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(Well-defined)

Max-Min, Max-Product

(Quantitative form)

19
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Lofti A Zadeh (1965)
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(Membership fonction)

075

11

a a l
ANTNIL

Huamnsn

160

165

0.25

160 ()
31

d)l
K] N

»

0

150 160 170 AVGAV.N)

319 3.2 Hamsn

timnrnt |

21



3.2

(Classical set) (Crisp set)
0 1
0 1

(Universe) X X

A X A

Ma(x) e [0,1]

A

A = (X/UA(x)[xeX)

(Mapping)

22



01 X
33
0 X
34
(Discrete)
a M M+
X

(Finite)

A

23

,3.3)

(34)
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3.3 (Fuzzy set operations)
A B X X
C Y y
A.B.CVMX

(Complement) A fAX) = 1- jAK)

(Union) A B:Hafb (x) = max{/dA(x), /B(X)}
(Intersection) A B:/UAng (x) = minffuA(x), Jb(x)}
(Cartesian product) A C:

Jaxb (x) = {.A@/JGO)}

(Venn’s diagram)
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I (Core)

JA (x) = 1

U X
3.7
A
Core
< »,
e Support !
Boundary Boundary
3.8

(Full degree)

X

25



(Support) A
[N (*1)*0
(Boundary) A
X 0<IA(x,)< 1
(Numerical definition) (Function definition)

(Vector value)

11 ™

(35)

0 for  <a
2[{ -a) [c-a)\2 for a<u<b
- 2[( - ¢) (c-a)J2for b< <c
1 for  >¢

(,a,b¢) =

3.9

26



1

Y7

05 -

0.5

c-h cb2 ¢ c+a/2 ctb

30

for <a
) [{b-a) for a <u <b
(c-b) for h< <c

for  >¢

—
QD
o — — O

311

21
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28

(Extension principle)

v F

Zadeh (1975)  Yage (1986)

AczU



rty +lh.+ +£17'
« M

=7TW +7 W +'+yft)

3.6 (Relation among fuzzy sets)

R
[0,1] (Strength)

Hr (x,y)

BRI (yy) = max(jiR(xy), V6 (x.y))
Mrs (X)) = minijur (xy), M5 (xy))

Mr(xy.) =1-MR(xy)

29

(Cartesian space) XxY

XxY
(3.10)
(3.11)
(3.12)
B



[?
AXB =R czXxY
1 (XY) = PaXBAY) = min(pA(x),
R
YXZ T XXZ
Max-Min
T=Re
Pr(xy) = yyA pr (x,y) A ps (y.2)
Max-Product
JUr(xz) = VieAUR (xy) + JUb (y.2))
3.1 (Predicate logic)

P

30

(3.13)

(3.14)

XXY, »

(Fuzzy composition)

(3.15)

(3.16)

(3.17)

(Binary truth value)



(Disjunction) (v)
(Conjunction) (a)
(Negation) ()
(Implication) (-»)

(Equality) (<» =)

A B X
P
A
P: x5 A
Q: X6 5
xeA TP =1 ) =0

xeB, 7X0=1 7X0=0

3

(Propositional calculus)

X
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jlxe
Za(x) o x i (3.18)

P: xeA, P:xeA
PAQ=>xeA B
T(Pv Q) = max(T(PN(Q)
PaQ=>xeA B
(Pa 0) = mm(T(P),T(0))
<P)=1  r(P)=0 TP)=0 TP=1
P<->0 =>xeA, B

TP>Q)=T(F = T(Q

(Classical implication) P A Q
B “P implies Q" (Union)
A B
P->Q=A(J = “potinA”  “inB"

(P->0<->(» A 0



3

T(P"Q) = T(Pv Q) = max(f(P), T(Q)
“P implies Q is true”

3.12 AB “P implies Q"

3.12 “P-implies Q is true”

AB :Ava = (Arh)
if x is in A and Xis not in B then

A-"B fails  AXB (difference)

