ZNFEFTR/RREINTW/ FDFB 13442 < &3 2 [\ Blind Rotation, 2 [AD
Sample Extraction, 2 [Fl® Key Switching Z /42 ¥ LT\, ARIFFETIX 2 [A1O Blind
Rotation ¥ 2 [A D7 Sample Extraction DA T FDFB 2B 3 2 FNERET 5.
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{LLI:+O.5J forz >0
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[t —0.5] forxz <0
Ip(X)]  EEFRBZIEN p(X) Oz &b iR
2 U T B U B A
v & D HEEDPLrE—RT YR A
T x  x REEEC Y R9H N(0,0?) iZhE o Tl

— =111}
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T Eb—52, T=R/Z

Ty[X] #EbF—52ZHEK, Ty[X]=TX]/(XN+1)

T, HEB b —F R, T, = LZ/qZ

Ty [X] B —F52RZHEK, Ty [X] =T, [X]/ (XN +1)
v/ BROES

Z, Z, = 7]pZ

R FEBOES

Zn[X]  Zy[X]=7Z[X]/(XN +1)

B B = {0,1}

By[X]  Bn[X]=B[X]/(XN +1)
22 TFHE X&*—L

AHITIE TFHE ORISR ERIGS & Z OWEICOWTHHAT 5. [Joy22, Kle23] %
SEIT LT,

221 bF—3X

T=R/ZTHYH, Viy,to € TIIXL Tty +1ts mod 1l e THMHIID. MMECHLT
AR CH 5.



TFHE X ¥ —2THWBHiRtEN/ b —FRidqeZ LT

1
T, = -Z/qZ C T
q

1 1
:{0,—,...,q—}
q q

THD. Vi, te € T, LTt +t modl e T, 25D H, MEEICE L CRI#EET
b5, Fi, pe LD plqg kWlzTHoIX

T, C T,

N RIRVASR

222 +~—35XZIALR

BB =T ADTLTH 3 X5 BRZEROEETHS. ¢ Z, Zy[X] =Z[X]/(XN +
1), Ry[X]=R[X]/(XN +1) &L

Tn[X] = Rn[X]/Zn[X] = T[X]/ (XN +1)

TFHE Z % — 2 THW3BEEb X iz b — 5 RZIERZ, Zy [X] = Z,[X] /(XN + 1),
Ry [X] =R, [X]/(XN +1) 2 LT

TN q[X] = Ry o[X]/Zn o[X] = To[X]/ (XY +1)
7, pEZL D plg ZMilTROIX
TN,p[X] € TN,q[X]

i AIRVASS

223 TLWE
BERY P —F A T, L ZDHDHEZ T, £ 35. x & Z, LOBEBH Y A3 5 5.
WEERE Vie [1,n] IIHL,

° CLi(iTq
. SliB

e £ X

L, MEHSs = (s1,...,8,) £ T 5.



WSt ~RI7XxZ  rva=(ay,...,a,) £T%. Xvt—=YmeZ, p|lqeLTF
YMZ%ETPZ?%. ezgkj‘%. b= (a,s)+pu+etl

c = (a,b) = TLWEs(u) € T) ™
EHEEX e LTHRT 3.

BES sZHWTbL=(as)+u+tedrd

n—1
u* =b— E a; - S;
=0

REIET 3. 2L T

lpp*] mod p
p

H:

X LTHIT 5.
7, p &P ¥ 3 TLWE BEX TLIWE (1) E/hS Wk € Z s LT

TLWE(p11) + TLWEq(p12) = TLWEq (111 + p12)
k- TLWEq(p0) = TLWE4(k - 1)

N R RVASR

224 TGLWE

BERC R — 5 RS TR Ty o [X] & 2 OWHBEE Ty, [X] 55, ZH X 13 XV = 1
mod XN + 1 Zifi7= 3. x 13 Zy o[X] LOMEBI Y 201§ 5.

