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Study on Construction of Multiple-Valued Logic Circuits Based on
Reed-Muller Expansions

Hyeon-Kyeong Seong’

ABSTRACT

In this paper, we present a method on the construction of multiple-valued circuits using Reed-Muller Expansions(RME). First, we
discussed the input-output interconnection of multiple-valued function using Perfect Shuffle techniques and Kronecker product and designed
the basic cells of performing the transform matrix and the reverse transform matrix of multiple-valued RME using addition circuit and
multiplication circuit of GF(4). Using these basic cells and the input-output interconnection technique based on Perfect Shuffle and
Kronecker product, we implemented the multiple-valued logic circuit based on RME. The proposed design method of multiple-valued RME
is simple and very efficient to reduce addition circuits and multiplication circuits as compared with other methods for same function
because of using matrix transform based on modular structures. The proposed design method of multiple-valued logic circuits is simple
and regular for wire routing and possess the properties of concurrency and modularity of array.

Key Words : Multiple-Valued Logic Circuits, Kronecker Product, Perfect Shuffle, Multiple-Valued Reed-Muller Expansions

1.M & 3dZ BA, 2v 2o AR HIAEA ALz
Aggolete TEAHY Ealol FHHsA Holow, o3
Reed-Muller #7l4(Reed-Muller Expansions; RME)<& EARL A7 e AaLdxe AR Wz =
sAE, LFAEH 53] LRANE AT JAPIAE T oM FHE Ze fatde RM AN g d3st g
Feo #d¥y Fss 7PHY 22 o8 BoldM AE 5] M YrH1-4].
2 AMREL Qlon, 8= CDMA A2gdA oF RM #A7M4& AND ¢4tz XOR 34he) Lutdlol] whaba
HIAZZA AREE R o o v J)se wgg 2

tol Ao HHdsrt vgdes Frteta, Fre 53 A =Edas FPGAS 22 44 <182

ha =2
oF oA B2 BT 4+ oW, RM A4
4;:

o

1 2 e sh=glol
w7b 92 Eobbm otk T o3 9¥sE WAS g Agse) guskn 420 48 5 Aok ndg pAl

2ol WA UFHAL Qe WAS AVEA, WA ¥ S pohe) A2 B RM D802 B4E S SIS, 6)
RM 2742 28 walgest 0A walgs wre §
T —— Aol ok A w20 g Weel 4
A8 AR da AFH LA 0 BEFS Azswd dadde R4 daAE @9
TS 96 58, s e 18 e AAY 2 U5 Jlvd 2o B f94E AT, o



108 FEMEIET =X A M14-AR RI2%(2007.4)

Hekdolh, a8y H&e RM AA4E Fed oM o
wsle RM A4 = gy 71 F71E W 27 =4
el A9 ox =@y A$ed o F438A4 1
sty a¥eE g dngde] oA w=Hded sy
RM A72& Axds7 93 A= A7)

oA =it n& W@ gueFe AAT Yangl8]

< Kronecker #& ©]&3td] QA I ZE8 dlF HAA
o] g Wy dugFol aAH A FAE 7R,
Heje] 37 WEgA §jE WFE FUlElRR °44°l e
&S Bt Zaitseva %[ 9]& ol A HE PFE ol &
o] oA =2geE Zdste dEgAe l&r’«]xﬁ*gi LR
e UHe 21]*10}3510“1 AAE x] =g3h4e] tak
T4 BHe o3 =g AAE zAlsEH oj8E F
N B Rahardja 511012 Reed-Muller A744)9] 4]
2913 2o 7.1]/\]-0}“ *HE$ adugEe AA s
Heow, As 533301 &% FHo] sia AAH

B4 AN gunHEF 7} g u gadely tﬂ

EX

7t F74etd At 34 5] F7hshe @3l stk

Stankovic %[11]& RMF(Reed-Muller Fourier) 704} 3}
GF(Galois Fields) E84el oyt M#gA g Hon, ©
F7F F7ksbE RMF A7hdel @ oA =el3zg 73
v o 23492 2tk Falkowski 5{121€ GFG)e
A RM ¥gg Atste ”””S A s G A E P
dH T FAZ st RM g9 2HEd A —351%
AbstE @A o] gt

ojgo] AAE FWEL A =29 FAHAN it

[‘O

)

