| &3 : Bx|(Fuzzy) ol 9 28

Fuzzy Set o|23 a2 & e
u|Sol| A F3 AT

.M o

19901 549 2842 NEWSWEEK=] Businessgtoj]
“The Future Looks ‘Fuzzy”’gh= 7]Al= n)29l &9
‘Fuzzy System’sl] tfgt Q418 ZejatA stgdd). v
Fol| 9] o] A W ES did o H4sh A
F3AE = 8 A$ol7]l dEelt), ‘Fuzzy
System’2 Fig. 1l A& 2HA& sholeHte] a4«
A3t o]27|7HA] el o]8F: il ole
‘Fuzzy Logic Chip'o]e} &ele d%9 2n4 #HY
A2 AFE7 EEEA ARG, oA felE
o] ‘Fuzzy Set'el] s FAE 71¢d o7} & 7 2
t},

19659 Lofti A. Zadeh ] Fuzzy Set Theory
[Zadeh 1965] %38] o]F, u]Ze| ¢ Fuzzy Seto
W At A7 FEFG AL Agsin 9l
u, 933 429 $& AFAH A= 98 vn
A o)gdiFsh A9 $He neh F24 #1 3l
t}, Fuzzy Set Theory+ Artificial Intelligence (31
F2%5) o4 Knowledge Representation (2] 4] % &)
o 249 Fuzzy Logic[Rescher 1968, Dubois &
Prade 1979]3 Fuzzy Semantics{Zadeh 197118 =
+7te.2 3z, Expert Systeme] 3 7}z A&7
249 Fuzzy Production System(Fuzzy Rulebase

A
(Geogia Institute of Technology,
School of Electrical Engineering)

System) 2.2 &4 4 gled, z8lw Approxi
mate Reasoning & 2 4 2] Fuzzy Reasoning &
Dempster-Shafer 2] Evidential Reasoning[Shafer
1976 7= wh¢ WHI FAE AT Yuh o)k
A o] el A zte] AT e BHAUZ o
A HdE =ste] FEEAM H48 5 e ¥
o B3Ety E5YY FAESS FE= ¢ o2 2y
Fasloh E3AUA T 2agS 2¥ee o Fun
Sete] 7} HAalw, ol spaelstolal Heisen
berge] ‘F8UM ) Y HE F Leht 9ok,
Fuzzy Set2 Zadehe] Ao o]&n} “od45
Membershipg-F2.2 o]Felxl 3 {9 AA"Y
A golwi[Zadeh 1965], 1 7|& o] o] F3e
Binary Set Theory#} Lukasiewicze] Multi-valued
Logict 53 A3 o)2o|ch. weba], Fuzzy Set
Theory= 8] Crisp Set TheoryE sh}e] =y
& AFE EFP, 2. o Fuzzy Logics)
Fuzzy Set Theory7} daghr} 1 o] 45 Auind,
ANZ Q7] Alael =7} Ea) ‘imprecise’st e
2 o]F B¥E= deln, 4= Expert System
e 842 efo] et o) o)), Az
FEEoZE 2R FAES HEFY 4 .y
# 2 KnowledgebaseZ 713 91225 Systemsl| &
Fatw, vpAe g m&o W odab $HL shal

4



How it Works

he Japanese have discovered dozens of

commercial applications for fuzzy logic,
which allows computers to operate with
more of the flexibiliLy of the human mind.
Some examples of what the technology
allows different products to do:

CAMERAS: it helps
photographic equipment
react sutometically and
subxtly to changes in light
conditions.

SUBWAYS: Fuzry can

help resrrange departure
schedules to compensata
for dalays and bring trains
to quiet stops.

ag .,

R el Systeme] A" F l7] wfolc)
Fuzzy Sete] "84 Goguen®] Representation
Theorem{Goguen 1967]¢] ZEH o3 A Mdugo]
ek, v

71EH o2 A9 Set AE 03 124 Jeld £
915o], Fuzzy Set Ax ¢]& Membership &7 03}
1 Ajole) 424 Ueple), dE 59, ofn ool
A2l 7] & &9l Fuzzy Set A= x& AlAole}l A
9% o x=170cmollA] pa(x) =0.40]2hd, o]& “x

+ Set A2] Member2A4 1 A= (EF)7} 0.447 %
g3,
0 (0<x<160)
wa(x) =10.04 % (x—160) (160<x<185)
1 (185<x)

4 Fuzzy Set A¢) Membershipgls2 A 4 gl
t}, ulE Fuzzy Set Theory:= A $41d 39 &
2T oj=AHT =3 bl HAXT, $9}
Zo] Fuzzy Set:& A4Ao|Av} EHARY HRE A
FAd £AZH e g Qlvke o 2 7o) §l
o},

£ =32 o34 Fuzzy Set Theorye 7]
# 2 AHubA<l A& AUf3}al, Fuzzy Setd] 419
ofl o] 34l s dolBE A& I FFE Fr
olAl o] o{#]7}x] Fuzzy SetEo] 3} ojujq 54
£ 7R3 glem, oA Al 4" 5 e
dotirz Fal [ AelA= Fuzzy Setd] o]&&

42

COMPUTERS: A new

Sony PalmTop’ machine
uses fuzzy logic to help it
recognize end respond to s
user’s handwriting

‘when it appears on

the screen.

AIR CONDITIONERS: It
aliows slectric coolers
and haaters to change
termnparatures based on
the number of people
who sre in the room. or
the powasr requirements
of a house.

