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ABSTRACT

We modify the Montgomery modular multiplication to extract the common parts in common-multiplicand multi-
plications. Since the modified method computes the common parts in two modular multiplications once rather than
twice, it can speed up the exponentiations and reduce the amount of storage tables in m-ary or window expon-
entiation. It can be also applied to an exponentiation method by folding the exponent in half. This method is

well-suited to the memory limited environments such as IC card due to its speed and requirement of small memory.
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gvtzioz wEE Y52 Afmod N2 HA|E
F o] ASt N tAx o) ual 7hiH o} 5124
E o]49 & FFE A8-¥r} A5 EE RSA A&
gllo] L} ElGamal Al 2¥)e] X & 512v] E o] 4, o]4t
0 BEAlol 2A UAg MY A2db doA e
1408 E o] g AlE-¥r} He AAe REe 4
o) wiE o o]fojA] glone Id HFg A
€ 28 34 7 HL 95 P& AdsAY
252 349 2437 gas H4g YHone
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b wgel gL FAS 2EEG P4 QAR U
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21 55 ¢ Barrett 222 5™ 283 Montgomery &
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Rel \ntste] Tl FAA FF AL TRl 47
=& Montgomery 282 8L WAL TF
AL H2e S AL F glong WYY Y
£ 9% o H 23 ANESEE NAE F AR
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83 A 34 A & o8 Yo W] 3Gt
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g gad F49S A5 AN S8 v
BA3E C Aoz 78S AAE AA T

II. Montgomery 2 &2} g4} HY

DEE FAL F 7o 44 2 A4 dg =
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g 24§ e ZEe 34 S Ay,
(o] 3ol A &= o] & Montgomery 34 )&} §1t}.) Mont-
gomery 9§4-& REDC(AXB)=ABR™' mod N2 &
BREY + Ao o] g8 viehd Aol 2@ 1
o]t} 714 No'& —Ng ! mod be]™ Euclide] Hdj
Tk g Ehlog Abde Aag & Aok

Montgomery 34]& AM&-3to] g e} BEe 34
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7 Montgomery Multiplication : C=REDC(A X B)

C=0;

for 1 = 0 ton-1 step 1
C=C + BxA;;
m=CyxN, mod b;
C=(C + Nxm)/b }

iftC=N) C - N

return(C):

12! 1. Montgomery 252} F4)
Fig. 1 Montgomery modular multiplication.

FAe wEsteE AUt AAY REES £ A5 W

o o= B Eg Aotk 28U WAl Noresidues

oAl BEel yrAlo] wEH e R ufg g o

Montgomery 3412 2n +n¥1 9] 2o 5= FAlo] ¥

a3y 720 uhyolu) Barrett Y] o ula)

S1dro Al FEl o] §-o) B,

2.2 Montgomery 2 &2t SAo| t1g

o] =g WA 02 AF AHA] WA k M EQ] EE
k—-1

Z E=3 ¢2,¢€{0, 118 %34

far
& % otk ol WA e A5 AR ME F oln
ZAM BT G =) uhil left-to-right B4 4
right-to-left W2l o & 783 = 2l =] Montgomery
A8 A8 right-to-left ol w15 kA8 Vel
7o) 29 201

o] R MEdh

Right-to- left binary cxponentiation @ C+ A" mod N

C= R mod N;

S= AR mod N;

for i=0 to k-1 step 1
i e 1) then { C=REDC(S X C)y S=REDC(S x Sy}
else S=REDCIS »S)

REDC(C X 1.

return(C);

112! 2. Right-to-left o] A &% w2
Fig. 2 Right-to-left binary exponentiation.

43 290 i Hs gol ek 190 ol S
Sol sl - REDCISXC)ak S=REDCSXS)& +
gt o (H’.\F:(%: % 154 Al (common-multi-
plicand multiplication)s] 2} shut. Aot X gt 31419
1R ML of F QAtellM SE FE YR wete

1038

2 FFHU AL 2L 225 g A
£ Aol oleld M- =& 10 = {ALSHA
Hgd v Qe o o] Avde UeAdg Hstr) 9
& A9 1~ 2% (179 Ng 93l £30]
F7hs e @3 el ATk Montgomery §4& 2dl g
AR Feode TEAA A BEE FE377
gt 2 ol F7 AT} 44 Cot sefl 9
£3te] Wst7] W Folr}t. 22 2.2 Montgomery &4
& Ui 7he] AF T
REDC(AxXB)=ABR ™' mod N
=ABb™ mod N
=A(B,—b""! +Ba_,b" "2+
+Bpb) b™ Wb "™ mod N
=(Bn-1(Ab™" ' mod N)
+Ba-2(Ab™ "2 mod N) +...
+Bo(Ab™ " mod N))b™™ mod N
:(Bn»—IARO +B.2Ar +..
+BoAra-1)b ™ mod N
=Tb™™ mod N M