3 shtel QasiAel Frkate BAgel glow, ol#d
AR AAsh] ekl osn A e =
s40 98 ¥z TRt RMEY 9@ oA =A@
94

=79 e Daviol[l317F A A& Perfect Shuffle 718
Kronecker & ©o]&38lY thx] =g g4 43
2 wylel idtd w=stged, tA =gy A&
A2 W e ol &35t b RM Aol ot 13} 2]
2 TFHEIEh AAE TR RM A e AA
ETEE 7Nle g 3t JHdss OI%O}UE =
g2 e} SABRE Fole W9 Endede Bt

o o

fa

oo oox R &

2. EH WY IR 82

21. ol-x-l i A

(1) Kronecker &

m)e B4 mo] Kronecker 52 AU 93 &
i Zo] xdE 4 gluHi3l

Fol 44

=M, QM Q- QMK M

- R n W

2 (DellM zol AEHE 26, 5)e 3ta, BE MY oA
EE m G, )8 33, ME (. q) FHelE 3tH &
g

m=1

206, 5)= T m, G 5,.) 2)

k=0

ANA ish e FRANY A£EL 2E 9 dHg

[Tm_p'“ 7T17T0]9'}— = ‘:“‘E-‘Cd [m 1977 7%]0“ 7—}24— E“
Sehe QY AHD i, 0% 29 dHQ
[jm—la"' 7j17j0]% ;%l\f]:}' Elc—% m7HSA] %OLJ OJ/\E 7LL

Kronecker 2 M9 m*} Kronecker Holg}t stz m~lo
2 Yehd

(2) Perfect Shuffle 71| A2

Shuffle 71®-& &9 (permutation: )24 A= <
ool ELZA (b, b)-Shuffle AHHZ 5 , 2 HehiH,
A by, b AR, ;9 & o &t IHPZE
& 8, , 0602 T3]

AdAE 5, & U 2o

1 ifj=i-o
8§50 1) = { )

0 otherwise

by

tio

Ay E 3 Shuffle 7)HAtololld £d8d
o5 2,

L S @

EEZE bbb | oA 336% Tddde E5dH
(b.bg | HOA 22 H B3t b, SHY (b, 5)-ShuffleZ
A Ed@Eh 9714 fbt £E b4 g Pojrt.

2 (49 FE (j,4) AELE A7) fiM 4 it
&5 [bz,bl,b]oﬂ tHo}O% [iyyiy2ig | 2 FolRITHR &

l

WE [b,,0,0 N [0, | 22 EED £ jol A
< ¢ F Atk 53, FEL A9 JGM 229E b9
E ALFENE LSB)E $302 @ 944 #8402 ¥
sk,

FAEE dgos FEPAL BEEZUE [p,,b WM B
gso] g3 b, 5 -Shuffle2 A FHE

uE
o
5
o
U)



Spvy Q) v Y]
Shuffle 7149} A+ ohedt 2o

@ by~ (St * (sz,bhbn)
= (szvblvbn) ) (sz,mbl) ®)

@ Spi= (5,5, K 1) - (4, 8,.) 9

22 GF(4)&tel 712 HolE HA

of elMe vA =elfd szAdAd Bag 6r(4)
29 712 A EE T-ACEE o|&sto AAT. thA
=232 =2 @2 H rR={0,1,2,3} o]k

(1) GF(4)’39) 7R E

A GFE™)AANA GF4)E p=20l1 m=2% A
Qolth aBEE @FU)AY d4AEL mA 7gdEA s
Fate o —z9) 71Fgel s 7 £ IvHI5L

P —r=zt—z
=z-(z—1)- @2+2+1) (10)

A A0dA Flekled o' +x 418 23 dEgaeln],
2’ +z+1=09 & 2& o 9 JFTFHL A A1
I 2.