WEER Vic[l,n] IR,

o 0 & Ty qlX]
e 5; ﬁ BN[X]

R e ¢

& L, *’K%\ﬁ%ﬁz (517---75k) &35,



WEES{E AT M (ay,...,0,) 853 Xvk—YmelZyyX], p|lg e LTF
(X)) =2me Ty, [X] ¥ 5. e=SeF5. b= a;-5+puX)+etl

¢ =(ap,...,ax,b) = TGLWE,(u(X)) € Ty 4[X]F
ZRESXE LTS5,

BES s2HAVTb=2" a5+ uX)+end

k
,U*(X) = b—Zai 55
=1

RETET 5. 2L T

¥ LTHIT 3.
7, u(X) ¥ ¥ % TGLWE BEX TGLWE, (1(X)) L/hNE Wk € Zy[X] 1K
LT

TGI—WEs(Ul X)) + TGLWEs(MZ(X))
= TGLWE (1 (X) + p2(X))

£ TGLWE(u(X))

= TGLWE(t - u(X))

~~ o~
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ThHs. ZZTEZHERN DI BEREMZ
b= |B' o]

l
= ZujBl_j (mod B')
j=1

ELT, 0 IiCRT 2Ty bRT FALOMER g7 1(v) 13,
g 1) = (u1,...,w) € Zn,q| X]

E95. ZOrE

B D 70, T OBIETESNT v 3AKD v % | i BEEMEIEL, AKD 00|
KBS R D T T W 379, FEBMEL 23, RIC Bl = ¢ ThiuZ g (v)gT = T

5.
AT =y MTYI%E

g ket 1)Ix (k+1
) € TU+DIX(h4)

gT

CEFET L. BEHRAEERL T HRY FL o= (01,...,0k+1) [ S R PP Ak e

G'(©) = (g " (01),. -, 9 " (0k11))

= (Ul,la e UL Dy e s Uk4T00y - - - ;Uk:—i—l,l)
&35, ZOLE
GG =t

DI D 3L,
226 TGGSW

TGLWE,(0)

TGLWE,(0

TGLWE,(0)



95, X% meZy[X] &FT 25 TGGSW DS C &
C=Z4+m-G'

TGLWE K55 ¥ TGGSW 53T External Product £ FEEIN 3L KD & 5 7z H#E[H]
A ZEB T 5.

TGGSW, () x TGLWE, (1(X)) — TGLWE,(m - (X))
(C,c) —CHec=G ) -C

2.3 Bootstrapping

TFHE @ Bootstrapping (&, Blind Rotation, Sample Extraction, Key Switching ®
3RT v T RITS.

2.3.1 Blind Rotation

TFHE @ Bootstrapping (&, Blind Rotation 7 L3V XA%@EL T/ 4 X %E/NELT
5. AJ1O TLWE BSI2&ENTWS / 4 Xid Blind Rotation Z1EL { EITTZ 3
PICHEST D, AR TAF 7L LTIE, 7R MSER o(X) = 2N o - XTEHL
TX 7. o(X) ZFEL

vt j€[0,N)

: (2.1)
—oN4j - jE[=N,0)

X7 v(X) = {

LW ZIHACEHT 5.

g5 IR LTI, Bootstrap Key BK; < TGGSW,(s;) 24K L, a = [2N - a]
mod 2N, b= 2N -b] mod 2N 23 EFT 2. Zhid X2V =1 TH 2 =DIERDETT D
IN S TERTZDEDRD 570 TH5. i€ [0,N-1] 1T LTs; =1%51F7 R FZIH
RICXG £2T, 55 = 0% 5EZHITRV, LV BEREDEL, X025 arsiy(X)
I L TGLWE BEESUC AT 5.

BlindRotate(BK, TLWEg(11), TGLWE,(v(X))) % Blind Rotation 713V X A %17
W, TGLWE (X7 - u(X)) 2T 2B ER T 5.



Algorithm 1 BlindRotate
Input: TLWE sample(ay, ..., a,,b) € Tp+
TGLWE sample TGLWE,(v(X)) € Ty p,[X]
Bootstrap Keys BK = (BKy, ..., BK,) € (Ty ,[X]k+Dix(k+1))n
Output: TGLWE(X 7" - v(X))
1: a; < |2N - a;]
b [2N -b]
ACC « Xt . TGLWE,(v(X))
for i € [1,n] do
ACC + ACC + BK; [J (X4 - ACC — ACC)
end for

return ACC

»

2.3.2 Sample Extraction
Blind Rotation 23H /13 % TGLWE BEE XD EX DEBIAZES{L L7z TLWE &
W%>< %. Blind Rotation T{572 TGLWE B 5%
(ag,... ak,zaz s; + pu(X) +e)

(a1, a5, b) € Ty g X]

IOrE, ai=30 0 a); XI, s =30 (si); XI kT B Y
b=> ((s)o+ -+ (s))na XV
=1
((aj)o+ -+ (@) N1 XV + pu(X) +¢

VCZ’DD, b:bo+"'+bN_1XN_1 L Z byl

k
> ((s5)0 - (a5)0 — (sj)1 - (@) n—1— - — (s5)n—1 " (a;)1)

]:—f‘ n+ep
=((51)0, (81)15- > (S1)N=1,-- -, (5K)0, - -, (Sk)N—1)-
((a1)o, —(@1)N—1,-- -, —(a1)1,. .., —(ar)1) + p+eo



LRINS.

