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The Fuzzy Inference System Using MacLaurin Series Expansions of
Symbolic Multiple Valued Logic Functions
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ABSTRACT

In this paper, with the expanding Boolean functions to symbolic multiple valued logic functions, we analyze

structural properties of MacLaurin series expansion for symbolic multiple valued logic functions based on Modu-

lus-M system. And, we propose automatic fuzzy rule generation mechanism that is mapped it from state tragsition

of symbolic multiple valued variable, also, we propose design method of fuzzy inference system that can be adapted

to dynamic state transition by combining these theories and properties with traditional fuzzy inference mechanism.

I.M B

Boole 33 429 M7} 03 1o] 2t o AgS
AWM B3 AAE YA 5 A=E 749 #d
olu W] g4 HFLI0, 1] 4] Joo] e
Ze WS ER 748 & gdth old diF )

*FEAMEY WS FAA G AR TR
Faculty of Electronic & Information Engineering, Catholic
Univ. of Taegu-Hyosung

3 g4 =32 #§4, Boole 457} Modulo-2 ¥} 2] o]
231 & o, 1A =g & Modulo-M ¥4 o2 AF
Zo dated wleld ¢l F FElE 0, 1247 old a, b
ge 7132 JeEld $ e Jleg By ol g@
A =@ E 52 A 40 gHe e 84x2
A 71% a, b, ¢, -+, m& AMEFIR, o] B2 ¥ W
Yoz gt /1% oA =2 F, 713 X 3A 3
T8 F7+ 9 N3@e Hdte E oA dez
B =g shite] 713 o] =8 & £83
Al ©THL, 8-10].



oA 4 A A 2983 =EX 1996 Vol. 6, No. 4.

w}2} 4] Boole 3427} Modulus-2 ¥4 o]} 5. & of,
712 A =8 g 713 A I st gt £
FLFREE A 715 X =8 E Modulus-M
W o2 AN 4 Arks-10]

A A4 R Aee F2 AL o] &t
B 71&% MEE 33 AvH4] AH FE A
7Z1gdA F8o] 2x A = vgE FA7 o
ol 540 g A&FA Fr At ok
EAZE ITH7). &H 4, #A] AR A g 5t Md
Hi e A" ES 54 ¥y #A FEE 1E
22 AFgdte st=dolst T doE o83ty
HA AP it 71EE LoldtA g AZES st
Utk 22, Y-S Fopoll S&H AiME A
MEE e t=doe Sxrt FA=HY FdA
o] & 3ttte @4 o} st

g Fe] 98 AHE XA X'2 W3 S o
I el 9] ¥M3HE Boole ¥4 9] HulREoz A3
Ao et 715 oA =7 o] Hie & Wy
o] Fei7t adl A ¢ FLE HEYL W ¥ FH
H3lg el Aoz Aot

B E=Fd A& Boole &< w9 7de &3l
o F8 vz =249 7135 tA] =8 gl g
= A 71&, AR E st AF S uge 2[5-6]
71% ] =2 ¥ MacLaurin F7) 2 2 44&
e4SA oleie ¥AS Ba A oA =g @
Fol AMdE B3R A S A A4t 448 E HA
FHozyE Ao} A% E Aust FHoT Wa
v &8 499AM dH4E AF FEY F IE FE
718E AU & T3 U AH. |2 FE F
A A=A AR Ao 4EL HHoaso HA J
B 2 ARE FYFH o T3 {FAEA AT
T SlE 2ZEd] ML A B A e #HA
AT A 2502 HFY 5 Ue =0y A
whol] Fg A 3kA 82 Zolth

I.21% x| =2| g2 43
21712 X2

B =EAE WA H-M(Modulus-M)d] #3§ 7]
& ALEHS oS3 o] A o] jhri9-11].