Fuzzy SET9| Algdell 9] &4 o

s AREE, DA 1 S4¥0kE 975y
on], Aol 22 9 Fuzzy Seto] &3 349 2
Aol el Eejskech,

2. 0] E

2.1 Theory of Fuzzy Sets

Fuzzy Setm} Membershipst$: :

Fuzzy Variable x= $84¢ A HE 2 o)
o, x9 RE A$+E Egske AAY U
Universe of Discourse %+ Universal Seto]2} &
o}, &, x€U¢)x, Fuzzy Set A= Membership ¥
T o U— (0, 1] o3 A=A, Ax 4%

{x, pa(x) )22 )23} 7ro] Ael=lc}, [Zadeh 1965]
A=u/xi+ /x4 =Ty /x  (Discrete
Case) (1)
A= f (a(x) /x (Continuous
U
Case) (2)

Ae] Supporti= pa(x)7} 08t} & Usl|A2] Subset
o]3, Fuzzy Singletond Supportz} UslA 3ht9
42) Fuzzy Setoleh, o4, B+ [& 22

Fuzzy Singleton z/x,9} ua(x) /%9 #3%(Union)
71Zolc}h, &= A9 Crossover Point= Membership
o] 0.5¢) Aok, A9 Universe of Discourse=



U=xi+xt+=21 1 &

U=1/xit1/%+ =2 I/x (3)
B EAE ¢ ok dlE Bl yb =AY 24
2 & o, Fuzzy Set B='y is almost 0°C'+ o}-&3}
7o) Membershipg-2 1tepd = 9lch,

w(y) =1/ (1+10¥®
7)1 B9 AL Membershipl'{}—’ﬁe] A Ae]
o, BEY AL 4, ue(x)+ 29 Convexitys}
Normalityg =<3t}

Vx, €U, Vie [0. H
s pal Axr+ (1= A)x2) = min[ za(x1),

Convexity :

a(%2)]
Normality | x€U— 9x s.t. Supx ta

(x)=1

#$83 Fuzzy Set# ¢ A& Dubois®}l Prade
[Dubois & Prade 1986], Yager{Yager 1982]¢]
probability Mass m(+), a-Level set-2 ©¢]3}e] 4
o3l 3 9lul Fuzzy Event A9} Fuzzy Random
Variable ua(x)ol] o 8 Cumulative Distribution
Function P(A) [Zadeh 1968+

P(A)= /#A(X)dp(x) (dp(x)=f(x)dx, f(x)=

—o0

pdf) (4)
2, m(x)9 71dEE E{wax)}=<ualx)>=P(A)e]t
[Kandel 1986],
Linguistic Variables :

Linguistic Variables® <«J2¢] Fuzzy Set&3 %
=+ AHgAlo]l 2 Quintuple

V={x, T(x), U, Syn, Sem}

2 AHeo=Er}, T(x)= Linguistic TermE< A3k,
Syng x& HAshs FFEH F3, Sem xef 9
ol Hdsls o] &4 gtAelch $ev AEAe
252 g o “50km/h AE"E “Medium”, “80
km/h o]A"E “Fast”, 18]x "20km/h o]3"E
“Slow"gtz A& £ gloh. 9714 T(x)={Slow,
Medium, Fast}2 FAjsio], o3} £o]&¢& Fig 2
)42} 2 Fuzzy Membership@t+E2 vehd 4
oltd, B&, AYstd T(x)={Very Slow, Slow, A
Little Slow, Medium, A Little Fast, Fast, Very Fast}
2 AEY 5 U
REPEHE 39% 1288 1990%F 128

Fuzzy Set O|22 1 &

o 2Uoi ojRojMe| BER AT

F-speEd
Fsrow FmEDTun Frast
1.8
8.5
8
20 58 88 (KmsH)
38l 2. Linguistic Variable 4- X & Fuzzy Mem-

bership #4E5{SLOW, MEDIUM, FAST)

Membershipgtr= 94 A7bx 8.9lq) & A
Hep, A, Q7 84, & oHela A
ol Aol el M, A, v FEY (A
o 9Aste], zEja AAE ARH, FIHH FEof
o9& T+ 4 9lvk 8t Fuzzy Variableo] tjs}
o] 0|8 FAE E3 ZAE dwde] Membership 3
45o] shte] Linguistic Variabled &A%,
a-Cuts :

8l element x=U7} Fuzzy Set Aol oj= Ax £
=7} AteE o, 7 Membership 4 %7} @
threshold ¢ (0, 1) Ethe= #Hol g}, olwf thre-
sholde] 9J&) ZA=H+E Crisp Setg o-Cut &2
a-Level Sete]z}z &} [Yager 1982},

A={x€U, ulx)=a} {3)
o2 AHoF}, Fuzzy Set A9) Membership 3rt
a-Cut A& o]43te] th&s} o] 7 ¢ glrh
pa(x) =sups minfe, a(x)],
1 iff xEA,,
( otherwise
Level Fuzzy Set Aa={(x, m(x)), xE A= A9
$45 A8 wEAHeH, AT} HiEH
MemoryAHg-8-& £4Fch

Fuzzy Set A= )-89 ‘Resolution Identity’E %

8 o-CutE2 F3l9 + qich

ﬂ,A(X :{

A=Y aA.  (Discrete Case) (6a)
A= ,{ laAa (Continuous Case)  {6b)
o) & 5w Fuzzy Set F=0.1/1+0.3/2+0.7/3+

1.0/4+0.5/5= Resolution Identity2 %14,

F=0.1(1/1+1/2+1/3+1/4-+1/5) +
0.3(1/2+1/3+1/4+1/5) —
0.5(1/3+1/4+1/5) ~
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0.7(1/3+1/4) +
1(1/4)