S/ ((81)0, (81)1, ey (81)]\],1, ey (Sk)(b ey (Sk)Nfl)

a’ ((al)o,—(al)N_l,...,—(al)l,...,—(ak)l)

& LT, Sample Extraction &

TLWEg (1) = (a’,bp) € TPV

EHNT 5.
SampleExtract(TGLWE4(vg + ---)) % Sample Extraction 7L 3V X A Z 1TV,

TLWEg (vo) ZHi 115 2BERE ER T 5.

2.3.3 Key Switching

Sample Extraction 431713 % TLWE W55 TIWEs (1) € TPNT! % TLIWEs(u) €
Tyt 243 %, Sample Extraction TER L7z s',a' &

s' = (s),...sn) € BFY

a' = (a},...,a.y) € T];N
¥¥%. LT Key Switching Key %
KSK;;j = TLWEs(s, - B™7) (i € [1,kN],j € [1,1])
YERTD. EHVv bR ME g=(1/B,...,1/B") ¥ L,
g (a}) = (@), (aj))

LEFT 5. Key Switching 1%

kKN 1
(0,b0) = > > (a}); - KSK; ;
i=1 j=1

REHEL, k+ 1 XT0 TLWE B2 M Ah$2. LaL, ERICE g (d)g =

S (@) B =al+e 825 XS BHDEEIEL S, TOMELERT S, Key

Switching & TLWEg (i) T/ 4 XA eg + S0 (s'e;) TH 3 TLWE BFE x5 5.
KeySwitch(TLWEg (vg)) % Key Switching 713V X A %17V, TLIWEg(vg) ZHNTF

LR ERT .

10



NOT (0,1)—c
AND (O,—%) +cq1 +co
NAND | (0,2) —c; —c2
OR (0,%)—|—cl—|—cz
XOR 2-(c1+c2)

3+ 2.1 HE[EIGHIH(E] R

2.4 Gate Bootstrapping

f:{0,1}2 = {0,1} DIEEOFEEEE f %7 $ % Bootstrapping TH 2. 7R+
H %

1 -1 . N-l
b=—o() X'-) X
=0 i:%

¥L, ¢ = TLWEs(u),BK = (BKy,...,BK,),BK; = TGGSW,(s;) % Fl W T
BlindRotate(v,c, BK) il H ¥ 53. Zor %, BEOAN u,u € {0,1} 2HES
L. L7z TLWE 53 ¢1,c0 ZFHIWVWTE 21 D L SIC ¢ ZRET 2 2 & THEED PR
EFRIETE 3.

Blind Rotation {Z3F3I2DWT, /A XW+H/N X0 e RE T U

X . p=X"2NFky

ZEMELTED, 2O & kldc=TLWEs(k) 2727, Hl21EX NAND [H]3& % 34 L 72
WEER21ED k=31 —pp TH%. TITpi,pe €{0,3} TH2H5

EN (1 =p2 =0)
2N - k={3N (u=3%p2=00r pg =0, =3) (2.2)
iV (m=p2=7)

DD, X 2NFh o REHET 2 ED X OEHY o OFRBUIK 2.1 D X S ITHRIGL
TWwa. X211 ¥ (22) 2ol 2R 8E, pu,u ZAN1E 325 NAND O IE—
LTW3,

11
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2.1 Gate Bootstraping 128} 258 & R D XIS

2.5 Functional Bootstrapping

Blind Rotation 1%, v(X) =N tu- XY, PXpueT, L LT XA - o(X) 2H5E

XOEFHHAL, (2.1) 2F¥Xr T2 TGLIWE BEX%285%. 22T

1

7§)mTP
1

gt €[—=N,0) < pe€ [—i,O)rﬂI‘p

p*ef0,N) < pelo

TH225, TAMNZHRNOBREEZOZZEBIEE LTERLVWE 2, FEX plX
pe0,)NT, THIREND 3.
CoOMEEREZT, TAMNZHEXE

N |24i] mo .
o(x) = 3 el _modp)
1=0 p

L, ¥ pxpel0,1)NT, &35 CHEEFHES 2.
p=4 Dt %, Functional Bootstrapping D4 (|2N - p*]) & 7 X s ZHRXOFRED
FHMER 22 DX 51272 5.