714 TE Ba-1Aro +Ba-2Ar: +... +BoAg. 1917,
0<ig<n—19Y W Agi=Ab™"'"" mod Neojt}. ukel
n-1—i7b 08T 28 Apdte AZ m—1 +i 2e)
"} NZ% 07 o] FAIZ] gholw ojuf REe} 7HihE 3
] etk 22l m—1-i7F 020} # S A 5-9 A
b0l e ol B de iR HoR ~?¢}b}. = A
:AR,AIb mod N&}+ %t
A, mgte A Akt ALE MR EE wes 0
7t n—19] Abo] gro g Aegh & YA T Aejp
7F o b2zpEl S e wavt alvh vhef mo] 0ol
W Ty n+2zbE] ool 1ol Th 'z n +12}beit 4]
o] o] & vhAl nxbEl® GAAIFIE AvEARE f1ibel
g5k} mol 20]de|w A ANFE FA Y m
ol AAFF AbE 3l vlR 7t Bolzlvh g
i) AR SR 3 me 200k 9ol m
& 28 3 FF Aes+ w4 REDCExO)%
REDC(SxS)& Ltehilm 1,} 3 7h

REDC(S XC) =(C,-1Sro +Cn-2Sr1 +Cs-3Sg2 ...
+CoSrn-1b > mod N
=(Cp-18b +C,_,S +Cu-38b™' mod N ...
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+CoSb™"*2)b 2 mod N (2)

REDC(SX8)=(Sa-1Sro +Sa-2Sr1 +Sn-38r2 ...
+8S0Sra-1)b "2 mod N
=(Sn-1Sb +8,-28 +8.-3Sb"! mod N ...
+SoSb™"*)b"2 mod N (3

2] (¢} (3)ol A Spi7t FFHOR ALGFHEE F9
gk A2 g 9ok REDCS XC)E Al4tet & REDC
(Sx9)E ANY Afoe L& SuE AR of 3
%t Sro, Ca-1Sro, Sn-1Skro, ST 2.2 W7o} 7HH A
AL SpiE shvhe] o] A wlR el A g3te] AbE
g 4 Ak A7) Spet SE At AFOE olF
g R ol Spi& So|BLF S| AE ol e
A Spie T 7he] A Absir

SR2=SR1b_‘ mod N, SR3=SR2bAI mod N, -,
SRn-1=Sra-2b"! mod N 4)

REDC(S XxC)9} REDC(S X S)& EA] o} Alatse= &
2 Hes 348 29 33 2o o714 %!ﬂml for
9] iAo} FHR Fo| SpF ANEE By
oln] Eulx} forF-2 mo] 20|22 Tb~? mod N% 4=

Pate Froloh.

Common-multiplicand modular multiplication :
X=REDC(SXC)=SCR™' mod N, Y=REDC(Sx5)=SSR™' mod N

T=Si

X=Cp-1Sb+Co-2S §

for i=n-3 to 0 step ~1{
m=ToNo’ mod b;
T=(T + mN)/b;
X= X+TCy Y=Y+TS;; }

for i=1 to O step -1{

mx=XoNo" mod b; my=YaNo" mod b

X=(X + m.N)/b; Y=(Y + myN)/b; }
if (XzN) X=X-N; If (Y=N) Y=Y-N;
return (X.Y);

Y=8015b+5,25 5 i

2 REDC(SxO)& AlMdte o 2n +n—-2)(2n +1)
+2n +1) = 2n® +ny 2] Fdo| W3 28}
REDC(SXS)E ANE 9o 3% AL 2E£E 4
g8 5 goervz 2n+(n-2)n+2n+1)=xn*+2n
Ho] F4leol Wasig. WYg whye] ¥ e
FHA AL Montgomery E R 2Ysht FE
He4E /e F W 2EH FA4L 30’ +3nd
o] FAeoz Al 4 3k ¥ Montgomery F4
o2& 4n® +2no] HRsmg WyF Wy o)
Waol A e7F 1Y 99 AMFE 07502 Y
F At
. 2% Hae 9ist 48

o & W ol & o] F W4, m-ary W4, window 134
o] gle o left-to-right 2] 3} right-to-left W] 0.2
F8E 5 e} 22 left-to-right el 25 A5
4 Aol glemz Wys wEe FA4L L3
7} ojgrt. B oM right-to-left Hele] m-ary, win-
dow B A 2813 X 4= folding 7)Y & AE-4H
% 2o} Wae e 34 WYL FHEe

