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Abstract In this paper, we present a novel method of parallelization of the modular multiplication
algorithm to improve time and space complexity on RNS (Residue Number System). The parallel
algorithm executes modular reduction using new table lookup based reduction method. MRS (Mixed
Radix number System) is used because algebraic comparison is difficult in RNS which has a
non-weighted number representation. Conversion from residue number system to certain MRS is
relatively fast in residue computer. Therefore magnitude comparison is easily performed on MRS. By
the analysis of the algorithm, it is known that it requires only 1/2 table size than previous approach.

And it requires O(J) arithmetic operations using 2/ processors.

Key words :
Reduction, Crypto System

1.ME

19761 W. Diffie$} M.E. Hellmane 3707 $&A]
2% (public key cryptosystem) NES Aoz A
HATHlL 2 F, AdiFHeg Fdo] g3 dEA7AA &
AL AFED e I EF Al2"EL 1978d
Rivest, Shamir 2831 Adleman¢] A|¢tgE RSA ¢35
Alzdlo|tH2]). RSA €3 Alade 719 Fujst #er)
A1, tx"d X(digital signature)® <1Z=(authen-
tication)e] 7@ AHE Mz ook zEu 53
o} B33 Al 512 HIE o), & ol & F9 RETH
A A M mod N)E FHIER A &= A4

t E202d 0 Addga AFEHEYY me
hipark@kiu.ac.kr
kim@kiu.ac.kr

=2He - 20038 3¢ 6d
Axrgtg - 20033 6€ 10d

Residue Number System, Modular Multiplication, Mixed Radix System, Table Lookup

o] & EAZM HAY ®EEH AF  A4Hmodular
AB mod N &{,‘Eﬂ-"—] 2Ed JA
(modular multiplication)& W& F£3gFozn &
ok 1HER Z $d Tﬂfﬂ’\‘\ Eg’—‘i"i WhE 53
t wE 258 4 uESs AAske 3o 14
9o 4% 9 B3 A2gE it doix A
a3},
2EY FAS A&FHoE FYsiy] A B &

2EEEo] ANHUH3-13]. HREe] LalEEo] 7}
%3] %2} Al2"(weighted number system)& AR&-3}
o 2E¥ FAL FAFH12). Ao RNS(Residue
Number System) Al&®E 2 Ak Ui AHE
AT P87} Yallcarry free) HHZ X F e
B g 538% #4g B dvH3-11,13-151

RNS Al2¥"e ZF g E A3 S 7154
£ 71 YA ES] AF @A) ESE 5 AlaFe] o}

exponentiation)-<

0{)1 off —?L' -l>



RNSAIA Az 8 37 BHE §

Ueh A dise Has e Aol 498 ol
o mEd AT B4 A4 S A =EY
2o gl Basith 4 ANE ASME diee) )

a7t gasia RNS Aellxe] &8 F4 Aol FA4
At F ALHA && AMY RAh 28y RNS
Al2"3 BAIAE MRS(Mixed Radix Number Sys-
tem) AlZ=® golre] A4S F3A RNS el B
4 288 34 4185E $9Y & AUtk MRS Al
dol M RNS Al=gdA AM-E A & 22 REd
& ARggith
E =FdA AN ¥WE XEE g4 amEe
RNS Al2®] oA @€k AF7hA] 12" RNS
F4 guaFoMe A"y = =2V 2EEA
gt 2 x‘f—‘?—ﬂ]/‘i—‘& RNS Al&="dA ga3% g
9] 7718 =) Z712 APIT & degreel(m) <
wel TEHE ’\]‘%i}ii’ﬁ T o 283 ALE I
1z . 9= we Zvle REYH AE YA AL
|=HE HolE AV FME FYsied LQHE
AA FHAE 283t AAS, diAHQd 2= 8
o\l 1602 gt}
=¥ AL geH 2. 239AME RNS

MRS 4 AA) disiA 7ledct 3304 Rge] g4
oA AHEEl= MRS Al2HE o83 HolE A4 W
HE Add 4 A2 oz A4 Hol
£& o83y EE—E] ZRE TP T S U HE B
B9 FA dauEs A3k 28z 53 A
guFe °]3Ha E7] AsA dAE Sslod A
31, ¢n]Eg B4 npAtew 630N FES
P}

ual

o

2. RNS2t MRS AlAH

o] ZelXE RNSS MRS 4 Al&de] disja] 4o
2ok 9A F F A2FoN F8Hog A3 vlE
o diated Felsta, 2t ¢ A2l s Aot