P Q 0o
22=4 31
31 11 P 0
P O P PO PaQ P->Q P
110 11 1 1
10 0 1 0 0 0
0 1 1 1 0 10
00 10 0 1 1
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;P
X 0 B Y o
“15implies g ” R
R = {AxB)vj{AxY) = IFA, THEN B (3.19)
ifxeA  xeX, AaX
then yeB  yeY, Bc:Y
IFA, THEN B 3.13
XxY
P->g =>ifxeA thenxeB, or P->g =AuB
B
3.13 IFA, THEN B
3.13 IFA, THEN B (P implies g)

IFA, THEN B, ELSE ¢

(P->Q)a (P->8)
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P:xeA, AcX
Q-.yeB, BczY

yeC, Cay

[FA, THEN B or

IFA, THEN G,

IFA THEN B ELSE C=(AxB)u(AxQ =R = XXY (3.20)

3.14

B (¢ S
3.14 IFA, THEN B ELSE C.

311 (Tautologies)

(Deductive reasoning)

(Deductive inference)

r 301



(Modus ponents

deduction)
(Forward chaining rule-based expert systems)
(Consegent) |
(Modus tollens inference)
(Backward chaining rule-based expert systems)
B(BKI>X  04A(f4-»E))-»E (modus ponens)
A B A~>B (Aa (A->B)) (Aa (A—B))—B
1 1 1 0 1
1 0 1 0 1
0 1 0 0 1
0 0 1 1 1
A<uX-, AuX X (Ba (A->B))->A (modus tollens)
A B A B A->B  (5a(A”B)) {Ba (A-*B))">A
1 0 1 1 1 1 1
1 1 1 0 1 0 1
0 0 0 1 0 0 1
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372 (Contradictions)
Br\B
A0 ATIO
313 (Deductive inference)
IF-THEN
IFA, THEN B
A B
R =AxB (3.21)
I, B’
B’=A"0R=A,0((AxB)u(AxY)) (3.22)

IFA. THEN B, ELSE C

R= (AxB)'u(AxC) (3.23)
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(Universe of discourse) Y
TY)=1 7X0) =0

IFA, THEN B (P A X B Y

PA>Q=>R = CAB)vi{AxY)

XRixy) = max\ (xAx)A(xBy)), ((1-fa(x))A1)] (3.24)
%) (Characteristic function)

IF A, THEN B, ELSE ¢

R= (AB)K(Axc) = (P->QIV(P=9

Xr(xy) = max{(XAX)ACBY)X ((I-(xyx))AXCO))] (325)

3.8

(Proposition) P
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P [0.1]
[0,1] r
1 17-5[04] (3.26)
'luaa%nﬁssnmwfmsm:ﬁmua‘lﬁ’mssaua'{’fammaa%‘mi‘lu‘hl‘lugﬂuuwa«%ﬂ

v
o o ¥ a o a
Tuenanlaq dwmsvveanumsilasaassniuazilullugluovvesiladnda aunaln

p A P)
T(P) = Pa (x) 0<pA<] (3.26)
pixeA X A
(Negation) (Disjunction)
(Conjunction) (Implication)
p A Q B
T(P) = 1-T(P) (3.27)

PvQ=>xisAorB
T(PvQ) = max(T(P), T (0) (3.28)
PAQ =>xisAorB

T(PaQ) = min(T(P), T(Q) (329)

P->Q ==« isA, then x is B



T(P->Q) = T(PvQ) =maxim, T(Q)) (3.30)

P->Q is : IF Xis A THENy is B

R
R = {AXB)<j(AxY) (3.31)
M (xy) = max[(UA(x)ailb)), (- M (x)] (3.32)
39 (Fuzzy Resoning)

(Resoning)

(Inference rule)
(Generalized Modus Ponens)

(Generalized Modus Tollens)
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Premise 1 (knowledge) :if x is A then y is B
Premise 2 (knowledge) . x is A’
Consequent (conclusion) : y is B’

Consequent B'=ADR

Premise 1 (knowledge) :if X is A then y is B
Premise 2 (knowledge) .y is B’
Consequent (conclusion) : X'is A"

Consequent A’ A'=ROB’

R “IFA THEN ”,0
(Compositional operator) A’ LA, very A more

or less A, notA

Zadeh (1973) AA’
o Xy

(modus ponens) A=A =



(Forward data-driven inference)
(modus tollen) ~ B’=notB  A’=notA

(Backward goal-driven inference)

3.10 (Fuzzy rule-based expert systems)
3L A
X, /=12, X =X XX2 XX3X..X x,,: Y
v =12..m Y=y Ixy2xy3x..xym; X= (xi, x2x3 X,y

NS Gii1%:32) 0

(System identification)

51_,‘ L
2 L. 2
SV
U, —» —> J
3.15 m



£=1,2 .. (Fuzzy partition) X

Ake FO)\n& () X-+00]  E=12.