3.1 m-ary H5 WA
mary 34dME WA X3 EE vl ae$E
-t
e mAFE el F B= Y Bm, E€l0,
i=0
m—1}2 ¥8% % 9t} Montgomery S41-8& AR
3l right-to-left m-ary -5 HF2].& Jepd 7o) 18
40]1}5) Right-to-left W4} ¢] 712 el A™E A4
g F 2 el ASe Eol g wE Weg

Falebs el 19 49) FUA foralA) B v

J8 3. 3% Hesr REgd 34
Fig. 3 Common-multiplicand modular multiplication

Wag 2Ed FAd AMEe A &R
7ok A shtel Spigkd Aldtshd nH1wie] #
& 5 Fale] Madtng RE Spitd Astsie o
(n=2)(n +DW 9 2 5 FAo] Wasy e

m-ary exponentiation : C=A®* mod N

for i=1 to m-1 step 1 { Tl=R mod N; }

5=AR mod Ni

for 150 to t~1 step 1 {
if( E;#() then { T{E,]=REDC(SxT[E,]); S=REDC(5% )}
else S=REDC(§XS),
for j=0 to log,m-1 step 1 (S=REDC(5XS);} }

for i=m~-2 to i=1 step -1 { THI=REDC(TH] X TH+1]): }

for i*m-2 to i=1 step -1 { Tlm-1]=REDC(TIm-1]1x T[i]); }

C=REDC(T[m~1]x 1)

return (C);

18] 4. Right-to-left m-ary 3% 44
Fig. 4 Right-to-left m-ary exponentiation.
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o} Zho] EE /9] A2 XY 3¢ F tm-1)/
mi o) ZE vs5 FAol Ak o] WM ¥
Z [Mogz(B)1 +v +2(m -2 9] R €2} FAlol Yast
g8 714 viE EE mASFE EHAHE o 00] ofd
Ei¢] 7 4ol t(m—1)/m3} e}

3.2 Window & 24|

Window ¥4 & m-ary ¥4 & &3 202 AT R
o2 AYe 2719 windowE ¥ HEE FPF)
28y windows YEH o2 72 HEHR Fe Ao
o e} windowe] =77t wolsle] @A Al Z3 £l 1
o] =# %t} Montgomery 41 & AH-8-¢F right-to-left
window W2]& ebd o] 19 Solth. o] WAL
right-to-left m-ary¥}2l¢] 29} vl 53517 window7}
H7E AAAA Adl 5 HAeg AT F 7} win-
dowgrol] HFate T HE e FYINEE T Aol
o}l 23 59 whileBW oA R vle} 3Fo] window
7} B e goitt 3% 9e 5 Falo) AT Win-
dow W&o A BF window 7|57} [log Ef(w +1)]
Molzz B [log Ef(w +1)1 +log, E1 +2(2¥ ' —
1) +389 mEe} FAo| Wasjrt

Window exponentiation : C=A" mod N

for i=0 to 2% '-1 step 1 { Tfil= R mod N; }
S=AR mod N;
i=0 ;
while i<k dol
if (e=1) then
J=MIN(k,i+w-1) ;
while ¢=0 do
i1

e=(gj...ei)2 /2,

Tlel=REDC(S x Tlel); S=REDC(S xS);

for k=i+] to j step 1 { S=REDC(SXS); }

i=i+l ;

else

S=REDC(S X S);

i=it];
}
for i=2""'-2 to 0 step -1 { T[i}=REDC(T[i] % T{i+11% }
for i=2""'-2 to 1 step -1 {T(2*'-11=REDC(T[2* '-11x TLi]); }
TI2*'-11=REDC(T{2" '-11 x T{2" - 1]);
TI0J=REDC(T[2* '-11x T[O]):
C=REDC(T{0)x 1)
return (C),