(DA®B=AOB
(QASGB=A®(-)B
(3)A +B=max(A, B)
(4)A - B=min(A, B)
(5)A’=PSA (P=MGC1)
(6)32= P (ax<X<p)
0 (a>X or f<X)
22715 ChX| =2 ti
715 oA = o] AdE kg3 ZrHo-11)
abaa aa aa ab ab aa
(NXX=X, X+X GIfX>X)
ab ab ab ab ab ab
2)X-X=X X+X=X
ab aa aa ab aa ab aa aa ab ab
B)X: - X=X-X=X X+X=X+X=X

a  ac ab aa ac

ab a;
WX-X-XN=X-X)-X

ab aa  ac ab aa ac

X+X+X=X+X) +X

ab ab be ab ab ab be ab
BX - X+X=X, X+X-X=X
(6) De Morgan®] 4 g}

ab b E be

X+X= X

ab  be ab

XXX+X

(&, I={a, b, c, d}? %)

(7)x-x={ }=¢

ab E

X+X=1

23715 Chx| =2 g5ol Hate) NF
Bee 715 oA el B4 Wkl 4de te
3} zko] A &) &THo-11].

(I Xi(a, b) =" Xi(b, a)

(D f? Xi(a, b)-Xi(c, d)=f2 X(c, d)-Xi(a, b)

(3)f*(Xi(a, b))-(Xi(a, b)) =¢

(@) () Xda, b)=1"Xi(a, b)-g"Xi(a, b) &' Xifa, b)g(Xi(a))
@ g’ Xi(a, b)-f" Xia)

(5){(f+8)"Xifa, DY=1"Xlb, 2)-g"Xi(b, a) & g(Xia)-['(Xilb, a))
HIX(a) g Xilb, a)

6)(f D)’ Xila, b)=f"Xi(a, b) D g" Xi(a, b)



715 A =8 §4°9) MacLaurin A7 & o] 8% HA 32 A 2H

. 21 c}x| =2] #s2 Maclaurin ®7H

3-1. 7|& C}x} =e| &2 MaclLaurin Z7H
71% GA =y §F (XF 499 & dHay Xl
o) 8§ MacLaurin &70318 oh&3 ZEcH10-11).

# aa

fX) = fX) [xi=a * Xi D" Xi(a) | xi=a * Xi
bb mm
DI Xi®)xi=a * Xi @D - BF Xi(m)xi=a + Xi

=ﬂxnmﬂea§f"x&nm“-§i G-1)
3-2. HX| #&| ] MacLaurin ZI7H
dE B9 /1% A =2 49 MacLaurin A7)
R 28] S&57] Ash e 9N HA 73

IF X, is N and X;is N Then Y is P
IFX,isNand X;isZThen Yis Z
IFX;is Nand X, is P Then Y is N
IF X; is Z and X, is N Then Yis Z
IF X;is Zand X;is Z Then Y is P
IF X;is Zand X, is PThen Y is Z
IF X;is Pand X;is N Then Y is N
IF X, is Pand X,is Z Then Y is P
IF X; is Pand X, is P Then Y is N

e FH& FHEE YR W (B 13 72

E 9299 et 7YY #HE

X,
N y4 P
Xs
N P V4 N
Z V4 P P
P N V4 N

o, N:Negative, Z:Zero, P:Positive

(¥ 1€ 715 o4 = e F33hd o3 74}

PP NN NN PP PP PP

f=N(X; X2 +X, Xz +X: X2)

2Z NN NN ZZ zz P

+Z(X, X2 X2 X2 +X1 X3)

NN NN 7z 7Z PP 2Z

+P(X) X, +X; X2 +X1X2) (3-2)

el 4g astaw thes R

PP ZZ  ZZ PP NN zZ 7Z 72
f=N(X| Xz +X| Xz) +Z(X| Xz +X| X2)
NN NN 2P ZZ
+P(X; X, +X: X2) (3-3)

P48 =8 4& MacLaurin A8 &3 2
t}.
f Ix,.n=N(g) +Z(g) +P(0 +¢)=P
XN, N) Ix,.,=¢
NN ZZ
f’Xl(N, Z) |x|.q= XIXZ
NN NZ
={{N(@) +Z(#) +P()} @ {N{g) +Z(1) +P(#}] X:X;
NN ZZ
PHRZ) X1X2
NN ZP NN ZZ
=0X(N, Pl lxi=0= X1 Xo=PBAN) XiXs
2Z NN
={"X|(Z, N} {x1=0= X1 2—-(P D) XX,
={"X\(Z, Z) [x1=0= X1X2 =P &P) X|X2=¢
={"X:(Z, P) ixi=0= Xlxz-—(P b 2) Z)a;zz
X (P, N} Ix1=0= XI Xz =(Pd2) XI Xz
PP NN PP NN
fXiP, Dixi-0=Xi Xo=PDP) X, Xo=¢