Fla)=ad*+fi-a+f=0
o =fi-a+fo (11)

N W o -
jwo v~ o

[T N

Jw N - o

<

(a)

(a) 7Hite2

Reed-Muller Z7HAI0N o8t CHX| =2l2I22 F40l 2tst A7 109

A71A fi, fo € {0,1} o8} 2 ER GF4) 9 YiE <FE 1>
3} )

(H 1) GF(4)2| 4%

fira fo F(z) Symbol
0« 0 0 0
0« 1 1 1
1-a 0 o 2
1.« 1 a+1 3

a82E <E 1>AAM GF4)8 94E {0,1,0,a+1}9]
o3t gr4)9 7HEE7E <E 2>9F 2

(B 2 GF4)9] T1tE

X

w|o|— || P
Wi | —jo] <
wlw|o|[—] ~
~lolw o] e
ol |rofw| w

T-ACEE o]§3ld cr(4)9 7MIEQ <X 2>& Ad
st ZHHE R (29 D 2o (28 DY (@ T-A°
Ed 9%t cr(4)9 7HEs2ela, (1Y 1Y (he M3
29 7130}

g cr4)e] AR E <¥ >3 2ok

(E 3 Gr4)9 stiE

x
. 0 1 2 3
0 0 0 0 0
1 0 1 2 3
Yy 2 0 2 3 1
3 0 3 1 2
X
{b)

(32 1) T-HO|E0| 25t GF(4)2 Ktz

(b) 71&



10 HEMEIEZ=E X A R14-AT R2=(2007.4)

T-AEE o)&ad Gr4)d $389 <F S
ke s 27 (29 29 24 (29 2)9 (F T-
Ed 93 gr4)9 $AgR)Z (28 29 (e =
Z9] )30t}

3. Chx| =2l g9 M

o] M 2%0A M&Ed FIH WAL o] 8
Reed-Muller Z7HAe] ojg thx] =ej32e] AAd dist
o =3k WA, x =d859 Perfect Shuffle 717}
Kronecker ##¢ 435 #ANS =3ta, olF o] &3t
Reed-Muller A7H2lel o x| =2l329 4AE T4
Fig=

3.1, cix| =algts
o| A
mife #BE M9 Kronecker ¥<
o] xR

2| Perfect Shuffle 7%} Kronecker &2t

S 77 39 e g

Z= M QMR - QMR M,

Kronecker &2 mEgA o] AR ¢on=w Perfect
Shuffle 71 & ol &3std WY S JEAZ & 3t

(42 1] 42 ALNT 47 (e)- 22 G,
Bgeld g3t 2ok

¢)-

M) ® (A_:(%)_IMA.” -5, (13)

0
®k§le= [Srl,,(n--»rm’l). My R (Sryryr—vy + (M R X
(Sr,,,—f.’,r,,,-—l * (M, ®]V C Lo, —2° S -
0 0
2 1
L
3 2
| s 0 0
- 1
2
0 3
L
2
3 ¥

S
0>
S
Job -
H]] N

-

S( M ‘g(c,,,—l'" o )1% ] (14)

C”l_l T C” )vcl
A7 5 % s 8 QHIER REHE ()

-Shuffles} (rj, cj)—ShufﬂeO].Tl, o rj9—]— G, cj§ zyzy 3
Ee} g WHo|y, 4 5= {0,1,2,- ,m—1}o|T}.

(53] 8ol (,y)-AEAS AR 3o

L= Ty v T +zk9+ Y= cj-i-yk]‘qL 3t FHSE (z,y,)-
E]% 1k(xk,yk)- nk(xk,ykJ)O]EI'. FEo A 5L A
g 5957 A8l | @ v @ @ )2 2 Bn ¢

39 (@u)-AEAE 1-r=w, g o= 22 D 4
197 2ol BUFez Bra,

w—1z—1

Y5 (zu) - Pluw) - 8, W) (15)

T T
u=0v=0 '

FAZ v 92 @& v e

ASyrj,r,(‘,ljlc’ U)= 1
}l]l (3)01] 9]3H u"& I, = U- O'(T]-,T'i)i ‘zr‘oﬂ(lq‘ éa
U=z, - a(ri,rj)z T, - ri+zk‘°lq‘.