18| 5. Right-to-left window H % v} 4]
Fig. 5 Right-to-left window exponentiation.
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£ oM e A folding 71 & AHS-& Y5 e
£ AAE HYE w52 FAE A4 g9
A] folding 7IH ol A EE Wt g Holr d4arg
o2 A BgE Tole wWielth o w2
Schnorr7t AAIG M HE4 Ashubyble) 7) %38
o right-to-left ¥} o & W3 Ao} F, kW ES]
AT EE By +EE2 B8Y + Y C=AE mod
N=(A™)?".Af mod N2 & A4 5 Ut o] g4
w4 e] 7] & 7H‘§%‘En9} ELg o]A+2 el e
 FEHOZ 417 Ao P HEe AN F 5
At Aotk

HE QA e H(5)% 2ol Eust ELS ANDAA
FEFLR 1Y BB 2Eeh 283 Eemd En
2 exclusive-or(XOR)A] 7] 3 Ecom® EL-& XOR S}

Ecom = Eu N EL, Enxor =Ecm @ En,
ELxor = Ecom D EL (5)

o] 3% Ecom, Enxor ¥ Exore 27 EE Hlo g
HAE o) 49 vbds) &9 vtdo] FFEHoz “1”
Q1 &, 49 vk ko] 17l 4, &) vk ko] *17Y
& oulsly ojALE FHA g3t A} o)

A €com.i» EHXOR.i, €nxor.i € {0, 1}0] T}

k k

-1 L

2 2

Ecom= 2 €com.i*2, Enxor= 2. enxor.i-2,

i=0 i=0

k

2

ELxor= 2 €ixor.i*2' ()]

i=0

w2t Byt Eve oha3 o] 388 4 Qg
E = Ecom +Enxor, EL= Ecom +Eixor (N

24 folding 714 & ©]-43t #5& Fdste #
AL 29 63 Zoh. 219 69 AAA forF oA Al
mod N, APwor mod N 28] 37 AF»er mod N& #H A
T F, Abn= AB=. ABwoe mod Nt APft= AP
AP mod N-& Atgc). 223 FHA forFolA
HEHoZ AP=(ABR)". AR mod N& A A&} o
% Aakell Wagh AldEFe £ ¢l o] E2] Ham-
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ming weight® k/22t 7F @k 281 Ey9t E 9
Hamming weight+ k/491% Ecom, Enxor, Erxor®
Hamming weight® z+2} k/8¢] ®1}. 2822 k +
3k/8 +3¥ 9] mEE} FAol RF ) o) WM
AAA forBol A Ecom, Enxor 2 EwxorZt “17Y o
3% dss 2EgE F4& 3K/ AT 4 AUt

Folding : C=A" mod N
Com=Cr=Cy=R mod N,

S=AR mod N;

for i=0 to k/2-1 step 1 {
ifl €con_i=1) 1 Ceom=REDC(SXCpq)i S=REDC(S X8);}
else ifl epxor_i=1) { Cy=REDC(SxCy);S=REDC(S X 8);)
else if{ eyxon ;=1 { C.=REDC(SxC_)iS=REDC(SXS);}

clse S=REDC(SxS); }
Cy=REDC(Cy*Com);
C=REDC(CLXCom)s
for i=0 to k/2-1 step 1 { Cy=REDC(CyyxCp); }
C=REDC(CyxC.):
C=REDC(CX 1)
return(C),

3% 6. A5 folding 718 & A& H%
Fig. 6 The exponentiation by folding the exponent in half.

V.dlm 24 9 78 g

4.1 95 Yald H|n 24

He G5 ANFE HaY gole BREFH
FHA+E st a8y ZEg8 AL 71 bR
t} e FEY FHALR o|RAuR AF Hgo
gdad &2 £ FAL AN AN AMFE
H2g 4 ik & =8 e §5 Afmod N& +
#ele o A E ¥ Ng 25 SI2VEZ 7MY 3.
At N9 71 b 2'°0 2 dyed Lo C o
of At 168 EQ FAE A Wstr) W&ot
o] 49 Al N2 715 b2 HHaA A5 ng 32
7t @}

o]z g4 WA oA E7} k¥ E o] A left-to-right ¥}
23} right-to-left ¥4 25 o 1.5k 9] R g} JA
ol dasul 2 e o] W& o Montgomery F41
& AHEEE & 1.5k(2n? +n)M g Fe F FAel ¥
f.3lt}h. 28y right-to-left P A4t A & k/29 9]
FE Heg T4l H71EE WEe YL AHS-3)