22 yeid 4 3l o-Cutd Ay =1+2+3+4+
5. Ags=2+3+4+5, Aps=3+4+5, Aw=3+4, A
=40t} Qukdg o2 Fuzzy Set& Consonant %+
A& 7HABR § Fuzzy Setd] RE o-Cutsd
dalo] Nested Setolch, F, $9] el Ag12A0s
2A052A072A,0% G5,

Lattice-Fuzzy Sets(L-Fuzzy Sets) :

odutslsl +%9 Fuzzy Set® 2 L-Fuzzy Seto]
9ldl Membershipd9] 29& L=[0, 1]"9
Cartesian Product 3 &) ¢] 32 Universe of Discourse
Uz 94] naped4ke] Aotk

s . U—L
Type 1 Fuzzy Set2 K% Fuzzy Sete]y, Type
k Fuzzy Set& = Membership $F°] Type(k-1)
Fuzzy Setdl [0, 1]olA A" <84 L-Fuzzy
Set o] t}[Mizumoto & Tanaka 1976], Type 2
Fuzzy Set& p,: U— 1[0, 1]°M9 33AAE 2
<=tk
Possibility Theory :

Possibility Theory= Zadeh[Zadeh 1978]¢)] 23}
L z9l5edd), o]& Possibility7}e] 17k o)
2032 “U¢ Fuzzy Subset F7} 1 Membership 3
F ol 93 ZAHW 94 P=XisF& Fo &
7}¢l Possibility Distribution [[x% fZ&t"s #
on, e ol BARG:

XisF—TIx: =F. (':="& Possiility
53} 7]%)
ole WAl P=Xis F7} Xeof o8 7}d= 32 Feol
o8 wA [x2H s A58 et 9F
Eof, 9A ‘F A%o] Fbt wF=7c}, X=%
4 E)o] FolA sbgdl Possibility ¥ 34
Macee : =32 Uehd 4 slth. IIx= Pos:
sibility Distribution Function mx2 F&€t}, 4
a4,

X = MF {7)

o BANE TEY

FuzzyAl & 13 &S o3t 2
(1) Modifier Rule : X is F—JIx: =Feo]® Xis
mF—Tlx: =F"29) s} 7hssel, o714 m

44

-2 Linguistic Modifiere] 7,
Aojc}.

(2) Quantification Rule : Q 7} Linguistic Quantifier
o]i ‘Yis F—[Iy: =F°]d =4 ‘QY are F’'&=
TMeomw - =F'E Jepd o 9lc}, ‘Sigma Count’2
Ao Count(Y)E Count(Y) =y-rnmZ A5
W, Vierme F¥(sum) & epdc),

{3) Conjunction Rule : ‘X is A—TJ]x: =A’¢} ‘Yis
B—Ily: =B7} 9)-¢ 4, ‘(Xis A) and (Y is B)
—lx v:=AxBeolz, 2 Membership¥+t
paxe(X, y)=min[pa(x), pe(y)]Z e Disjun-
ctive Rule : ‘(X is A) or (Yis B)—[lxn : =AU
B“(A*:AXUz, B‘:BXUI)O]EE .UA*xB*(X, y)=
max[ua(x), m(y)]E Hepdch

(4) Implication Rule : Fuzzy Implication ‘If X is A,
then Y is B'¢] Possibility #4412 vy | =A¥®
B*2 ¥7]% Implicationd 4t @elle 2717
u o] glt}, o]9je = Truth Qualification Rule 5
o] 9le,

Extension Principle :

Fuzzy Set& A&t 2 F271 #ASHH 9199
Nonfuzzy3<¢] Domaine] thsjA % Fuzzy Seto
Domain®. 2 <Jut3iA| gk 4 slty, &, Fuzzy
Subset ACU7} (14 X3 Aojd o, Us|4 V2
Mapping f= Extension Principle[Zadeh 1975]¢]] &
&

& mel oJ3 Fol

fA)=1(m/x1+ -+ po/x0) =/ f(x1) + -+
i/ f(xn) (8)
2 vl 4 9ok wEbA fe] ¥ A9
Images fo] 9% x(i=1.n)¢ ImageZ¥E &
% 9]t} (6a)9} (6b) 4] 4] Extension Principles]
o} 3

f(A)=T.af(As) (Discrete Case) (%)

f(A)= l: 1arf(Aa) (Continuous Case) (9b)

7} ® o} Extended Principled] & =utgEola
Fuzzy Set-& Extended Fuzzy Sete]z}xr Fti,
Uncertainty .

Fuzzy Set Theorye oA AF3F ule} 7o)
Membership ¥55 AM-3le $27) R HEbE
EAIE 4 ¢Jomz Uncertainty (B844) & oF
7)ol HAsch, FRo|E A Uncertainty s



AsEe, 34 Vaguenesss} Ambiguity F71x]2
vhdrh, Vaguenesse EHgoll4e] 2FH27F & A
# 4 X389 Fuzziness, Haziness, Cloudness, Un-
clearness, Indistinctiveness, Sharplessness 5-2] 4
AL 7o 9ler, Ambiguity= B9 EFAUAC
2 Nonspecificity, One-to-many relation, Variety,
Generality, Diversity, Divergence S22 %d%E 4
olt}, 28l 322 Performance MeasureE 2
Fuzzy Sete] Uncertaintye] AEE 3y}l 7o)
s},
1. Measure of Vagueness Uncertainty : Fuzziness
Measure
2. Measure of Ambiguity Uncertainty : Non-
specificity Measure, Dissonance Measure, Con-
fusion Measure in Evidence
Fuzziness Measure f(A)= Hamming Distance f
(A)=2xEx| m(x)—i(x) | 2 HFE & gley
{(e(x)=  pa(x)®) Nonfuzzy Membership & 4+,
Nonspecificity Measureq] U-uncertainty+= A,7}

eCuted W, Uw)= flogd Aulda 2 %4 ¢ 8}
'Klir & Folger 1988], Nonfuzzy Membership & 5
B oa(x)=1/2>000 8 p(x)=1; plx)—1/2<0™
e(x)=00]t},