2.1 71= 39

£ ddAde & =8dr 3FHE AMY 7EE
£ g

A, B a3 5 AF(aA71F AAY A 48k

X AANE AAY Z4

N AF AdoA BREEE AMREHE 7|

Xas=(%1, x3,..., x;) P RNSA9 A4 X B9

X ors={% 1, % -1,...,% 1> : MRSAS] B4 X ¥
r 1 R TIF AAY 25
L : 3374 AAY 2 E337] 9% tREY £
m; : RNSs} MRS 49] & 2E#

o

A% ¥E 25 34 ¢19F 455

k @ 719 N9 degree

w : RNSY MRS 49 A9 degree

I : RNSY MRS oA stel A5E 5ds7] 9
g 2ZEEY A

M=TI %, m,;: RNS Alq 28589 F

= || =1L RNS AOIN 28 m
9 94

Q.= 1,={0,1,2,..., 2"-1} : w HIEZ ®¥ 7}
3 2ZE A3

2.2 = AlaY

1 rg Ze 37T AAY AT X' e 2
o] #d4ch
X=X la,riaeZ
IAR71F yE B89 L9 YAEE e AF X
T A BE@HY [0, »P-115 Zedh
729, & 483 1035 AAC gk 23715 AAe
¥ 5RL gL 2o
1) 4 ¥lazp 4o
) A ZEHEY FACAEE FME F 9
o] 7Fs3jcth
(3) 7rd3F shift A4re 2 FATA) 738t
(4) LHEZ S 59 535 At 7ids)i.
RZANF AA, & VFAE 2e A4 AL d)
AFPEI} HiEA] 9% OEIZRE EZ UXE=R
AfHolof Aot Aot Aoz o] FAHYE Ay
7] A A EE FlEEdE didd AMEE Ax
Hoz it Ay 57 Roldnk Ay £=F M
A = oy 184 I dsME F1H9 &
=d0lE a2 @t
I} RNSE 7F5AE 3R
o AMAE 1Y et glu
AAA wlg wE &g >l-n- At 2
S 2 9 B3 A eWERSEL dlF ¥lar)

<

5
rr
<
2
22
2
N
K-
M

N
ol

YT Al Aabs Adely] FETH3A4IL
RNSe| £4¢& tga 2tk
(1) RNS A= 2E#Y AZd HE

{my, my, ..., m )2 FAEG A7) EE

me M2 F GCD(m;, my) =1, i+j
ol

@ M=Tl%L, m;

) AE (xy, 2,,..., x e XXM AT X9
RNS s#o|c},

2= 1Xl =X mod m;
AB mod N dtoA BEH 744 A ZEH



456 ARSI =EX: A2H 2 ol A 30 # A 9 F20B10)

Nel degree® 4E} 59, REY FAld Had 9¥
A%} B9 degree= k—1°] Itk Y] r)e" g1
ZE E4E HA k=t TR guaBY 5L
< H3A B =RdME 27t wHEY 19952 5 Y
B 7 U=E 4 8 A9 = deg (x) = d; < w
ojct. asEZ B =For AMEE RNS Al~HL
LY 2t g7} ME40|3, 2t degree?t wSl m;
2 TAHI, deg (M) = Lw>2k0|th. k= wolEE
L=27 o|t}. RNS®| X¥ HIE 99 =79 Fuj=
e ofE F 489 4 295 FEglo] YehiY]
Mot

CRT(Chinese Remainder Theorem)oll <A3te M
Hop 22 ojug F4= whx] shte] RNS ¥EL 7}
k. RNS Al&F] AollA] gAd dal g2 F4 94t
2 E8H0F FYHY LAl dike #& Giko] o}
Uk ket A, B aglm 7} &3 Zo] RNSE #
e