12
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2.2 Functional Bootstraping (p = 4) 2B 2B & R DOXE
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3.1 IBEARDOAXLIVTATT

REFRDRAAL D7 4 771% TLWE W5 X% TGLWE lE5xXt A% L, TLWE I
FXBBRBZIEA 2213 T TGLWE 52155 Z & &, TGSW 5% TGGSW
5522 A7 L, Blind Rotation 2175 2 TH 3. 56 ZHEARTOHENLS, £
HA e BIHAOREICEL TV 5.

TLWE FE5 32 TLWEg (1) = (aq, - .., ak, (s,a) + p + e) 10 UERERMZEN v(X) €
ZngX] DB

(a1,...,a, (s,a) +pu+e)- v(X)
=(a1 - v(X),...;ar - v(X),(s,a-v(X))+p-v(X)+e- v(X))
=TGLWEg (1 - v(X))

NELNS.
72, WMEENPZIEN TRV TGLWE K5 32% LT Sample Extraction 2175 & &

(s,(ag,...,ax))
=(s1-(a1)1 4+ 45k (ap)) +-+ (51 (@) N1+ -+ sk - (ar)n—1) - XV 7!
=(s1,..-,8k) - ((a1)1,-.., (ag)1) + -
kb, 20D XS Sample Extraction 2175 Z ¥ BT %, Key Switching 254
B2 B

iz, TGSW BEE5 X% TGGSW W5 X ¥ A7 LT Blind Rotation 2175 Z & %
# % %. Blind Rotation ¥ 7/ —F > & LT TGLWE 532t TGGSW IEEXD

14



External Product #2179 23, TGGSW W5 % TGSW IS ICE X & ZLITFO
KOREEY 5. e [1, k]Il T

TGSWs(s;) [ TGLWE(v(X))
= G HTGLWE4(v(X))) - TGSW(s;)

= G H(TGLWE(v(X))) - ( TLW:ES(O) +5-G")

= G 1 (TGLWE4(v(X))) - TLW:ES(O) + G HTGLWEg(v(X))) - 54 - GT
ZIT, GTHTGLWEs(v(X))) € Zn o[ X]' D) TH 205
G HTGLWEs(v(X))) - TLW:ES(O) = TGLWE(0)

%72 G HTGLWEs(v(X))) - GT ~ TGLWE,(v(X)) TH % 5 5L RAR D 370,
G Y TGLWEs(v(X))) - 55 - GT ~ 5; - TGLWE4(v(X))

L7235 T, TGSW IEE X% TGGSW 5 & AR L75AETd External Product %
ST = %729, Blind Rotation 23R TE 3.

3.2 REAINDFH

Z 5 RX T, FDFB % 2 [H® Blind Rotation, 2 [BIDfHEi7Z: Sample Extraction, 0
[l Key Switching THIF 5.

TFHE CE&E® Full Domain Function h % #Hilli 3 2 72912, EEOBE f: [0,3) N
Tp = Ty, g:[—5,0)NT, =Ty ZHVWTh ZUTOXSITEHKT 2.

) f(z) z€[0,5)NT,
h<”‘t@>xe%ammm

15



1 zel0,5)NT, N
Z ZTsgn(z) = E55L h(z) BUATO XS ITRE 3.
-1 z€[-3,00NT,

h(z) = 1+ s;gn(:z:)f(m) n 1-— San(l‘)
Blind Rotation TR h ZFHfi T 2712, ¥X pu € T,, BAE f,g %{%iﬁuc
v FLRZER vp(X) = SN 0pi X0, (X) = SN g X e Ty ,[X], s

s = (s1,...,8k), Bootstrap Key BK = (BKy,...,BKy), BK = TGSWq(s;) ’Eﬁﬁlﬂf

g()

BlindRotate(BK, TLWE, (1), TGLWE(vp (X))
—TGLWEg(h(p) +---)

ZEIH T 5.
ZD7DIT, TGIWEs(vp (X)) ZEIE T2 RHENDH 5. £, 7 = min{r € Z, |
r0g(X), 7 0y (X) € oyl X]} #FT

ZFHEIL, TGLWE, (&) +~~) 2185,

MY BEDEEL D TGLWE 5 XX TH % » 5 Sample Extraction & D TLWEg(u) =
((a)1- .-, (@)1, S8 4 s (ai)1 +u+te) 2155,

L7zh3oT, TGLWES(%—F- -+ )X LT Sample Extraction 21T\, TLWES(%)
z2155.

iz, TLWE,(B2W) 2 TGLWE BE3c Y %72 U, BERMEIER 7 0p(X), 7 vy(X)
2T TUT 21§ 5.