SR PEE L) B B2 Ve aw
S, (Viy)=1
A Qe dd v=y, - oleig)=y, ¢ tyolth YRR

A (15)914 001 o}w G POVIE nloy,) - mla,y) %

ek FAHE 5 (4% 39% & Yok

Kronecker %< 4uh d#Fog WHsto] Astsid &
At o] 7+AFEE Kronecker & FPFOoR

(b)

-HIOIEO ol GF(4)2 Sbt3|2

(b) 712



Aste Qe PHe A Yot ot of FHe #FA
2 ¢ B3} Kronecker #2002 o]F oAt}

(4= 2] BB M7 rc)-B B0l et 2

o[ brlor-sfhaln o

2 1. @[ @ M) ©5= g [0 ®[ & ]| 5 4D

® 1 ®((§"§> M @1 = 0, @5, ®(®1»1)] (18)
CU, &)

ATVA g6, € (01,2, m— 1} 01T}

[379] @2 4 4P QN el 7 & gatel

||
3
[

@= (pk.'ri’Pk,'ci)_sgeé [p‘,®( = A (14

gdsel 78 &

0
X M,
k=m-1

@€ 4 Apdl A Dg 2ol 7 4 ok

o 42 Q5 Talsel T & Ak
<Q.ED>

2] 12 Perfect Shuffle 7158-& ©143lo] Kronecker <] 1
0
FAAS AEA7IH, A 22 32 (X) M, & Perfect Shuffle
k=m-1
719l o3 tiekslAl EEE 4 ASE viehdoh Ael 2004

Foz 3|2AAd

Kronecker &2 dAxtdAdA $ite7t F71gez 3
TN sz Frrg) ol& sjAstr] 93 e
Kronecker #& fEFo2 wgsty Qibstwd $437 0]
ZAageh doe Bdn Gy gl Ay 28 o
£3to] Kronecker §& Sl E3lgto s fdF o Altol

7hssteh

i

(39 31 x€{0,1,2,-m—132 £zt & W (r,¢)-
B8 M9 Kronecker ¥9 ATE3= vh23 2t

Reed-Muller H7HAON 2Bt CHAl =2IF 22 FA0 &st 937 111

0
%:H(p—l p+l®M®IpA1

1 i=k-X

é) ) (20)

k

A QA B k- Xz - XOH p=rolL k- X<i-X

ol® p, = oIt}

gl A (2009 #HF FA M7t 2 FY k- x 9l
el =& 242k Kronecker A5 ME m/He] A4E9
FYE PE FA 4 QDR A gt

][m—l—k-X] Mc .J[kvX] (21)

A 32 dgPd 9 Kronecker ¢ &AL o]
23k Kronecker #& 4 Eaigtoz oyt gagow
EH3i

32. Ctal =g|ahrel Asoid gy

FEA QR )M A YAES ZeE mEs p
9l M9 Kronecker woll W@ d4E3d AF 3& oA
29 o3 2

éﬂlk: ﬁ(p—l p+1®M® (p*—1--

k=m—1 j=k- X

) 22

%712 293 87) fake e ol ey,

r= 11 » (23)
J=0g=i
131Ui Al (22)& r,]. J,} 7L1;],

X

M= _J.:[ [SPup. (2, @ M) ] 24)

i=m—1 i -1

}4 (24)E %% Bj‘ 1[pm 1’pm 2" 7p1’p()] oﬂ}\i ?Jgj‘v B—‘!E']
[z o] 7F FAAR (1, ) M) %A
of s 4 (24)9 #Z A vehb= Kronecker &

o

£ o oax pR
>
ol

48S diAlsE, 2 47 HEde A a3
& 5 HelA sH4¥H. o dae AE Shuffled
Spp0l Sd AR A& £3 old o =49 AXs
ot EF EE ¥ ME EF HEHI} pojz=



112 FEM2ED=EX A M14-AF H235(2007.4)

A E AEAR B0 AzlH YT, ZE A
2 wr BURBE A Q) &3 Lol el 4 9ok

M= [SP[""I',P ' (IP"”"] ® M)]m (25)
w3 4 (25)9 FYF 32 & Kronecker & 9419 32

© 4 A7) "ol 4 (189& 4 @294 st

é ﬁ (T @ M Q) L) (26)

i=m-—1

21 (26)8] $= 3o A (25)EF diistd A 97 2l
80 1= T (e @ 5,) U s @ M) (s ® 5, ) 2D)
okl A f?} Perfect Shuffle 7] ® Kronecker