Ams=Cay, az,..., a);
BRst(bl, bz ..... bL);
Crvs=(cy, ca,..., ch

WA azln F4 da

rlo

RNSAAIY 44 HiA,
37} Zo] Heldoh
(1) C=A+Be 9494 Q4& vepin .
ci=a; +b; mod m;, 1=1,2,...,L
(2) C=A-B & 4o 94& et} :
ci=a; —b; mod m;, i=1,2,...,L
(3) C=AxB £ 999 FAL vehir} .
c,=a; X b; md m;, ¢=1,2,...,L
S C=A+B Qo] £399 ), duel e A
Ze= WS CH degreex A9 B9 Hl degree BTt
=24 g & s de
dPer AYY AAE 24T Aotk By 34
C=AxB F3drMe ZAde 1035 Airs} o)
A4t Z3zrel degreevt FA9 98 A} B9 degree
Hoh 7ok & J¥4 94 FAn ¢ 7195
(irrecucible) N-& ©] 83 mge] 4 date] Basic
28R, 25 N §4 94& RNS oM 38
W F4 2o degree® FY 4 ke Wlo) Was
T3 FA 2R degreeE ZBAFY) AdME U
9 =7} Wl @ite] Hasith a3y RNSe €7
A F AAlelnz di$e] my| uia Aite] Bl
] 27] vm Qe el B = dMe s1EA
FAAY MRS(Mixed-Radix System)& o]43}d &
o] degree® £°|7] fs)A vgelM A9EE A=

c;i=a; + b,' mod m;

& TRM(Table lookup Reduction Method)& AFE-3ic},
MRS®| i #HE oA A g e =93
2714 BA4E e
(1) MRS= 7FgA Al2EelBR dig wim @Al
1=
(2) RNSelx4] MRSZ9] 1igo] Jois= Axbe|A] uw
27 FHPE.
MRS 7]A& RNSAA AMSHE 7]1x9 2Ew
S 9N A3 (x L xrog,...,x D7 METH
A2 4 X9 MRS Z¥olghd X& e 2tk

Xups=%X L Mp_| Mp_g == WMy

—_

+ o dx g my my+xamit+x,

AN m i 71l x & MRS Aldolth o< x ;
my).

RNS ®EHE 7}5A] A" MRS T30z #3s)
7] #1814 MRC(Mixed Radix Number Conversion)
¢ Es AME

Mixed Radix Number Conversion Algorithm

BE  Xps=(2xy, x5,..., x7)
EY D Xype=<X L X1 e, X 1)
= xpmpgmpyom
+ e dxgmy m1+x§m1+xi
HEL: m= —rln =it1,L

Step 1. for i=1 to L-1 do

Step 2. X=X—x[7] mod m

Step 3. X=Xxm,; mod m

Step 4. return X ypg

Step 29} 39] X& 2ANE AAY Fgghe] opd
RNS A|2"dlAd MRS Alxsloz s}y gJai A
S$He g Witk F, Step 19 for FXE 283
F9Y X ol Xure?t Bk w8 AL 339 JAS
FaA AE] AHE

3. HO|ES 0|88 REY 2L

£ =®dAe 2y Z24E &M 2 N9 W)
TE A3 e HolES A4 N9 degree®
s, & deg(N)=st} FH Ho|&g T3] Y=
stw Bt} 2L degreeE 2+ No| vl$E Fald =
tow HERZ FPY F Je ZE IAY LT meEE
== ey

Q.= I1,={0,1,2,...,2%—1}

EE QA= v iel, ¥ ¢ q; € Q,0th F,



RNSAell A A1ZE & 77 BEFE

vi=q:N, iel, 2 A4} F, v,= n, mod m,,i
=1,2,..., Lot} », = degree’} stwHT} I, ([+1)
Aol J=E Ze 2 FHET

ri={R;;Ri-1... R;1 Ripd
A= gtel 00l old o8 7 HEH A=

BlolEe] Qlexz AMEEte] 29718 dg
TE A%t &, i e 1,9 sty

TV )= Virr... Via Vied
2 AR Fa3sk FJe A3
ie I, = O 3et EXdce Zojrh

MRS A" ZoA 748 geold Te ZE8 A4
o] ARk BEY Za ANE A &3] HsM A
. wreF ARzt ot wtw BolE I, =<,

Ciy...C; CpE RHAGYR 3zt ¥gY 7 @
IHEL wAlE TE ¢ mod NS At Ak
A7l fsiA AL ElolE T EFdA

Ci= V& Q2T o831 (V... V1 V> &5
& Al gl T4 A Cell SR
CVimre.. Vi ViedZb A% 3171 diEl

c=(C4.{ Ciog... C1LCDP=V,y Vyg... V| V>

2=

—_

wH E)
]