2.2 Fuzzy Set-Theoretic Operators

o]#) Fuzzy Seto] A& AAA|Eo| FHal Lo}
B7]2 3}za}[Kandel 1986], o] %% Fuzzy SetE 2
Universe of Discourse U Fdo]ojo} g}, F 7
9] Fuzzy Set A9} BE A7bsig e o,

1. Fuzzy Equality :

A=B iff /U )= [ a(x)/x

wE umx)=mwx) VxeU (0
2. Fuzzy Inclusion :
ASBff [ u0/x< [ mlx)/x )

3. Fuzzy Union :
AUB= [(m(x)Vi(x)/x V=max 0
4. Fuzzy Intersection :

AOBE/;(,UA(X)/\,UB(X))/X A =min {13

RESFIE 9% 1208 1990F 128

Fuzzy Set O|E3 1 S209 UN DjFoljMel &= o

5. Fuzzy Complement :

A= [(1- w0/

T mdx)=1—mx) VxeU (19
6. Fuzzy Product :

ABE-[U/JA(X),UB(X)/X

A= ﬁ (m())P/x  a>0
CON(A)=A? (Concentration)
DIL(A) =A% (Dilation)
el 4 Fuzzy Complemente] o} #e)2 Yagers
b3 Sugenog] HFAle] gt Klir & Folger 1988,
o] Qo= Bounded Sum, Bounded Difference, Left
-Square, Convex Combination 5-2] ojAhdbo] q)
o}, o7]4] Fuzzy Product= Membership %49
H3}l, Z Linguistic Hedgev} Fuzzy Quantifier (o)
A, A, i H2)E Y o f4si)
29 #AA = matd Hyperspacez ¥ A" Fuzzy
Cartesian Product] #2jo]t},
7. Fuzzy Cartesian Product :
U, Uy, -, Un® Fuzzy SetEo] A, A, -, Ap
o)L,
Universe of Discourser} U=U;xU,x - xUpd
o), 2 Fuzzy Set-&

ArXApX o X A= /U (ear(x0) A= A tam(xa))/ (31,

Y, Xm) T
palx, ) Xm) = par (x0) Ao A pAm (Xi)
8. Fuzzy Fwj¥j 3 :
AUBNO =(AUB)N(ALO) (15a)
ANBUC)=(ANB)UANC) (15b)
9. Fuzzy Idempotent :
ANA=A, AUA=A {16
10. Fuzzy Excluded-middle Laws :
ANA®=), AUA‘=1 {1

Fuzzy Set dA4kzte] 83 54L& 53 2 ¢
27} Fuzzy SetE& Agst7] 938 (12 Uniond} 13
Intersectiong #3}4d, (7 Excluded-middle Laws &
271814 (15 Fuzzy 2wl 23 (19 Idempotents)
A4S wefol g,

2.3 Fuzzy Number and Fuzzy Arithmetic
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Fuzzy Number= Zadeh®] #x-number, s-number,
z-numberg} o}E2] 2§ F H s/z-number, z/s
-number £o] glod, o]felx ogs}x] Pos-
sibility Distributione.2 FA® Al Ake] Fuzzy
Subsete)r}[Zadeh 1980, Dubois & Prade 1979].
Fuzzy Number®] E#g 797} A$ F7bod,
Fuzzy Arithmetic® Fuzzy NumberZ 7|22 %
Alg 77F Arithmetice] utsiety & < i, o
¢ o Kaufmann#} Gupta® Fuzzy Arithmetice] <
Holrh[Kaufmann & Gupta 19857,

1. Fuzzy Addition:

ACHB= [ anal@)fz= [ Vol Ay}

(x+y)
2. Fuzzy Subtraction :

A(B= [as(2)/2= [ Vamers 0 7 )}
(x—y)
3. Fuzzy Multiplication :
A(*)B=ﬁﬂm(2)/z=j;Vz=x*y{#a(X)/\/ls(y)}/
(x*y)
4. Fuzzy Division :
A(-:-)B:—/L:,LQHB(Z)/Z:j;\/z=x+y{/lA(x)/\/‘B(Y)}/
(x+y), Vy=0

5. Fuzzy Minimum :

ACNIB= [oa, n(2)/2= [ Vil Ay}
(xAy)

6. Fuzzy Maximum :

AC)B= [mwin. 0()/z= [ Valia) A ()]
(xVy)
Fuzzy Arithmetice A}33 AUeE Q18 AS
ol AH-& Hshs Aol EFeoln o]& Fuzzy
Number7} Possibility Distribution-g o}27] wjjFel
g, Z t}lA] =4, Possibility Distribution &
Upper Probability (4%} &%, Plausibility) [Demp-
ster 1967, Shafer 1976]9] 543} ¥-Fo st g Al
A BE sFeAE T3] dFoidh

2.4 Fuzzy Inferences and Fuzzy Relations
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o] Ao Zadehr} A3 fuzzy Inference
Technique[Zadeh 1974]3 Fuzzy Relation[Zadeh
1973) % Yol 7|2 ¥t

A2 Projection Rule® Fuzzy HA Poj] djs)
Universe of Discourse®] Subspaceof ti3t =4 Q
7} =29 F dvke A& Bdd &, P—1lw,
wxny s =Fola, X7} Xell 43 Fuzzy Variabledd
o MTxe= Xw® Marginal Possibility Distribution
o]3 Xl 2% F9] Projection

[Ixs - =ProjxeF, ®=x
Txs(Xu, o, Xu) =Sup p(xy, o+
X "ty Xim
A7 {xy, -, xwbE {xe, o, xatd AA
Universe of Discourse Uel] t§% Complemento]t},
Projection Ruleo] 2} o] A} PE2¥H Q7 §&
g 7 9. & Q—1Ilxe | =ProjxsF.