2 i
e L
W 1o

dAE TEA GFE™)EY BA AaAE
3594 ”J“éc’ﬂ EH‘?} d& ¥ t53% 2

(] p=20131 ;=290 GrE)4el A=
< A @D fste] Aibstd ot 2

] - =] FA

® M= ®M My (K M,
- z=I§I—1(12:2""' ® S‘l"‘ﬂ) ’ (12"“7 ® M) : (12”"”’ ® 52.2"")
v (B QM) - S (1, ) My) (28)

2 (299 9Jste] 712 A Fzadstd (29 3)3% Zoh

33. cix| =2letse 3|2MA

o] AolME & AA =3 Perfect Shuffle 7]% 7} Kronecker
#& ol §3t9 ©X Reed-Muller Ao g tix] =d
2o HAE =3

x(0,0)— - == F(0,0)
M(1,0) | M(0,0)

x(0,1) ‘ F(O,1)

x(1,0) — F(1,0)

x(1,1) — F(L1)

(38 3) GR2)MIM &3 dEHE

(1) 4* Reed-Muller A7) i]i*éﬂl
GF(p™ )4l pA n¥s 3

9]
&
Aoz 2] (29)9 Zo] FEHE

4
X2
v l‘

A7NA ¢ € GFp)oln 2 7E WE 10 i Y &5
(power)o} T}

2 (29l A p=4 ©YdH Reed-Muller A2 0] t}e
T Zth

4-1

F(z)= ZZ%CZ- o

= P * 2D, ¢ XD o 2P (30)

Aq7A ¢,z € GF4)olx, i={0,1,2,3}°|th
2 (301 4% @4 Reed-Muller 71419 A5 ¢;
o) MgASF d, & 759 4 3D 2o

=cyPc; DBy
F2)=dy=cy®2 ;P33 c,PBc,y
C(]693 . 61692 . CZ®C3 (31)

A71M ¢, d; € GF(4)0lch. HEATE tato] PP
Uehdd 4 (32)¢F 2t

Zo 1000 Co
vl (1111, e
4 |=| 1231 o 32)
d, 1321 e
A (328 7 A FEstE A (33)9 Zot
[d] = [M] « [c] (33)

4 (RN WERE M Fde Auggen
@50 4 (395 2ok

(34)

=
W= O
MW= O
e

2] (33)ZH-El Reed-Muller ANA2 AF ¢F 4 (35)
of o] F =8 4 o



[e]= [M7'] o [d] = [T] + [d] (35)

2 (3)elA HuEPF T= M 'o] 4 (36)% 2t

¢y =dy

c=d, D3 » dy D2 » dy

C=d, B2 « d,P3 « dy

¢ =dyBd, Bd, Dd; (36)

>,

2 (3 FEAez st 4 @NFH 2o

C 1000 30
c 0132
c; “lo123]"° d; (37)
¢ 1111 d
A (3Ne kA A 4 (38)7 2t
()] = [T] » [d;] (38)

™

1 3l guggd T PG HelA Ferddes

il

1000
0132
T=|015%3 (39)
1111
(¥ DY GF@4)9 sRislzs (29 2)9 GF(4)9
SABEE A3l 4% Reed-Muller A71219] wigls)d
M3 SRggE 7o 93 4 (23 4 @Ne Adshe
1R AL pAsE (29 99 2o (¥ 99 (e 4A
Reed-Muller AN 2] A4 ¢, & olg3te] WAL d,E

Reed-Muller ZI7HAI0 28t CHA =212 To] &St o7 113

d¥ete 718 doja, (2¥ 49
TE 4d3ts 7|2 Aol

(2) 4% 294 Reed-Muller 7149 3247
4% 2984 Reed-Muller AL 4 (29)0] 94 o}&
I o] Jehd £ gt