= Ho

me ot oo

zE HE V.,

cE

=¢C 1€ 1-3...CCp
&7 €= C;+ V,; j=0,1,2,...,1-1°|t}. dE
o] N=21°Z, m,;=13, my=15, m3=16, my;=11
A A9 ¢,N=2x201=4020]1, 252 m,,i=1,2,3,4
d 28] RNS A" s doe oey 2o
402 mod 13=12, 402 mod 15=12
402 mod 16= 2, 402 mod 11= 6

(s}
&

le;

A gae

S

3 HYE 25y

el
i)

J 457

Z X = 402 ps=(12,12,2, 6001 o471 A &)
2 RNS E&EE& 9A)A 493 MRC ¢udEsE o
£t} MRS Al2adez wgsity o ¥d AL o
<3 2k

Meduli 3 15 16 i

X s 2= 1Xly=12

2 6
Subtract a, 2 1
X~ a, 0 0 6 5
Multiply by HE . 7 5 6

X

m

X-—a
13

Subtract 2, 0 0 o

ag=|t

m.
-1 X -
= [1551],0
%L— 2, 0 14 8
Multiply by |—1'5~ 15 3

X

a3=1l my me

Subteact a 2 2 =i

=2

®

X-a
- a,

15 T4

DBBE X = 402 ps=(12,12,2,6)9] MRS %#
S X urs=<0,2,0,12>°1th. 919 Z4delA MRS #
A9 Y=ol Ae 1 old ¢=e] Aztghe] 00]7] W
2ol o o4 A4d "art ok olFA EEE N9
TE ¢; = Q,F F84 Table 1% TE 5 Qich

Table 19] MRS FdL 29 3 HA = =25 0
9& ¢ F Joh 2HEZ Table 1& 7Y o kol
0°] obd 49 A= F HA =& Jd=2 &§
84 t2 Table 29 o] AFd 5 it

e gh AN A% E shiel e PEe =
£ EEY g4 AN 9P HolEg v o wEo
FE ot RE F4 AN BEH PAE I 2

el =lug w2jd Holde ZYIE Table 29014 A
el 2vie} 2718 A €@ Aok v 4 <ug

Table 1 53 & HolB T

e frac . i, B -T()
0 0, 0, 0> 3 <0, 8 3 9>
1 1, 0, 6> 9 <0, 9 4 2>
2 2, 0,12 > 10 <0,10, 4, 8>
3 <0, 3 1 5> 11 <011, 5 1>
4 <0, 4 1,11 > 12 <012 5 7>
5 <0, 5 2 4> 13 <0,13, 6 0>
6 <Q, 6 2, 10> 14 <0, 14, 6, 6>
7 <0, 7, 3, 3> 15 < 0,15 6, 12 >
Table 2 38 EE8Y & €& T
e it i, @ ¥A 0] 4,8 T
0 <0, 0> 4 <1, 1 > 8 <3 9> 12 <5 7>
1 <0, 6> 5 <2 4> 9 <4 2> 13 <6 0>
2 <012 > 6 <210 > 10 <4 8> 14 <6 6>
3 <1 5> 7 <3 3> 11 <5 1> 15 <6 12>




2

oM daF shift A2 Fa ok geolde =7
=9 AZlE F/MIAFE A o=z HBF
A=) iz g3 meta 2EeE g Ak
HE A9E + Atk

4. RNSE 088 ¥al 253 34 Y725

o] AoME B =EdA AU Yo Gt =Ho
E EEY 4 WS o83 WY nEY 34 9n
2 FS ARG HeolE 7ty 25 24 G3E 9
34 gk oA MRS Al2®lAdelAN FHE go|Eo
ARGET Jog A4S o4 WY 2EY F4 ¢n
gF2 oo gk