A 0.5k(3n? +3n) +0.5k(2n* +n)H o] F4o] ¥ g3}
th oli= EZl S12 HIEY A4 76819 mEel AL
646w 02 AN RAF Y}

Left-to-right m-ary %% WA= me] A€
wtg A4t Holg € FAF7E g AA He d m=
2°2 &9 o 64199 R EE FAo] asiy m-17)
o] A& Holgol o3t Right-to-left m-ary
WA oM &= [logx(BE)] +v +2(m—2)¥l o] w5} F4
# m—1719] AF§ "HolEo] Yasrl m=2%]
W t=128, v=128-(m—1)/m = 1200 2.2 °F 660*1 9]
2Ez g4 gaste. a2 right-to-left ¥4
Fel A vl FF Fes FAol ArmE WM
2z F42 HEIHH k-v)@2n? +n) +v(3n® +
3n) +2(m—2)2n; +n) 9] 22 5= FAlol YR F o
ol oF 603919 wEE FME SYsie Ao 7
o 28 Y m=2%]9H t=171, v=171-(m—1)/m =150
ojt}. o] A4t (512—-150)(2n; +n) +150(3n; +
3n) +12(2n,; +n)WolZ o]+ oF 6022 REZ F
Az ok A BEZE SIZNEQ -9 meary WA oA
£ m=2;28 3+ Aol m=2LE 3t A vs A
A EEE L3 A HolEg ARt AER £
Ao

Left-to-right window W3] o] A& 512 H|E 244
window 2717} 59 o HHo|v HF 6099 BEF
2t FAlo) gasig o] F9 2v-17) 9] A AL Hol
Eo] "3t} Right-to-left WA oJA & [log, E/(w
+1)] +log ET1+2(2% ' —1) +3¥H 9] R E& F4lo]
ga¢ o ole 631 REZ FAS 5U AN
ot} 28t right-to-left B4 FAto A& window
Agerd 35 HeT Fido]l 4rleg iy v E
Zt 4L A48 (logE1-[log, Ef(w +1)1) (2n®
+n) +(log E/(w +11) (3n* +3n) +2(2%~'—1) +3)
(2n* +n) el 2 4 FAo] Haslit) ol 5908
o R FAE £YF A7 2o} 28 window
A7 E 42 8 (512-103)(2n? +n) +103(3n? +3n)
+1720* +n)o] L o] AL of 5839} wED} FAE
szt Aot goh Aot S126| e WY
FHL AEsHE A Lol window A7) 74U o £
S M2y e AME A JEE 744 P
Qlt}. 1 o] B window 27} 7t BFo™ HF window
M F713t 2 & window7t A7) 91X H4 3t
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S AAtehe A wobAu WY Bed Fdos
5'_’2}‘?;} T AL, ¥ HAL HolEo] ZAasA H
o] HolE & Hsate AdFo 2dE

Folding 718 & ©] 8¢ H<5 2 left-to-right W4 o]

v} right-lo-left WAoo 2 p&EIL 5

7} W&ol

ew 717 k

+3k/8 +19} k +3k/8 +3¥ 2] RE} FAlol s}

t}. 28} Right-to-left 2] ofj A=

3k/8e %

e FAol Azioz uyd nEal 342 AME
S 3k/8(3n% +3.) +(k/8 +k/2 +3)(2n? +n)Rl o]
gasit ol 615w Ao REE FHeE A
AT & e AdFol "ok A% 7 v g
R FA e 512V E dolegl g A3y A%

ol¥ 42 gopstd ® 13} 7ot &

F= ()2 EA A
YutA o 2 W5 vrA o A] left-to-right 3 €l 7} right-
to-left e R} A4 A A Fal st} 2L} left-

to-right el M= TE H$5

&, Bad HolE

FAol WA %

U} ®¥FE, Right-to-left eljX & 3% d&55 5

1L EES 45 9 Hold

Hiat

Aol A7 1"
right et} & HeE
A Aol folding 71" o] &8 WA TF
& FAY tAgge] ¥
27 drt o] WAEL
Bo) YRR oW T&Ho|BR ICTIES e
A g v g A}%—ﬁ}‘t‘: g0 H3etct vy,
E R 4o A g Yo

2 ol8 FAA oz Aesicha left-to-
A8 F At §3, °]

m-aryt} window W42

B A48 wo|ia) saga—}vi v welzh e 3
Aa A 2del g8 F A

Fe ulE

42 78 A1t

g He HAES
FAstgdch xAAN A E,

o] &

E3g do

A

ocug NAEE #A
1el A8 ol

PC % worksldtlonoﬂ A C <l

FH 2@ AN How v F

o 7} W4 o] g3t PC
133MHz& A}4-319 3L DOS $7 8ol A Borland C
2 7 9 skl o). Workstation Solaris 2.5.18+73 3}

Table 1. Comaprison in the number of modular multiplications and required storage tables.

