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over Finite Fields
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ABSTRACT

This paper presents a method of constructing the Linear Digital Switching Function(LDSF) over finite fields. The proposed method is as
following. First of all, we extract the input/output relationship of linear characteristics for the given digital switching functions, Next, we
convert the input/output relationship to Directed Cyclic Graph(DCG) using basic gates adder and coefficient multiplier that are defined by
mathematical properties in finite fields. Also, we propose the new factorization method for matrix characteristics equation that represent the
relationship of the inputfoutput characteristics. The proposed method have properties of generalization and regularity. Also, the proposed
method is possible to any prime number multiplication expression.
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Fig. 1. An adder and the coefficient multiplier which
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Fig. 2. The DCG of table 1.

of71A, 9 129 MG 2 ) AR A&
Abole] A ]?% b= 322 A8 98 oe
2> gHAENLTAA JA) i FY g Wag.

&
2

7}

EEREEEFEE P

3 4 (zero matrix) = ol &

o2 3 F (unit matrix) = 4

Fydoint.

T 9 1929 H$9 DCGA A &4 ==B,C,D,E
st ds Alolo ARBAE =&3HEB=C,5C=
§B=D,8D=8§B=E,8E=5'B=Bo|t}. oluj, 77} o] 1
EE52 5y 8ol AW (column vector)o] Th, whEhA,
SEddEE gPAx opr),

QED.

4298902 YE ING LA ES H2 47

B AN E madd 98402 ¥ 43 48y
AR N 20e ddshs PR AtaT, o 5

2203



e U BB A SRR A2 ARE

o] 6E=6'B=BQ) AH#AAE & 4(3)F Zol A B
d &4 9l
§B=Be(5“E)B=0 3
o714, B @8 Eoln o d8Eot, Fi e
= #g5} 93] £X9Y e vehE 7150t}
gl 9 AE3)S o @)t 2o) AsEH & 5
Rom =y ol ol BE 9A) g Hoj o}
o2 g AG)7 A Faof st
(6“-E)B=(6-E)(6*+5*+5+E)B=0 @)
§+8+85+E=0 5)

g Aol A A 1{ao,a1,a2]L 2227 9t

2 2ol 48 Rt el E S GE) §1E o 4
(O R i
00 2
C= (1 0 2 (6)
012

2eEe Aot E TEYT 13 ToE e
AN 2.

002
=(102J Q)
012

R EEERIOEELEEERERER B
38N A AL GalosA Yol A9 8719 ASEA
719 71 AN EE AHg o] HYTAD A 20
A5 ohe 1939 2ok

x2 i . ) y2
2 p
R D () B R

38 3 A7)0l List MELC|IXIE =2 Al A” S 3|24
Fig. 3. The logic design of linear digital logic systems
for expression (7)

2204

43. FEEPYAA & A Elstd gAE 2~ 9
A4 247

FAAF7E RN B4, 018 A ARl &
HAog A & gle P o3l =@t o5
Fo1 A9 T 4®)F 2ol A dsE80 7} 7Hs e

ot.
§+6%+5+E=(6+E)(§+E)=0 )

9 A(®)& (§+E)=0, (6+E)=p, = (6+E) % (6+E)9)
270 gho] BE 9l 2L TE ) okstS o) u] s o] 1)
£ Aoz g8 o 299 2ok

{(+E)=0} U{(5+E)=0} U{(#E)N(E+E)=01]  (9)

%, 9] A9y &2 o) 3o 9
o YT =g 2dE AAg ¢
t}. o37)4, 6+E=<] 2733 gHEse g, 2+13=q>ﬂ
Z27& U5 P § GaloisH GEG3)4e

2 831 C=), Cor(0 2ol

Gepx, gH g g=(01 o )% e 4107 2T
02

2
§=( 02} (10)
10

oo tigt AFUANEANAGFI A= e
1949} At

2

x1 ‘% B vl
x2 ; y2

x3 J\g\ g—‘ y3
L

I8 4 dECiX|E =2l Ade] gl2dH
Fig. 4. The logic design of linear digital logic
systems




R R P REREEREECE L

o}
=2
@ 5
>
>
o
1o
R’
rL
0ol
X
i
Peoox

ok
Ir

in
2o 7

2. | =4
=2 2 —_=
ac8 e B WS =
SEg e g

j=)

B 479 mE52 3x1

'S
N
o=
O
o2
e
o S o

o Wty W
)

we o
i3

£ 4 & o=

i)

g
i, 'S i
: (F8)

X

(98]

o

o

o

N
-

8 =EEL YA Eo|H Fol §J&Y A}
FAE NG =28 7R T 9l em 1 7b7}9
Al ool stng Zzte] WE B2 M2 51
# o] o] of ghr}