=42 Conjunction Rulee] Fuzzy Inferenceol] =
£ Z g8, o] Fuzzy Syllogisme)gtnx 3Fit},
Fuzzy #A4 P, Q7} ¢)¢ o], A*=AxU, B*=Bx
U,tg, Conjunctive Ruleel] 2]%F R2 t}&3) 7o)
ey

P H(x, Y). =A
Q— Tl 2:=B {19

R—TIl«x v, 2:=A*NB*
u}z)eto 2 Compositional Rule of Inferencex= ¢

9] % 7} Rule of InferenceS A3 FHefolx,
Artificial Intelligences]| Al &= Modus Ponense?)
Jutstsl Helolot, &, Fuzzy HA P, Q7} Sl
o, Syllogisme] ¢]3F R

P_'H(x. Y):ZA

Q—TIlw2:=B (19

Re—IIx 2:=A0B
o]® Membership¥ sas(x, 2)=Sup,{ualx, y)
Ay, 2} A=), 53], P=Xis A'o]1 Q=
‘If X is B, then Y is C'2}4,

, Xn)olq‘.

P’_’HXI:A
Q— Tl x»:=B*@®C* 20
R’_H(Y)I:AO(B*’@C*)
2 R& $=% 4 9jod, Fuzzy Implication <34t
®+ od7kA wye] slev, 1% Zadeh9




tewscx(X, Y)_l/\(l_llA( )+ es(y))elt,  Mamdani
9 HJ'BJ°] Hpx c* X, y) {uA(x /\ﬂg(y)}ﬂ- 9ic},

A Xo|A4 YZ9 Fuzzy Relation RS Cartesian
Product XX Y9 Fuzzy Subseto]™ Membership 3}
T m(x, Y& b3 o] vehd 4 gl [Zadeh
1973]

R= f;” (%, ¥)/(x, v) )
#9] Re Uty 22 ni} Fuzzy Relation®.2 3
o] 71534, Binary Fuzzy Relationd %% Fuzzy
Relation Matrix 2 E A& 4 glcoh: X, Y9
element7 A7} Ztzb m, pd d,
Ty Tz *** TIim

Tat T2z " Tom

(i, )= i=l.m, j=Lp @

o1 Tp2 *** Tom

o]F, e @09 Fuzzy Implication, ryy = tas-ss(X,
Vg T8 4 vt 198 Compositional Rule of
Inferences= max-min operation ‘0’2 A}8-3}od

ROA=B %t ml)=Vxim(, DAmd)} @

i, 1)=1y

2 FA % £ gt o] Compositional rule of
Inferencet= Fuzzy Input X7} Rell ¢j&8¥ gL o,
Fuzzy Relation Rel] 2]} Fuzzy Output Y& 3k
4 sled, o] thA] el Fuzzy Rules Fell4
P & s vixle AEE Tk A Tt
22

A2H, o FAol Yol Asae FAE H7
ok spab A ‘FobrE ohg 9 Fuzzy
Rulebase2 AA& 4 slcka 7133}

Rule No. 1: if (v} 2% =Large) & (¥} =Small) & (&=
o]¢] =Positive Large)
then (F7}4}4= 2 ¢] =Positive Large),
Rule No. 2: if (w2 =Large) & (33} =Medium) &
(4+0) 2] =Positive Small)
then (F7}/4<4= 8 ¢1 = Positive Small)
Rule No. 3: if (v 2=} ‘Large) &
o)e} =Very Small)
then(F7}458 ¢l =Very Small),

Rule No. s: if (s} &) =Small) & (}3} = Large) & (&~

({3 =Large) & (<=

REPHLE 39% 12% 1990F 128

— Fuzzy Set |3} 1 &2

ol Yo ojZolMe FET} AT

¢]¢] =Negative Large)
then (F7}14k4 8.8] = Negative Large). @4

7t Rule?] HHzale (&g =Small)} (Fe]e=
Positive Large) ¢} # 4] 4} (Premise, Condition) £}
(F7Ht458 2l =Positive Large) &) A Z= 4] (Conclu-
sion, Actiom) 2 Ho] ¢low, o] L mysL
Membership3t+2 E&8 ¥tk Rule No. 1o]4] A4
=4 2] Membership &7} pa=0.1/1+0.3/2+0.6/
3+40.9/4+1/0.5°)32 ZE A 2] Membership &<
7} #s=0.0/1+0.4/2+0.8/3+1.0/4¢]" Rule No. 1
o tf ¥t fuzzy Relation Matrix & Mamdani 9
Fuzzy Implicationg A3} 7& 4 9lt}