2 3
Fzy,39) = B » 2oy » 0By » 5By » 2P + 217
i By e ey D ey ¢+ rixk

z$a) (40)

Do » 012iDe; » 1,2l Doy

Doy > TEpBey » al Boy » wiz ey » wiT Sy -
A 7|M ¢, 2,5 € GF4)°] T}
2 (40)ol A 4% 2¥14 Reed-Muller M|l Wl
M A (34)] M& Kronecker #3te] 4 (413 ol T+

T % Atk
i 0 0
271 M prtl ML gt m

1_:01'4= M 9. g a6 gt
M[il 3. Mt 2. M[i] M[i]

w3 duigegd 77 4 (39)¢ 7% Kronecker #3}

7 01 0 A il
2—-1
0o TH3.76a. T
QDL =| o 70 g. 70 3. 7l (42)

7l k- k] il

A (DA 285l Beelmg M= M QMol1, 4
(42e T= T Tolth 4 dD# 4 @2)& ¢ @_oﬂﬁ =
3 Perfect Shuffle 783 Kronecker &) 9% 4 @nN<&
o] g3t WMWY Mg Aistd 4 (43)7 2

(b)

(g H oz A

0 i 2 3
| | |
d
c, ; d,
[
c, " d,
c, —d,
C, + —d,
(a)
(a) HERNH Mo 5|2

(b) Amsialy 79| 52



114 HEM2ES =X A M14-AR HM25(2007.4)

d(0,0) —] ¢(0,0)

M—1@ M = MM, 4(0,1) —] ; ; c(0,1)

4(0.2) — T(0,0) M T(1,0) [! (0.2)
H (Lo  ®8p,) « Tpa®M) » (Lp 1 a®.8, )] d(0,3) — ¢(0,3)
i=2-1 eea —
d(1,0) —| ¢(1,0)
= SLJ . ([4®A/II) M 51,4 . (L@M) (43) d(1,1) —| ; c(1,1)
da,2y— T e ¢(1,2)
, X ! ,

2] (43)e ojsld Ade Fz2rk (¥ s 2ok (2™ a3 —____ o] e(l,3)
be] Z 7|8 A9 LH—‘?—EI:?—_% GF(4)739] 7iitsl 2t 54 d(2,0) — , €(2,0)
Azel ols) 4de (I8 39 @) /1€ A A=sk R T T vom | ra | Ca)

TT/\}‘?E)_' HLBJ.Q_E eI'feCt Shufﬂe 7]‘:""’]' Kronecker T‘:Toﬂ d(2:3)— I H 0(2”3)

5 ] Kl ol =] 2 AAlszlH e FEE
ofg & 2N& ol&ste dwsygd 75 AMNIH o 4(3.0) — ' (3.0
kdgay d(3,1) — i 1 c(3,1)

T(0,3) | T(1,3)
d(3,2) — g ¢(3,2)
2—-1
=T ®T. d(3,3) c(3.3)
i=0
a (1% 6) 285 4X] RM EIHAle] deists|2 o A3
= 10U ®8p0) ¢« (Lpw®T1) o (Lp i ® S, )]
i=0
= (LOT) « Su* (LAT) » 5.4 (44) 2 (44)el olste] ¥ =2yt (2¥ ey 2o (oY
6)e] Z4+ 712 Ao PEINZE GF()3Y 7Pt R e $4t

£(0,0) 40,0 g3 o8 A¥E (T¥ 39 (a9 712 Ao 329} 7o)

e(0.1) M(1,0) } M(0,0) (0.1

¢(0,2) ! : d(0,2)

¢(0,3) L d(0,3) 4 Hu % HE

c(1,0) h—d (1,0) B} N _ .

c(1,1) L d(1,1) o] FoMz A A =2 E € d79 =9

e(1,2) e "eU L a1,2) W @EGon HIEI} <F 4>9% o <E 5>E p=4

e(1,3) ] 4(1.3) oj3 m=2¢9 AL 7R A2 E wwd Folo

"(22"1)) 7 c:l(22,0) R 5>0 A9} o] AAIG thA] Reed-Muller H7i40] 2]