Galois#| GF(3) Lol A 3TIAEE 2t 3x] 9HEE
2 {(0,0,0), (0,0,1), (0,02), ..., (22,2} 277401 o] &
F FolX Y& Alolo ABBAEAS HEsle B
e = 93 (1,0,0), (0,1,0), (0,0,1), 2,2,2)] 47 o] r
YEE Abol o] ATJHAT o] Alo]Z o] B R o] & 47)
G FACES YR w0 &8 FH Hrh

T (1,002 Bel, 0,1,00& Col, 0,0,1)& Do,
(222)% Eol| &3 9 o5 A1) 2ok

N
4:

o]

L
re
rL

o

[o)

r
fot
i
rlo

002y (L 0
=102 |0|=|1]|-¢
012/ \9 0
00 2Y (0 0
6c=|{102]| |1|=|0|=D
012/ \0 1
002y (0 2
D= |10 2| |0|=|2]-E
012/ \1 2
002y (2 1
6E=(1 0 2] (2} =(o]=c ay
012/ \2 0
mteb, 91 (1DE FETE REFTE TS A1)

o &k

J (12)

OO
—0 O
D DS DO

%, &8 Alojy ABAAERE &= Y
& T35 A8 69 474 EES =g i
2488 9tk

wEh ] 4R w2ef g 2 3UA DS T
i Adet] T8 F Ut A HEE EWE A4 =
=8-g ¢3sid o Fo9F 39 #rl

E 2 Aol tE 2ssE
The

Table 2. code assignment of expression (6)

Xi B D

C
X1 10
1
0

X2 0
X3 0

—_ O =
Do o m

E 3 Aol chst m=ste
Table 3. The code assignment of expression (11)

Xi BC DE

X1 0000
X2 0201
X3 1020

VI 28

shA| o] ~8tA AT g Zol&
bl AT AR 29 R B4 T
e Gl g AT
Yol THE 5 A9
Nrgas Hed &
Aol sk, Foi71 2l o]
Kpole) edmaAol o
CGi TA] 3% o2 RE
. ol 9297342 A
o2 olsEsfsle] 1 dx
oy 43 43
Ho2 FAY 5 9o
SR EEERTRERT
O 2L 4TS VY 5 3Tk 2D, R
e A 259 3] 274 2 Galois A GEP)W ol A 3 &)
€ 7R AFFA7IE AHESte] SolatA 24 &

lo fn
o2
2,
PNHU%W
4 <2 Zo
°>'?ol

N

U 2 ox
-
1o rlr

ke
2]
Oﬂom rok

U 1o o fo
oh
o I
e 1l
B _Ilm

o = B %
o & = &
I
o do
oy

Iy

X
12,
L.ﬂ."llfﬂﬁl

"

ot e
_|>' 2 o il
)

H

|
fuoNe P ol
e o me g

r‘gl
=

dlo
2
o

&nﬁ“

2205



o

SR YA REATE =] A 12Y A2

T Atk B =Fo A Akt whg el th g of £ Galois
A GER) Bl M TH3 A e Y2} 25 P GRP)Y
AT g4 Ag" FologHdARET FF

AT
AzAE, & e 85 24 u}%‘—fa IiEEd
ke o

iﬂl*ﬂ @T?Hoﬂ rHvJ A77t a%zau}

IEs

—

i

[1] SMitra, N.R.Saxena, and E.J.McCluskey, Efficient
Design diversity Estimation for Combinational
Circuits,” IEEE Trans. on Computers, pp.1483-1492,
Vol.53, No.11, Nov. 2004.

[2] Lathi, Linear Systems and Signals, 2/E, Oxford, 2004.

[3] Kleitz, Digital Electronics: A Practical Approach, 8/E,
Prentice-Hall, 2005.

[4] RE Bryant,"Graph-Based Algorithms for Boolean
Function manipulations,” IEEE Trans. Comput.,
vol.C-35, no.8, pp.677-691, Aug. 1986.

[5] Yung-Te Lai and Sarma Sastry, "Edge-Valued Binary
Decision Diagrams for Multi-Level Hierarchical
Verification” 29th ACM/IEEE Design Automation
Conference, pp.608-613, 1992.

[6] Chun-Myoung, Park etc,”A Study on the Circuit
Minimization Technique using Edge-Valued Decision
Diagram,” ITC-CSCC’97, vol2 pp.943-946, Naha,
Okinawa, Japan, 14~16 July, 1997.

[7] M Nakajima and MKameyama,"Design of Highly
Parallel Linear Digital System for ULSI Processors”,
IEICE Trans, VolLE76-C, No.7, pp.1119-1125, July,
1993.

[8]R.Gould, Graph Theory, The Bejamin/Cummings
Publishing Company, Inc., 1988.

[91 D.B.West, Introduction to Graph Theory, Prentice-hall,
1996.

2206

KR4

A28 10%

i