0.0n0.1 0.0n0.3 0.0A0.6 0.070.9

0.4N0.1 0.410.3 0.4/0.6 0.410.9

0.8A0.1 0.8A0.3 0.8A0.6 0.8A0.9

1.OADT 1.0A0.3 1.0nA0.6 1.0/0.9

0.071.0

0.4/1.0

0.871.0

1.0n1.0

0.0 0.0 0.0 0.0 0.0

0.1 0.3 0.4 0.4 0.4

MR1=

= 25}
0.1 0.3 0.6 0.8 0.8
0.1 0.3 0.6 0.9 1.0
37|14 Fuzzyd® pa=0.0/1+0.2/240.7/3+1.0/
4+0.5/59 i InferencingZd 3= 038 A48l
pe=0.0/1+0.4/2+0.8/3+0.9/40] A} ol 1ol

ol FABITE BE ol 3] whed oloiy AlA
o Ate v wx 534 Rulesd 7A€ Ao
A 3l},  3kAut Fuzzy Rulebasey #JAJz|el—
2lHo|x, Intelligentd—Atn S Akl ¢ A
2g 5 glvke d 2 wi¥e] <qleh o] Fuzzy
Relation Matrix &= Kosko ¢] Fuzzy Associative
Memory [Kosko 1987]2] 7]80] =t}

s
olo

2
S

%A 3% uke} 7] Fuzzy Set Theory?] $-4
2. o]Fuat 4 glo] @}, Fuzzy Logic Control,
Fuzzy Identification, Pattern Classification via
Fuzzy Associative Memory & Fuzzy Decision
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Hypercube, Fuzzy Expert System, Fuzzy Logic Chip
Zo] glt}, E&, o] $jd = Biology, Medical,
Economics, Environmental, Psychology, Science &
9] AHgo] HuEH glci[Maiers & Sherif 1985],
oAl 2 M4 HrA dlg} FoA e doli
712 &3k,

3.1 Fuzzy Logic Control(FLC)

Fuzzy Logic Control System& 7|82 F¥
2] A o] o] & Fuzzy Set Theory & Al & &
Linguistic Control Rulebase® =]l AH7]&
AA 33, Fig 3ej4e} 7ol Closed-Loop System
o] Performance 7]&%& WEI=E TAH A
Systemo|t}, Fuzzy Logic Control2 ©]=¢] Chang
7} Zadehe] Paper[Chang et al. 1972] & #%Z %
2] Mamdanie] 2j3] Fuzzy Controle] AAZ A|
sl 272 [Mamdani 1975]¢ Z4%ix, Tongdl
¢} 8 Fuzzy Control Theory[Tong 1977], Fuzzy
Feedback System[Tong 1980]2 2 2+ A 5 9l 1,
Rutherforde] PI Controller¢}2] ] [Rutherford
1976], Kings} Mamdani®] 3}shubg-7] Alo][King
197776 2}4-slgic}d, =% Fuzzy Logic Control&
g vl =29 Kickerte] ¢ & &< Plant Control

[Kickert 1976], Ostergaarde] <dx$t7] [Oster-
DIRECT FUZZY CONTROL
RULE MODIFIER, KB |
FDHC ‘
FUZZY
={ FUZZI- [—®1 INFERENCE (] DEFUZ- |-~
F1ER ENGINE ZIFIER
\ -7
-
AN ////
desired N e
commands \ i
\ ///
FUZZY LOGIC NONLINEAR
errors [ CONTROLLER | actuators PROCESS

J e

Fuzzy Logic Feedback Control System &
F2 (YA A

a3 3.
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gaard 1977]¢) 24{th, Rayw= w|A¥H F7]4A4%
% #o] [Ray et al. 1985]¢l], Scharfr ZR.E # o
7] [Scharf et al. 1985]¢] Fuzzy Controllerg& A}£-3}
o}, Y9 Sugenox AFEx}9] Parking Control
[Sugeno et al. 1984]¢] o8 Hg-3jqiry, ez,
o Hojl 4+ Fuzzy Control[Sugeno et al. 1984]¢j] o]
£ Agsigich 283, d&e4E Fuzzy Control
Technique$ o443 ¥&x, "], 7ide}, AE
x}, &%, Fuzzy Logic Controlo] 7}PAAMIelE 4
2] s0]x gt} 8}, Fuzzy Control Theory:
Uncertainty ¥+ ComplexityE 7133} o] o)==
o] BE 7% o H4¥ $= 93, od=Ax9
2215 3] 43h= Systeme] Hoje] & < Qlch

u)3e| 2] A9 Fuzzy Control Researcher+
Univ. of Berkeley, Calif.¢] Zadehg} Tong, MITS
Bernard, RP1 9] Saridis ¢ Valavanis, Univ. of
Notre Dame ¢] Stephanou®} Antsakalis, Georgia
Tech] Vachtsevanos2 & 4 vt 183,
Fuzzy Set o =4 & & NASA, ONR, NIST,
ORNL =3} AlgdAelA Rockwell International,
Ford, Honeywell 52 #& 4 it}

7|83 22 Fuzzy Logic Controller=
(i) Fuzzifier,

(ii) Knowledgebase (Fuzzy Rulebase),
(i) Decision Making Logic(Fuzzy Inferencing
Engine), 28lz
(v) Defuzzifier
2 FA=Ee] ¢}, Fuzzy RuleE-& ‘If(.-) Then
()" 349 =HAZ et glol, Fuzzy Inferenc-
ing Engine-& B.%¥ Max-Min Operatorg& A3},
Defuzzifickation® 2= ‘Maximum Finder’, ‘Mean
of Maxima’, ‘Center of Gravity’e] H}A]Eo] glir},
cheel w48 Aol Systemg e BA}:
x(t) =f(x(t), u(t), t) (26a)
y(t)=h(x(t), u(t), t) (26b)
o714 u, y& 27 Aol ¥, £ x& State
ot} Fig. 3¢)4] Fuzzy Controller+
u(t)=g(x(t) an
olm, Ao} EA-& Stabledt Closed-Loop Feedback
System& Q= Aelth, &,
x(t)=f(x(t), gx(t)), )=f(x(t), t) (28a)
y(t)=h(x(t), g(x(t), )=h(x(t), t) (28b)
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a2/ 4, (1) Ziegler-Nichols PID 8 Fuzzy CON-
TROL<2] STEP RESPONSE »|x
(2) Kalman Based PID 2+ Fuzzy KAL-
MAN CONTROL ¢] STEP RESPONSE

1

o] ATHor I gk(t)E T3 Aol 2
Zolct, o} walA], Energy Lyapunov <=
V(x)=x"Px+u'Rud] wh3 dV/dt<c(0<c<co)Ql
Linguistic Control Rulebase g(x(t))& F3dh= 70|

REPEE 19% 1208 1990F 128

Fuzzy Set O| 23 1 S&0f A0 o|FolMe| &E2 A7
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25 Rules.