PP PP

'Xi(P, P) Ix) = O_XI 2-—(P@N)X|X2
e HNES R FHIY,

NN ZZ NN PP ZZ NN
f=POHPHZ) XiXo DPHN) XX PDHZ) XX,
ZZ PP PP NN PP PP

BPHZ) Xo X2 BPBEN) Xi Xa @ PDBN) X4 Xz

NN NN NN ZZ NN PP ZZ NN 7 7Z

=P(Xi XX Xe DX Xe DX X DX X,
ZZ PP PPNN PP ZZ PP PP

BHX1 X DX X2 D Xi X, DX X2)
NN ZZ 2z PP NN ZZ
BPDZ) XX DPDN) Xi X, DPDZ) Xi Xz
2z PP PP NN PP PP
DPDZ) XiXedPDN) Xi X2 (PDN) X, X»
NN NN NN ZZ NN PP 2Z NN 7z 7z
=PX X0 PDZXiXa DNXXoBZXi X2 PPXi X2

PP ZZ PP PP
EBZXl Xz@NXI Xz@lexzeﬁlexz



FFHA R G A28 =EX 1996 Vol. 6, No. 4.

©] MacLaurin A7) 9] Aste 99 MXNE L 2
9] =2l 45} 2o}

E 2. MacLaurin A7]¢) 9% Jejo] wigie

X N z P
X,
N (7] z N
z 4 P P
P N N

3-3. Ate| oM

(1)X,°] No|A Z&, X7} No|A] P2 EA]o) W3}
AL
EH e Pl Z2 W g

(A)Xio] NolA PR, Xp7F NolA] Z2 F Ao W3}
A
el E PAA oE] FElE AA oA P2 HdT

V. mx] £& AlAH

4.1 HX| F£& Alag

At o 2 HA F& 7|2 Mamdani®] HA H
&£x 384, Lasen®] &3 F 9, Tsukamoto2]
&y $ol g4 Uk 2 oS L BeH ¥
A FHozRY ste AEL £237] 9F 24
o2 AAHAY, AR W ERA Y A
=23y

B =EdAE oge g8 tile wx F3o
AL Fol7 gl FHoE WHTIT HANL o

dhrtel AaE dojuiol o AF wiAlE @A 9
A #A 28 7Y E =YEof gt

ol 5FE o] &7 A2HE HA F3 AF FE
Al2¢] FRAIS(Fuzzy Rule Automatic Inference Sys-
tem)2}t 312 ol thg3t Fo] FAHL)

42 {X| =8

AutA o7 IF X is Low THEN Y is Highat= o
A el AL ), oo e HA AL g Ao
2 o] Fojidh

Ri = ptrow(X) A pnign(Y) 4.1
@, AE Hage 9uishe ¥ dapoloh

o] AilE IF %9 ¥x J§ Lowdl 3= 94
X9 A& E 9 THEN 29} 5 ¥ Highd] &3
A2 YY) ASEe] E HAGOZ o] FojA T o]
e sue A7 B

a9, & =N E B 2ol AAR &, IF
Bt % 7he) 9 Fge] ANDE 425 o] Q)

IF X, is Low, X; is Low THEN Y is High 4-2)

ol ® A4 WA, IF %9 £ el 9 ol
WE AL HAQE FE ¥ I AAE 9
THEN %5 d¥slo ASES] Hage Adss
= Wk 4 @-DE T 4 @) 2ol wE £ UT
459028 4 44z B4 5 At

MacLaurin A7/ & B3 o]E 73& AE Adsiy Hon(0) P ton06) 7 pr(Y) -
Y acLaurin 71 < = ‘Ff' j-a ® ) Rz=[,l[,ow(x|)/\,uLow(X2)/\#Hish(Y) (4_4)
HFHoZe MY A= FHo| 284 93