RNS Based Multiplication Algorithm

AHA rir ﬂl)‘

E

o%

?Ja: ARNS——(al Q2y.00, a]_)
Brys=( by, by,..., b)
=9 CMR5=<c'L,cL_1,...,ci>

= X Lmpy Mp_s... m

.. txgmymtxsmtx,

B2 m,, T, MAXII

Step 1. Crws= A gpvsX Bras

Step 2. for =1 to L—1 do

Step 3. C=C—di] mod m

Step 4. C= Cx m; mod m

Step 5. for i=2/—1 downto / do
Step 6. C=C— T di]]xMAXIi]
Step 7. return C s

43 A9 BY degree® Hul k-1ol8ka sMAEA
Step 1€ F4% F F4 AAE AFshe Hey C9
degreec Hul 2(k—1)7F ©th M9 degree’t 7]7A3)
oF 2k0]7] W& A Ct HYskA xdE2 F o
I, MRC ¢xeE&dA 448 34 Y34 2389
F ok 2y o] A Co degree’t kRT} =)
i of FAE O g2 FA9 J¥oE AeF
FE A Step 1& 77 YsfM= olv) #4F
RNS 47 oA e A4 & ik dA 8
g RNS JF47I2AdE HolE A FAM7|(Table
Lookup Multiplier), Quarter Square F4)7)(Quarter

Square  Multiplier), <& WHFd  FA7)(Index
Calculus Multiplier) 18]z ojdo] JFAA7/(Array

Multiplier) 5°] ItH356,101. o3 FAl7] ZoA
AR FHE FEA AJx"d HE FANE A
g8 4 Utk Step 19 AFHE A2Ho] Pite
degreeql rET FHA WEZ) JAMe 2EYH 759
NE AAslm A9E NET FHF wisojo & daA

BEAFI =R AlAT D o2 A 30 A A 9 E(200310)

o] 9lt}. Step 2-6914 REYH ZHA AL FFdch
WA MRC €aziEg ol&sM Fdd ¢35 715X £x)
AlZ=HQl MRS Alasgjog #Hghsich azja F Ao
A4E dHolBg o]83ld FA AHAYA (€9 degrees
k=18 2RItk Step 6914 MAX[2i-1]9e REd
FAA 7 & g ARy, UeA wdde £3 1
AZ@ct. RNS ZHFECA 999 F9 mEH<]
AL shift Ao AT 5 Uk MAX[IS Ho]
TAX 714E g3t F3hs olfrte HolE TAA 7t
AL gk Fa A9 Azr) 3 Ay gEoE ofF
Bewelz Z& e FX3817] fsiMeldt ador 2
e BEe A G ZeFeE £ & 5 9
7} WEoldh woE Wylege 2EE 7AE YA
A ZAgke v "ol&d AAshe whye] it
HE Helg T8 243 Ui visd whgos
g ¢+ Utk = Table 18 HAS Jceo TS
= ddx e [, Ze whHolt)

mr =H o

W4y 9O oy

5. ¢12lE 8 OolN ¥ 24

o] Fdldz & FollA AAF WE gy 34 &
1PFY Frl B3 oHE HsiM I Luys
o] FRE o F EolM 49t &3 Aotd G
S EA3lx, [15]914 Halbutogullariz} Al &g
4 & =FdA A ¢nelEy A%S i B4
Li=d

5.1 ¢12|E H Ofix|

o] delXe £=8Y H$ RNS Al2¥ 7wkl By
4 ¢anEEd oo gy dE 28y N=2019¢
o, k=8,w=4 I [=kw=20|t} IFDE
L=2/{=4, & RNS Al2=¥1& F7A3}7) $1s0A degree
7} 49 479 # REHF 24 REY w8
L3t & E7] 43A wel B ZHFT H2iE
o233 2ol m,=13, m,=15, m;=16, m,=11 A&
Atk ML o5 2o 7 & .

M= m, my, my my =13 Xx15%x16x11 = 34320

% 9989 F 49 F49 477} 3432080 e
#&d Aol RNS Al&8] AolA daigte] Edo] #Y
= a = bl )= 3

AFHE C=AB mod N A4H& 98 RNS A=
71%e] HE F4 gugFe 7 Stepd A4 A
A AEEzt A=1800]2 B=163Y ALY 9=
AHnzA WA A% BE RNS Al2®" Ao F@og
vt o 2t}

A pus=(11,0,4,4), Bps=(7,13,3,9)
RNS A9 7|9te] W3 2gs F4 dugEe 24



RNSAFoll A A1zt 2 23 Bf= 48 A% ¥

gk =198 7] AN e e AHE F3
e,
Step 1 ¢ Crvs= AgnsX Bens

=(11,0,4,4)x(7,13,3,9)
=(12,0,12,3)