IF  £=1,2 ..

tfeF (Y) ; 7+ 0,1] £=12..

£=12..

tfeFiIXXxY) ;n& (xy) :A7->[0,1] £21,2 ..

F() 333, 334, 3.35

(Set of unconditional restriction)

43

Ak

(3.33)

(3.34)

(3.35)
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(Restriction)

(Consequent)

IF the season is spring, then the color is rather light green.
IF the season is summer, then the color is deep green.

IF the season is fall, then the color is bright and deep yellow.

etc.

“rather light green”

“spring”
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3101 ; (Canonical fuzzy rule-based expert
systems)

( “AND” “OR”
“ELSE” 3.16

R1  Restriction R
R2  Restriction R2

Re  Restriction Rk
IF condition ¢\ THEN restriction R*
A2 IFcondition C2THEN  restriction Rki

Rr IFcondition ¢ \ THEN restriction Rr

3.16

R\R2.Rr

3
) (Assignment statement)
X»S

X = small
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season s spring
room temperature = hot
X is large
X is not large and not very small
(Conditional statement)
IF X'is small THEN Y islarge ELSE y is not very large
IF X'is positive THEN decrease Y slightly
IF Xis very small THEN stop
(Unconditional statement)

multiply by X
turn the heat lower
delete first few terms

m

317

rulel IF X1s A\ then Y is BX
rule2: IF XIs A2 THEN y is B2

ruler. IF XIs Ar, THEN y is Br

3.17 .
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3.17
(IF Althen b" “ ' IF A2ZTHEN B2* * .. “a” IF Ar THEN Br)
“ANDH’ “ORH’ “ELSEH’ X y
3.10.2 (Decomposition of compound rules into simple

canonical forms)

IF it is raining hard
THEN close the window
IF the room temperature is very hot
THEN IF the heat is on
THEN turn the heat lower
ELSE IF (the window is closed). AND (the air
conditioner is off)
AND (it is not raining hard)

THEN open the window



3.103

Ml = -1+ +— +

/aree -

ELSE IF (the window is closed)
AND (the air conditioner is on)
THE open the window

(Linguistic terms) (Linguistic hedge)

hot, cold, hard, lower
“ANDHim .IHORH “NOTH

“Very”, “much”, “slightly”, “more or less”

“very”, “more or less”, “slightly”

[1,5] “air

08, 06,04, 02

12 '3 4 %

Hlarge”

02,04 06 08 1
17 T3y

48
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“very small’

very small = (small)2 (3.36)

']1 06 036 016 004
St 2+ 3+ 445

very very small = (small)4= (very smallY (3.37)

104 01
ST+ 2+3

“not very smair

not very small = J------- — (3.38)

04 06 08 1
2+ 3+4+45

1,08 06,604
not very larve $4%5 t= ¥

“AND” “not very small and not very large™\?i

not very small and not very large = (not very large)n(not very small) (3.39)

04 06 08 IW I 09 06 04N
<2+3+4+ 7°1+2+3+4V

04 06 04
2+3+4

“olus /"= a' B (3.40)



“minus A” = A0B

) , To0 forx<x0
more than A™ = [1- /uAa‘xaqo r%>x0

X0

3.10.4 “AND”

y IFxis A" AND a2 .. AND AL THEN y is B2
As

As=A'nAn..nAL

IF AS THEN 55

y IFx is + OR A2..OR ALTHEN y is BS

IF x is AS THEN Y is BS
As

A =A'UAY . Al

“OR”

50

(3.41)

(38)

(3.43)

(3.44)

(3.45)



3.105 “ELSE”, “UNLESS”