N P EEELE

MacLaurin 27}

Xo— TP

"l s My

A FE-rAE FY

2! . FRAIS®] 718 A=



A& A =2 49 MacLaurin A7) & o] &8 HA 38 AJad

Aoz 4 4-4)€ X1, Xz, V)9 3349 A}
b HYY 4 (@4)e 4 ¢-5)2 Y8372 jirh

Ra = ptrow, Low(X1 s X2) A prign(Y) (4-5)

o] & #3ste IF Yol e 948 e X, Xo,
v, Xpo] ojd o= n+1 A9 A HAEE
) ¥ =FdAME olE 7hadlald Wi 949 #d
ojgtx 133718 gt

Fo1z M 4 ddd ds M B FHH
9 AL H-HA §A H(max-min composition)-&
AHg-gt). mlAgto g, st S &3] 4
A FolA JY A 324 FAE HA A%
FE 9 WPz v HA Yoz UE F,
o} & t}A] B # K] sHdefuzzification) gt} A 2te] ¥
HAg 71 o2 W3 F4)H (center of area)& o] &
gt Hy FHPL o 4 (622 78 4 Uth

i wX) - Xi

output = - . 4-6)
Zl u(X)

V.88 d
5.1 13| &3 HolE
Sx9 Yo i 22EE A okdte oW
HolZ17F A 74 skat o) W, =9 4y ” =

3 YL [E 34 2e FHEL FPYBh

B3 E29 YYo] fE 228 2F R

Rule Temperature Pressure Throttle
R, Low Low High
R, Low Medium Medium
R, Low High Low
R, Medium Low High
R Medium Medium Medium
R, Medium High Low
R, High Low High
Rg High Medium Medium
R, High High Low

[ 3]9) FHE o] &3t 4 AA Alo]9] A e
(& 49} 22 A2 Jebd & A}

5.2 +=2{4]2| MacLaurin 7 22| A
(& dlolA YeEPD #3& (X 3]0 el 228 =
A gy oz xNH{3A [F 519 72ct

Ha4exs Ay @ A E

Temp. Low Medium High
Pressure
Low Rule=R; Rule=R, Rule=R,
Medium Rule =R, Rule=R; Rule =Ry
High Rule=R; Rule =Ry Rule=R,

&, A 497 FHE B Aae LA st

ES5 AAEAM Agd Ae JE

Temperature(X,) | Low Medium High
Pressure(X,) (a) O] ©
Low(a) 14 4 Y
Medium(b) B V] B
High(c) a a @

@,  a:low, A:Medium, 7:High

(B 5258 &3 2L =84 - /=8 ¢
At

f=a( X Xo) +8(X Xa) +7(%, X2) -1)

5.3 Zzfe| si A

9] Eeld ez e A 2xX)7 2(low) &
B (Xy)o] ¥ Ael(Low)oll A &X7} ¥ 2(High) 48
o] HE(Medium)2 2 FAlo] ML A 2252
w22 FdA F7 AR (Y~ 8 2AHEE AA
A gk & YO/ AFH o2 WA

5.4 HX| =8

Lot gl e o3} A2 HA FHo) At
X 7HgEA &, ol FA Te 2= A HA 3
Frelx, otell HA Pe ¢ A HAA HFE A0
Lide g



FFHA D A5 A 283 =82 1996 Vol. 6, No. 4.

Lowr={(100, 1), (150, 0.8), (200, 0.6), (250, 0.4), (300, 0.2)}
Mediumr={(100, 0.2), (150, 0.6), (200, 1}, (250, 0.6), (300, 0.2)}
Highr={(100, 0.2), (150, 0.4), (200, 0.6), (250, 0.8), (300, 1)}
Lowe={(100, 1), (200, 0.8), (300, 0.6), (400, 0.4), (500, 0.2)}
Mediump={(100, 0.2), (200, 0.6), (300, 1), (400, 0.6), (500, 0.2)}
Highp={(100, 0.2), (200, 0.4), (300, 0.6), (400, 0.8), (500, 1)}

T8, 2289 23%0 @ ¥A ALE e
ol Aoj@,

Lowm=1{(10, 1), (11, 0.8), (12, 0.6), (13, 0.4), (14, 0.2)}
Mediummy ={(10, 0.2), (11, 0.6), (12, 1), (13, 0.6), (14, 0.2)}
Highm ={(10, 0.2), (11, 0.4), (12, 0.6), (13, 0.8), (14, 1)}
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