Step 3: C=C—di] mod m

Step4d: C=CX m; mod m
=(12,0,12,3) - (12,12,12,12) = (0,3,0,2)
=(0,3,0,2)x(0,7,5,6)=(0,6,0,1)
=(0,6,0,1)—(0,6,6,6)=1(0,0,10,6)
=(0,0,10,6)x(0,0,15,3)=(0,0,6,7)
=(0,0,6,7—(0,0,6,6)=1(0,0,0,1)
=(0,0,0,1)%(0,0,0,9)=(0,0,0,9
={9,6,6,12>

Step 6 © C=C—T[ C,1xMAXIi]

=<9,6,6,12>—<0,9,4,2> x16
=<9,6,6,12>—<9,4,6,6>=<0,2.0,6>
=<0,2.0,6>—<0,1,0,6> x1=<0,1,0,0>
%, ARG Care=<0,1,0,00=0x(13x15x16) + 1
(13x15) +0 x(13) +0=195 °]t}
5.2 ¢4nzglg &2
o] HolMe B =R AL HolE svte] mE
) Zaer WY 2E g4 €¢nES F¥shed g
8§ YA Z2AA 2FAM ] dEA 24t

l‘

AR HolEd B A4S 1B, EHolde =7
2 AXNF o)y BEd 42 HolEg de o
Ak otk ol TERE HOES gv e
TREADZZ ®A)8}3, TREADAAS] AA 352

A
Abgth. TREAD 94 ®WE mEe 34 dnzEe

Step 6o A9t WAFIt ag2g TREAD S48l
#elMe o] o TR TRREIIE 3tk HolEY =2
718 23 HolE TE 2738 zn 4 P2 ¢ A
olg e % AZF) afezg gHelde A4 =27
£ 2*xk BEZ} B} gHolEe AE =9 mrE

——ﬂA]%l—’F Ak ayez 13" 2719 ko o
A Az 37 we PHFE A" vE] £F
gl =88+ Ut

208 B =FoA AH¢tE RNS A2 7hike] 2
B3 34 4udE5S A B4% 2% 714
JHZ  degree (m)= wol EEZ FAAdA =g
m; FAE HolEg o8t T LAY M=o
REHE AN wEo] Zpzte] Abe dite] Md
R dis s s L=arie] =24
Z

& 2eny Jbgsd. gudE pye Eedes

X rﬂ rlm

gy 34 d1nas 459

Table 3 B8 258 54 €15 £4

ol MULe ] - XOR TREAD
Step 1 1
Step 3(2) 1
Step 42D 1
Step 60 L E L
Total | 818l s
Table 4 258 F4 ?-._}.TLE] E9) H
i ‘ AE By
Table size 2X2VXk 2Yxk
TREAD 2 I
MUL 21+1 3141
XOR 3—1+/log , (20 3l

87 glsiM 9= a9el Q4w M4 A4 XORE
Uehz, §= w9le 34 d4e MULE B@ich
Aetd RNS A28 7)) g8 F4 LneZY
28 4L Table 334 2t}

71Eo AR =L GF 25 AN mgd FA
S181A Bk RNS Al28g BAlo] olgshe Wi
Agstact =3 mEY 2a A4S 98l RNS
2" FF A2Pdg FA) AgFezN o 2 Hol
22 @az SHATHI5. B =204 Altd RNS A2
° suel MY 25y 34 SneEg 71F we
vl dbd ok Table 49} 2t}

Table 41 HaiZ ule} o] =2 [15]dME 2§
3 FAS 9§ AS "HolZH RNS HolZ, 2 2749
golko] EAle] HWasigon 211°Pff¥ E=RME
MRS % A2d& o)§3ozN Holie F9 A4te

42 518802 29 + AP

> o wo

6.d 8
£ =%odAe RNS A28 oA #HE =Ee] g4
1SS AASHT. AFAXN ;EE R
RNS ¥4 2nazdMe A2 9= =78 18
3R] gt a#y B =FoAs RNS AlAEdA
ga3d =2EYHY ZVleE d=we 2R, F
degree(mi) <wZ AEAth Y= we Ve EEY
E A3 AMEE "HeolBe zvist FAE £
Ehrtﬂ A8 5HE AA FYPAIFE nFHES AARHH,
QukHQ) Z7)E 8oL} 1622 Foh
AgtE HE F4 2uElES RNS HFH Ao 4
oz Aaksly] 418 MRS A2®le Alggozn
4 HRE i%ﬁloi FPe & YUtk MRS Alx
He A8 e § AlxHolnE, BEY 744 At