) IFA THEN ( LELSE 2

IF A" THEN B] OR IF NOT ALTHEN B2

) IF/IL(THEN B) untess a2
IF A" THEN B' OR IF A2 THENNOT 1

) IFA" (THEN lelse if a2then B2
IF A" THEN 10OR IF NOT A] AND A2 THEN B2

3.10.6 IF-THEN (Nested IF-THEN rules)
| ) IFA' THEN (IF A2THEN )

IF A" AND A2THEN B

) IFa' THEN (IF A2 THEN (FF ... 9)

IF A" AND A2 AND .. THEN 1

) IFA] then if a2then if AATHEN 1ELSE 2ELSE 3

IF A" AND A2 AND A3THEN 1

OR IF ALAND A2 AND NOT A3THEN 2

“0IT

ol

(346)
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OR IF NOT a' then B3

IF A] (THEN (IF A2 (THEN IF A3 THEN (B] ELSE B2)ELSE£)

3107 '- (Canonical FRBES

forms for multiple-input multiple-output physical systems)

A|42.u )<1 : /: 112!"'1«
BB.. m A,
h=12. 318

"OF X is A\ and x2is IAND.AND x, is a'

THEN y} is B\ and y2is 2AND..AND ym is B'm
R2:1F X is A\ AND x2is A \AND..AND xnis A\

THEN y\ is BJLAND y2 is B'2AND..AND ym is B'm

Rr:IF X is Ah AND x2 is ARAND..AND x, is Ar,
THEN s Br, AND Y2 is BI2AND...AND ym is Bm

3 18



)

3.19

R]:IF X is A\ and 2 is AZAND...AND X, is A],
THEN ¥ is B]

R2:IF x, is A\ and x2is A2AND..AND x, is A,
THEN y is B2

Rr:IF x0is A\ AND X2 is A2AND..AND X, is Ar,
THEN y s Br

3.19

forms)

R':IF x=x1 THEN y =y1ELSE
R2:IF x=x2 THEN y = y2 ELSE

Rr:IF x=xr THEN y = yr

3.20

53

(Singleton



IF X=X -»>y=yi:i=12, .71

)

R]:IF x0 <x<x, THENy =y] ELSE
R2:IF X <x<x2 THENy =y2 ELSE

Rr:IF xr1 < X<Xr THEN y = yr

3.21

IF x. 1< X< X ->T =T=T>:j= 12, -

)

ALIF X0 <X<X THEN yis.. ELSE
£2:1F Xi <X<x2 THEN ) is £2 ELSE

Er:IF xr1 <X<xr THEN y is Br

3.22

&:1=1.2,..[-

IF x. 1< X< % ->y=Ey=B1l:i=12 ../

54



R':IF XisA' THEN y =yt ELSE
R2:IF X:SA2 THEN y = y2 ELSE

Rr:IF XisAr THEN y = yr

3.23

Ak

R':IF XisA' THEN y =/1%) ELSE
R2:IF XisA2 THEN y = /2x) ELSE

Rr:IF XisAr THEN y =fr(x)

3.24

yi(x),/2AX) ..

(Sugino’s fuzzy model)

3.24

55
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311 (Systems of fuzzy relational equations)
IF A THEN B
R
B=A+R (3.47)
Rl:y =X*R1
R2:y =x+R2
Rr-.y=x»Rr (3.48)
y k=12 X

12 T (3.49)

Yer(Y): > y-0] k

(349)

R ={R\R2 ..R} (3.50)



3111 (Aggregation of rules)

/

(Conjunctive systems of rules)

(Disjunctive systems of rules)

)
Y = (/) and 02 AND .. AND (/)
y=1 1 ...
MyG) = minfyyx(), way), . v, J'ef
)

Yy=()OR(y2OR OR 00

>>= [ ...