ZEZ,Z)) mi1,2) || M(0,2) d((2 ’2]; 3tz =g3Ee Yang[8]9] A gpaZd o3 f$Y

€(2,3) L 4(2,3) HE W S5z 2 M2 = FUsy Yang

¢(3,0) h :—d(3,0) 9o e HA2HE T Yo ®WEr FUF F4E

c(3,1) s | o 42D A 287} o] ALgETh Rahardja[12]4 WO SALEE

RE8 J | Em’z) b ERAA AN PHRY A2 I S

¢3:3) 463 3, S EE o 382 Z7180h Rahardjas) WEe wWe

(22! 5) 4X| 2 RM FIAlo| HElEIR AS 7} kel Fze 4Rt FA3] Svkske el 9
(E 4> CHX| Reed-Muller 7HAle| CHX| =2|829| H|IHE
3w ARAN Yangls] Rahardja[10] Stankovict11) s
* TR ane s GF RMF Hag awayd
- - 3 T
ERLE Pz dmepn Tt g meET) o e g | dme ™| A p7
& m B 7~ 5 it
7HtE =2 p"(p"—1)) m - p" ! E(lﬁm - P") Tm-p™ ) Tm-p™ ! Tm - p™ ! Tm - p™ !
d 7 ~H p™ (p™ + 2) p" - - - - -
(¥ 5 p=40{1 m =29| C}X| Reed-Muller ZI{A2] H|LE
E A Yang(8] Rahardial10] Stankovicl 11 i
= A ane e GF RMF sy augya
e 256 32 % 64 32 32 32
7hatsz 240 56 160 5% 56 56 56
# 7| 2 ¥ 288 16 - - - -




o}, Stankovic[l11¢] W& GFo 2% $dzE 26z
718, JEEE B9 2A4E Ro|n, RMFE A
A% da 5% A3E "ol

2322 thA Reed-Muller A7|2e] 98 oz =23

29 A E B =Fo] AAFddN thh S,
Auge HedME $535tch A A3 Reed-Muller A 704
o 23 gx =gz JMAAR Adel FAA, UA,
Wlde] REAY WE 529 5E4E sMA

)

5 4 E

B =& ME A Reed-Muller 4o & t}hx 3=
23129 T4 B ¢ 7 WS AASATE WA,
Perfect Shuffle 7183} Kronecker &oll 3+ thx =234
of 98y Zdo AzdZE Ui sty =39z
GF(4)9] 7}3329 A3 EE o]48le] A Reed-
Muller Z744e WHgPdn JH@PE L APste 72
AL AN o 7B AE3) Perfect Shuffle®}t Kronecker
Tl o Y& H3dF WEE o489 A Reed-
Muller A4l ¢gh chA] %f‘lﬂi—g THsAT AA "
3] Reed-Muller A7124]e] HAYE L BEFLRE 7|5t
2 3t P4 WEsnz A g thslel el dya
Hlaste] tdsln 2] Tt 2 e SAtgRE Eoled
w9 g aH ot

E =RoN AN F8A cF@’) 3 A Reed-
Muller ZA72lol ojgt Wgsgda
Yangd] WHs} A4tz 47

7t Frbstd AR 28t SHe
3} Rahardja 5¢ “'o“ﬂl"?_q ﬂ’&ﬂiﬂ F7F oF 3wz 7
239, Stankovic 59 ¥ EE}{— S48 20 7} ok 2u)
2 Ay, 7}**§1i4 T SY3ER olgo] AAIE
dueFrR 47k 43

2 =RoA AAIS A Reed-Muller A7i2o] 23 o}
A =R AAAE Ade] A, 0d4, wide &
549 ¥ 539 EAE M2z Az 4dd 4%
sttt w3 AAsE X =ygse Hagd g o
gate] AsAe et AT RopolA EWF AE 23

At We BFHY 1488 nxat 44 2FY 2 2

_,d
Lol g,

Ao olguE AR AFEHY UAd 4L b
3.
#2238

(1] S. L. Hurst, “Multiple-Valued Logic - Its Status and Future,”
IEEE Trans. Comput., Vol. C-30, No. 9, pp.619-634, Sept.
1981.

[21 ]. S. Lee and L. E. Miller, CDMA Systems Engineering
Handbook, Artech House, Boston, 1998.