AEAFH=FEA  Al2E B o2 A 0 W A9 50310

460

2 FUsHE © BEHolUTh 712 RNS Al2d 4

A HolE i PEE o8¢ 5 F4 YuelE
1

3 vBlwA] AA HolBe ZANE

A AAE 209 ZEAMNE ARSI

12 29 4 A9,
)

FE & AUk

B =R At g3EEe gded red 3AA
H RNS ZFE AelM 7i&d Add dndFrn &
H EEFHQ FNEFES AREREE /0 Atd

FuEE

T 7 U Aotk A ALY dnIFE

olgdte EF o WME 9453 AXHE 7&

M=

A7} =gl 78 A7 WAFe AUck

(1]

[2]

[3]

[4]

[5}

[6]

[7]

[8]

[91

(10}

gogd

W. Diffie and M. Hellman, "New Directions in
Cryptography,” IEEE Trans. on Info. Theory, vol.
IT-22(6) pp. 644-654, 1976.

RL. Rivest, A. Shamir, and L. Adleman, "A
Method for Obtaining Digital Signatures and
Public-key Cryptosystems,” Commu. ACM. vol.
21, pp. 120-126, 1978.

KM. Elleithy and M.A. Bayoumi, "A Systolic
Architecture for Modulo Multiplication,” IEEE
Trans. on Circuits and Systems-II: Analog and
Digital Signal Processing, 42, no. 11, pp.
725-729, Nov. 1995.

J.C Bajard, L.S. Didier, and P. Kornerup, “An RNS
Montgomery Modular Multiplication Algorithm,”
IEEE Trans. on Computers, vol. 47, no. 7, pp.
766-776, July 1998.

D. Radhakrishnan and Y. Yuan, "Novel App-
roaches to the Design of VLSI RNS Multipliers,”
IEEE Trans. on Circuits and Systems-II. Analog
and Digital Signal Processing, vol. 39, no. 1, pp.
52~57, Jan. 1992.

G. Alia and E. Martinelli "A VLSI Modulo m
Multiplier,” IEEE Trans. on Computers, vol. 40,
no. 7, pp. 873-878, July 1991.

L.L Yang and L. Hanzo, "Residue Number System
Arithmetic Assisted M-ary Modulation,” IEEE
Communications Letters, vol. 3, no. 2, pp. 28-30,
Feb. 1999.

F.J. Taylor, "A VLSI Residue Arithmetic Multi-
plier,” IEEE Trans. on Computers, vol. C-31, no.
6, pp. 540-546, June 1982.

G.A. Jullien, "Implementation of Multiplication,
Modulo a Prime Number, with Applications to
Number Theoretic Transforms,” IEEE Trans. on
Computers, vol. C-29, no. 10, pp. 899-905, Oct.
1980.

M. Soderstrand, W.K. Jenkins, G.A. Jullian and
F.J. Taylor, Residue Number Systems: Modern
Applications in Digital Signal Processing, New

vol.

[11]

(121

[13]

(14]

[15)

York, IEEE, 1986.

V.S. Dimitrov, G.A. Jullien and W.C. Miller, "A
Residue Number System Implementation of Real
Orthogonal Transforms,” IEEE Trans. on Signal
Processing, vol. 46, no. 3, pp. 563-570, March
1998.

HS. Kim, KJ. Lee, JJ Kim and K.Y. Yoo,
"Partitioned Systolic Multiplier for GF(2"m),”
Proc. of the 1999 ICPP Workshops on IWSEC,
pp. 192-197, 1999.

A. Halbutogullari and C.K. Koc, "Parallel Multi-
plication in GF(2°k) using Polynomial Residue
Arithmetic,” Design, Codes and Cryptography, to
appear, 1999.

N.S. Szabo and RI. Tanaka, Residue Arithmetic
and Its Applications to Computer Technology,
McGraw-Hill, New York, 1967.

F.]. Taylor, "Residue Arithmetic: A Tutorial with
Examples,” Computer, pp. 50-62, May 1984.

R
197849 2¢ Ydigw AAFe}s 33
AL 1981 2€ gdiistm AAANIFE
gk Fe4AL 19953 24 Ao EY )
St AAFAES olgEkAb 1982 3
Y~EA) FAddstz FFE T 2
TAEoRe ARY=TY, AP, BE

Bz H3AXY

IR
AuARAEEA A2 L ol
ApAA23 F=x