TGLWES(WW(X))

TGLWES(Sg”Q(“) vy(X))

16



ZL T

C\_/
~
s

I

—

)]

=

m
n

(0, (2X )+ TGLWES(—Sg”2(“

LCASLPA TGLWES(Sg”Q(“) V(X)) = TGLWES(l_STg”(“)vg(X))

<
Q
o
~
~—

ZAtET 5. LhoT

TGLWE (us (X)) = TGLWE,(LF 8"

R¥
a
)

il
=

N
3]

BlindRotate(BK, TLWE, (1), TGLWE(v; (X))
—TGLWEs(h(p) + -+ -)

ZEIH L, Sample Extraction #1772 5T

fp) pel0,3)NT,

TLWE(h(p)) = {g(u) pe-10nT,

%218%. L7=H - T 2[H 0 Blind Rotation, 2 [EDff# % Sample Extraction, 0 [E]D
Key Switching T FDFB # 5T 3.

33 BEANDZZEMHE

RESHRNTIIMEHE s 13 TGSW K5 T, ¥ 1 id TLWE BE X THICHWE ST
W3, ZLT, HDEDEIEIZTRTRHDOSDTH 3= DL FXHFHRT 2 Z 2k
ISR
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Algorithm 2 $££/7:{

Input: TLWE(u) = (a1,...,ax, b= (s,a) + pu+e) € Ty H!
07(X) € Ty X1, 1)(X) € Ty X]
T=min{T € Z, | 7-v§(X), T vy(X) € Znp[X]}
BK = (BK,...,BKj) € (TE+HDxyn
BK, = TGSW,(s;)
TLWEs(f(m)) for m € [0, N)

TLWEs(g(m)) for m € [-N,0)
. ¢o ¢ BlindRotate(s- SN ' X?, TLWE,(u), BK)

2: ¢ + SampleExtract(co)

Output:

—_

cpé—c -7 -vp(X),cg—c-T-vy(X)
A (O,#)—I—cf—i—(o,#)—cg
¢ < BlindRotate(c;,, TLWEs (1), BK)

return SampleExtract(c)

18



EA4E

LEB

ARETIHREFELBFEO FDFB Ol %2175. [CZBT22] TId FDFB OFEDO#RESE
Wiz, RENZALHEN ST TN S.

BFDFB[KS21] FXODIEAWR X DFHET 2B 2T DB R 5. REHFRX L DEREIZ Key
Switching OFI¥TH 3.

BTOTA[YXST21] FEXDIEAIZ X o THAU % nega-cyclic 14 (2.1) ZHFR T 5.

BMComp, CMV[CZB'22] Comp &, BIE=#E L BEBOMTERE S Z e 2HHT
%. CMV & Multi-Value Bootstrapping[CIM19] % w7z Comp TH 5.

HR BlindRotate([7l) | KeySwitch([H])
(KS21] 2 2
[YXS*21] 2 2
Comp|[CZB"22] 4 4
3 3
2 0

CMV[CZB*22]
REIA

#£4.1 g

19



ES5E

HHHI(C
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THEHELE. Zhuc kb, Key Switching I8k 3/ 4 XOEINEFRE L, ZIHER%Z HIEN
WEEHHZTWSE Z I L 2B(L R L. 7272, Bootstrapping 7131V X AIZHB
F B ETERB DR F L4 v 713 Blind Rotation TH D, ZORFIIFELTLTHZZnb
B RIRLEIFEHTE TRV EE I LN 5.

¥ 72 A2 Tld Blind Rotationl B¢ FDFB Z# 3 2 Z LI TE R o 72203, KI
Blind Rotation #7312 TGLWE 55 % TGGSW S ICE# T 2 Z e BT xHZ, Blind
Rotationl [AIC FDFB 2K T 5.
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