— Exponentiation . .
B _ .
Modular multiplication fnary mary Window Folding
Montgomery (L-to-R) 768 641(15) 609(16) 705
Montgomery(R-to-L) 768 660(15) 631(16) 707
Modified  (R-to-L) 646 602(7) 583(8) 615
¥ 2. PC-586(133MHz) A 9] g4 78 &%
Table 2. Experimental speed for each exponentiation on PC- 586(133MHz). [secl
Exponentiation Bin m-a Wind Foldi
- indow ;
Modular_multiplicat: ary v ° oxding
Conventional(L-to-R) 1.559 1.319 1.244 1.437
Montgomerv(L-to-R) 0.771(768) 0.638(636) 0.617(615) 0.708(706)
Montgomery(R-to-L) 0.770(768) 0.657(655) 0.632(630) 0.710(708)
Modified  (R-to-L) 0.645(643) 0.598(596) 0.580(578) 0.617(615)
¥ 3. SUN Ultra2(200MHz)o M 9] W4 78 &5
Table 3. Experimental speed for each exponentiation on SUN Ultra2(200M Hz). [sec]
E tiati
Xponentition)  Binary m-ary Window Folding
Modular multiplicat
Conventional(L-to-R) 0.450 0.375 0.356 0.412
Montgomery(L-to-R) 0.306(768) 0.255(640) 0.245(614) 0.280(702)
Montgomery (R-to-1.} 0.306(768) 0.263(660) 0.252(632) 0.281(705)
" Modified  (R-to-L) | 025(640) |0 30(600) 0.231(580) 0.243(610)
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#%/Montgomery R 52 §4 & WY ¥ 14 o

ofl 4] SUN Ultra2/200MHzE A3t} & 29} 3&
PC % workstationof 4] g 9] H5& Tt &
8.9 Ha AZHg vERd Rolch o] AR AIZHA
hEe F4E HEstd He g 100084 8 £ o
Z G Aol ¥9 ()= Montgomery 412 A}
25 o} WA S JFoF 3 AU REE FA4

£ vjeRd Zoloh

HoJA Hy upel 7ho] Montgomery 4 & A
A el gl vls PCol A= oF 0.54], workstation
o) A & 0.689] 2] Al7ro] A Q @t} Montgomery &4)
g 7t 9o o LS FE ol8HA 22412
I 78 At Al dxEAct £ "I F4
& A& 729 = Montgomery F4-& AHElE
ARG 74 Hegd 488 ¢ AU 2 ¥ & R |
o] BEM Ao} vatdch MY YU PCR U=
workstationol| 4 7] A ¥ &¢] #twd o= tolEre
93 22 A M2 Al ZH] Aol )3t A 7Fr). Mont-
gomery 48 ¥l Fa3t ol PCHlA = ¢ 1.0026
oF 0.3984 msec 2 85}
% JdeF g 289 REd 4% FYA
PCollA] 2F 1.5170 msec, workstationoll A+ 0.7969
msec A8 520} t}E PCY workstationo)] A = 4-3)
AN, He Aate] e AlAY 71Fe 45, F
gdeie A9, & HH3 7)F9 F7 5ol ae}
LY ERAT BEE FA Ao o2 oA
vl 39l o

msce, workstationol] A +=

V.4 &

2 ERANE 3U8 A55E /e FYY &
ot F4 A FEH R AtE e R A7)
=& Montgomery R E2} 4 & W st WY
W S right-to-left HEl9) Hio] HgapH 7&e9
WA R & dabo] shgsit. 53], ICTE9) zF
2 Az A3l A S folding 71 & A&
3 Ha whao] MG FA4 uy e AL g3t A o)
A3 otk m-aryt} window Wl M 71 F w4
Hr} Z&oluia] Al vRAE AW B F9 5
e Aol Aok wera] of #hY & RSAY ElGamal
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