* SRules

Angular Poshtion (x1)
{b)
(a) Phase-Portrait Assignment Algorithm
o @ o2}
(b) Single-Link Robot Arm¢] Fuzzy CON-
TROLel 913t STATE TRAJECTORY

t}, Fuzzy Control Rulebase g(x(t))+=

Rule 1: if x({t) is Positive Large’ then ‘u(t) is

Negative Large’.

Rule 2: if ‘x(t) is Positive Small’ then ‘u(t) is
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Negative Small’,
" 1 1" "
Rule s: if ‘x(t) is Negative Large' then ‘u(t) is
Positive Large’.
2 338% 4 9} o] Rulebase:= 7}th3t Linear
Systemel] s} A= MacVicar-Whelan2] Fuzzy
Control Matrix[MacVicar-Whelan 1976]2 e}t
123
Fuzzy Controle] Stability= Robustness2} &
)¢ Z93)v, Kickerte] Multi-level Relay29]
&3le] 9%k B A[Kickert et al. 1978], Tong2]
Fuzzy Feedback Systemd] H A EAMe odF
[Tong 1980], Mamdani®] Performace Tableo| 2
&} Self-organizing Fuzzy Controller[Mamdani et
al. 198310] ¢lz, Raye] Nyquist ¥e| &3 L
,-Stability[Ray et al. 19841, Kiszka 2] ¢ 1] #)
Stability 2 o}4-3+ BA [Kiszka et al. 1985] %o
¢]t}. Braae¢} Rutherfords 27dA<l Fuzzy Ao
Algorithm®} 1 A Parameter =il sl AF
3} ¢ t}[Braae et al. 1979], # 2o &= Togai g

[N-Tarcina Accalacratlon w/ « dunanica)

Fuzzy Aej7] AdAe 2AH wh{Togai 19834,
Hsue] Cell-to-Cell Mapping Theory [Hsu80] & o]

43} Fuzzy Systeme] ¥ A[Chen 1989]¢] ),
Phase-Portrait Assignment Algorithm & % 3}

Lyapunov Stability & 4 ¥} yj[Kang et al. 1989,
1990]¢)] & vjek} gith Fig. 4o+ Tzafestase] 7)
& Aoj71¢k Fuzzy Aoj7]s}e] &Y wjnE Rojx
9)lom] [Tzafestas et al. 1990], Fig. 5¢]]= Phase
-Portrait& A}-4-3 Fuzzy A)o}~]¢] State Space 7
g Holx glri[Kang et al. 1990],

Fuzzy Controlel = 4] A4 Ao] wAs} 7y
Ao wpXo| glen], ZkA o] uHAlL Identifica-
tion & Estimations#&g ©] A=A =Ho] 9ok
22 2 Fuzzy Identificationel] dfsj atolBz},

3.2 Fuzzy Identification
Identification2 u]z]2} Systeme] w3 &3] T

Apsle Atede|=, Controlz= LA wHalo] girh,
Fuzzy Identification & A] £ & A § System 2

. tine U = :.E
-
c-.

" m:. :: ‘ T - o.: :n T
Lo &b T 4 l;iﬂ,
12 6(a). NORMAL MODE OPERATION a2 §b). ROTATING STALL INSTABILITY
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a3 6. AXIAL FLOW COMPRESSOR & FDI Az

Identificationell M §slc}, o] Czogalag) Fuzzy
System Identification[Czogala et al. 1981° 3} Fuzzy
Reasoning-& ¢|4-8te] 723 Identification, Pa-
rameter Identification o] ¢) 3 [Takagi et al.
1985], 7i=hgl 42709l Membership 42 7}xx
o]2]9] Parameterg FAshe 7le] 2 e},
Higashi+ Identification Uncertainty®] MeasureZ
A 2)3le] Fuzzy Relationt] 8] Identificationol] 24
8leit} Higashi et al. 1984],

Fuzzy Relation & Fault Detection & Identifica-
tion(FDDell 2}£-%m, o] #H3$ Fuzzy Relation
Matrix £+ Fuzzy Decision Hypercube(FDHC) o]
vl2] Failure Eventse} Failure Hypotheses® 2%}
Y7} Fault7h 443198 o, o5 2| galsh=
o]w Failure Event®} Hypothesis= Nonf-
uzzyoltjetx  F3atc), Fuzzy Logics o] &3
Failure Diagnosis o] [Terano & Sugeno 1977]%}
_Tsukamoto 1979]e) X 7= o] glom,
Kang®] FDHC=Z w]A¥ Systeme] Limit Cycles}
BESRE 9% 129 1990F 128

7ol

Bifurcationg #x], &<lsh= FDI Systeme] 23}
+ Fig. 69 Mol ¢]r} Vachts evanos et al. 1990,
Kang et al. 1990]. o)== 7]&¢] Multiple Hypoth-
eses, Failure Sensitive Filter, Adaptive Parameter
Estimation, Kalman Filter Based Detection-
Estimation §¢] Bayesian®ql whjoll4 t}= 4 ¢
& 4% Systeme] FDIo| A 43ithed] 1 197}
uth

3.3 FAM, FDHCE o] 2 8 Object Reco-
gnition®} Decision Making Systems

FAME Koskod] 23] <€ x9)= ¢t} Kosko
19871, =&} FAM2 7= Fuzzy Relation Matrix
of E3ta}n, Pattern<l Al o] A} &5
Neural Nete] g Fo}2 % = gir}, 7] zjo)3 e
Neural Net9] (~), (%) <4t# Threshold Ele-
ment7} FAM¢] (Max), (Min) <34}3} Normality
Z2712 8 dp¥chs Aol FAMS| #¢-2 olext
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7o) o]FojRir} .