Reed-Muller F7HAIGN Qfst CHAl =2lglRol 740 st 37 115

[3] D. Jankovic and Claudio Moraga, “Optimization of GF(4)
Expressions Using the Extended Dual Polarity Property,”
Proc. of 33rd International Symposium on Multiple-Valued
Logic, Tokyo, Japan, pp.50-55, May 2003.

[4] B. J. Falkowski and Cheng Fu, “Polynomial Expansions over
GF(3) based on Fastest Transformation,” Proc. of 33rd
International Symposium on Multiple-Valued Logic, Tokyo,
Japan, pp.40-45, May 2003.

[5] D. Jankovic, R. S. Stankovic and R. Drechsler, “Efficient
Calculation of Fixed-Polarity Polynomial Expressions for
Multiple-Valued Logic Functions,” Proc of 3ond International
Symposium on Multiple-Valued Logic, Boston, Massachusetts,
USA, pp.76-82, May 2002.

[6] B. J. Falkowski, C. C. Lozano and S. Rahardja, “Spectra
Generation for Fixed-Polarity Reed-Muller Transform over
GF(5),” Proc. of 3th International Symposium on Multiple-
Valued Logic, Toronto, Canada, pp.177-1183, May 2004.

[71 B. ]. Falkowski, C. C. Lozano and S. Rahardja, “Fast
Optimization of Fixed-Polarity Reed-Muller Expansions
over GF(5),” Proc. of Hth International Symposium on
Muitiple-Valued Logic, Toronto, Canada, pp.162-167, May
2004.

[8] F. Yang, “Fast Synthesis of Q-valued Functions Based on
Modulo Algebra Expansions” Proc o 16th International
Symposium on Multiple-Valued Logic,, Virginia, USA,
pp.36-41, May 1986.

[9] E. N. Zaitseva, T. G. Kalganova, and E. G. Kochergov,
“Logical not Polynomial Forms to represent Multiple-
Valued Functions,” Proc. of 26th International Symposium
on Multiple-Valued Logic, Santiago de Compostela, Spain,
pp.302-307, May 1996

[10} S. Rahardja and B. J. Falkowski, “A New Algorithm to
Compute Quarternary Reed-Muller Expansions,” Proc. of
30th International Symposium on Multiple-Valued Logic,
Portland, Oregon, pp.153-158, May 2000

[11] R. S. Stankovic, C. Moraga and J. Astola, “Derivatives
for Multiple-Valued Functions Induced by Galois Field and
Reed-Muller-Fourier Expressions,” Proc o Mth International
Symposium on Multiple-Valued Logic, Toronto, Canada,
pp.184~189, May 2004.

[12] B. J. Falkowski, C. C. Lozano and S. Rahardja, “Calculation
of best fixed polarity Reed-Muller transform over GF(5),”
IEICE Electronics Express, Vol 1, No5, pp.92-97, June, 2004.

[13] M. Davio, “Kronecker Products and Shuffle Algebra,” IEEE
Trans. Comput., Vol. C-30, No. 2, pp.116-125, Feb. 1981.

[14] A. N. Al-Rabadi, “Quantum Circuit Synthesis Using Classes
of GF(3) Reversilbe Fast Spectral Transforms,“ Proc. of Mth
International Symposium on Multiple-Valued Logic, Toronto,
Canada, pp.87-93, May 2004.

[15] R. Lidl, H. Niederreiter, and P. M. Cohn, Finite Fields,
Addison-Wesley Publishing Co., MA, USA, 1983.



116 22X =2X A W14-AZ K25 (2007.4)

M8 4
e-mail : hkseong@sangji.ac.kr
1982 A3hehtar W 2p-Fs(F A,
1984 Jst st gkl
HAZ EH(F T AL
1991d Jsti st gk
A A5 3 (F AL,
20059 ~20063 ©]=r Naval Postgraduate School ®3u 4
199169 ~d A FAdE e AFHALIT ST us
F4} FofF : Multiple-Valued Logic Design, Information &
Coding Theory, Cryptography Theory & Security,
RFID 44 2 $4& %