M|+1:Mn®{YI®X1T}, M,=0 29
A7 x¢t vie 247 54 98 239 Fuzzy
SetHe| %ol @, @+ 7z Maximum, Minimum
dakzlelty, FAM M9 4£-3F(Capacity)-& Pattern
{x, )& Mol A 4= gl Hd Ao v
+ 8% 89le]n, o] Membership 2] 2o}
of w2} ZA=, $Ee J9Y xo s

y=Mox (30a)

ylil=®; (My®x[j]} (30b)
2 Recall#g& Jvehd 4 Qldh, x9} y& Fuzzy
Sete]z, xfile= #el x9) M4 elemento]n, ‘0'E
Max-Min <4te]s, Myx= FAMY (i, j) elemento]
o}, Fig. 7] FAMe] HFE 725 2gd. oA
FAMe] x.ol di#} y & Recallsls A& Asjn
b

m
ma
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Mo 61
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®x'[m]}]elc}, webM, Recallsl+ Pattern y=M
Oxy Vector®] 1A element=
mjOXk:SUP[®l{(YID]®XI[l])®xk[1]}v v, @

I{(Yi[j]@Xl[Hl])@Xk[m]}]

=@ Bi{yilil®x[a]®x{al}]

=@ o{yli]® x[a]® xila]}]
mutativity)

=By [i]®Palx[a]Rxula]}]

=By ®{xi 0 xu}] 0
714, x0x=38xH (o] Kania®] Good Map-
ping condition[Kania et al. 1980]3} 9§}, y=
m;Oxk=yo|c}. webd, Sl Pattern x,of o)
Z #3}4 Pattern y, & Recalld 4 ¢jc}.

FDHC+= FAMS Hypercubed] & Hej2 #3}4]
A F2F Mk A9 A%, FAMY (x, v)e
IF (AA9A=x) THEN(Z&34 =y)'y ¥ =
£ 47} 9l28 FDHCE x & o] tages e
eojr}[Kang et al. 1990], &,

= X%'Rx R @x"=x(u, uz, c, um) 69
weUs A AAFA Y Fuzzy Set Vector (U=
Universe of Discourse) ¢]c}, o] FDHCE: m-x}4lo]
B2 1 48] Fo8 Z713k}, FDHCE: Pattern
2143} Decision Making Systeme]| &% 4 glo
u, obx dF-e} Awe] dg s,

712 Fuzzy Set Theorye] Pattern ¢l4]oj
9] $-482 Palsl Majunderd] 24914 [Pal &
Majunder 1977, 1980]¢] 9lx, Fuzzy Clustering ®}
4] o] Bezdek [Bezdek 1976, 198013 Ruspini
[Ruspini 197017} gic}, EB8A{ ®okx} Decisiong-
WEs 7Pl Fuzzy Set& o]43: Ao] 45
31, Fuzzy Expected Value® Al4-3le] 223%
A2E Aelshe Zlo] Paod] o3 Huse] gl
[Pao 1989].

(Com-

3.4 Fuzzy Expert Systems(FES)

Fuzzy Expert System & Fuzzy Decision Table
[Kandel 1986]-¢ &) Ado] 7153ty oAjzbx] ¢
Z 9} E A o] [Negoita 1985]9} [Kandel 1987],
[Leung 1988]¢fl & vieht sich, ol 7|€deos
Expert Systems} 7 #£7} 2221}, Ruleo] Fuzzy
Logic®} Fuzzy Setd]] 7123 7lo]m [kang 1989],



Inference Engine2] 2] 9A] Fuzzy Reasoningol
I upebg F2 ok

Expert System®] 7}4 2 F#)%-& Searching}
Sortingel] Zele A7telw], AX|7le] 8TH<
de Hd Ay AFEY oMol A HA
t}, FAMeol+v} FDHCE Max Net, Min Net[Pao
1989]& AH4-3 WE A= HAFE F2E KA,
o]&& vhg2] Fuzzy Logic Chipel 23} ¥
c}.

3.5 Fuzzy Logic Chip

Fuzzy Accelerator % & Fuzzy Logic Chip &
198510 AT&Tol| A Togaiell 28] A& =KAot
[Togai & Watanabe 1986], o] Fuzzy Inference
Chip& o}7ke] A& AA 250, 000FLIPS[Fuzzy
Logic Inferences Per Second]9] w278 A4S
gl ol Rules 4 4~ U=F sHof ok, 2
gl 3 1989d Watanabeo] & HAH Mi
croelectronics Center of North Carolina 2] Fuzzy
580, 000FLIPSY] 71%¢ 7kx 32 9)ch,
Rule-set Memory, Inference Process-
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Logic Chip&
o] ChipE2
ing Unit, Controller, Input-output Circuit
o 3oz FAso 9,

& & Univ. of Southern California ¢ Kosko +
Togai InfraLogic Inc.3} < %t 3 Fuzzy Neural
Hybrid Net2] 7Hdo] g2 g2lx 9jo}, o] Hybrid
FAMS o] FAMe] #A& Besly Neural
Nete] EA4& Ad ¥ Aol F3tele|ch[Brown
19907, o] &} o) = Multi-valued Logic & 2 A] 9
CMOS VLSI[Togai 1987]¢} Systolic Array VLSI
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