Ily(y) = waxjjiiyi0), Aya(y), ... , Liyri§)] y

(Parallel computation)

y

51

“AN DH

(351)

(352)

“ORH

(353)

(3.54)



y =x»R RiR2 .Rr

3.25 “

R,

R, k“

3.25
3.26
(Aggregation) 3.20
R S
> e ——

> T=R.S

3.26

58
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| 'T=RS | .
X y
3.27
3.11.2 Rk
R
(Fuzzy implication) (Extension principle)
' (Fuzzy implication) R
IF THEN
IF A THEN B
[? XXT
Mr (x,y) = max{min[juA , Mb (y)], 1- Ma } (355)

(356)

Mr (xy) =mcix{tiz , [l-Ma ]}

Mr(* =mnMA - M ] (Correlation-minimum) (3.57)
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Mr (x.y) = min{ 1-Ma(x) +Mb O)]} (3.58)
MR (x,y) = min{ L[ma (*) +Mb 0)]} (3.59)
He(x,y) = min 11 M), (3.60)
e (y) = W[ ()« mo ()], Wewa (4)]3 (3.61)
Mr (x.y) = Ma (X)» Mo (y) (Correlation-product) (3.62)
ML) = a1 (3.63)
Rkt [ 1 Othe}wil (3.64)
3.46 (Zadeh’s implication)
M Biy) < Ma(x) (x.y)e(x-y) (3.55) (3.96)
(3.48) correlation-minimum
(Mumdani’s implication) A B R=AXB
Mafx)>05  [/60)>05
(357)
(Luckawiclimplication) (3.58) bounded sum implication (3.61)

(3.62) correlation-product
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) (Neural network) (3.64)

(Goders implication)

(Extension principle) :  / XiXx .. XX,
y y fixke . xi Au A2
..An BUMy /
HB(Y) = Sup(x,,x2,...,xn) = f-\y){Mm\/uA(x¥,nAx2) -, HAnxn% 365
wQ=0 ['§)-+
I ()

JARX. AN, X2 .o x) A X X2 X,

3.11.3 (Composition of fuzzy relations)

Max-Min ~ Max-Product

Max-Max, Max-Min, (p,q)

Composition, Sum-Prod ~ Max-Ave



Max-Min composition

yk=x» R¥

JUykiy) = eaxxev
Max-Product composition

yk=x*1?

Juykiy) = maxxeX \jux(x)*jiRk (x,y)]
Min-Max composition

>"*=X'FRF

/ = minX& {max[/uxix),Jurkix,y)]}
Max-Max composition

yk=x0Rk

JUykiy) = maxxex {max[jix(x),jjRK(<,y)I}
Min-Min composition

yk=xAPk

Juykiy) = minxex {min[jUxix),juRkix,y)]}

I,q) composition

="

62

(3.66)

(367)

(3.68)

(3.69)

(3.70)

(3.71)

(3.72)

(3.73)

(3.74)

(3.75)

(3.76)



Myk(y) = maxxJ p) {mm {gjux(x).jjRk(x,y)]}

mecxJ p) a(x) = in/"*\‘*z..*lJe*

minja(x),>(*)] = 1- mini [,[I-a(x)]9+[I-6(x)]9]
-Prod composition
yk =x

MYK(Y) = 1§ "Leex[Mx(x) jURKxy)])

Max-Ave composition
yk = Xe VI

Pyk(y) = 12{maecX&x[jux(x)+juRk(x.y)]}

3.12

(Solution of a system of fuzzy relational equations)

63

(3.77)

(3.78)

(3.79)

(3.80)

(381)

(3.82)

(3.83)
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Max-Min  Max-Prod (3.67)
(3.68)
) Max-Min
“OR” ELSES y
(353)  (367)
Py(y) = maxkjwoxeA[mintfix(x),/y (xy)1}] (3.84)
uy(y) $ X

(Non-interacting) (3.84)

Py(y) =maxknaxxex [min[/Le (*1).Px2(*2)  Pxn(x ).Mifk (*1.x2  x . ]} (3-89)

X=1x,x2  x]

“AND” (357)  (367)
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) Max-Prod
J (352)  (369)
=maxk [maxxzx Mx[y) « MRk{x.y) j (3.86)
(3.86)
My{y) = maxk {maXxeX [UX(x,). fi 2(x2)e-+MxJIX,), MRK(*1.x2 ...xn> } (3.87)
My [yl = maxk {maxxzx mi«[n  (*1), M*2(x2).-==-Mxn(xn) e MRk (*1,*2 1} (3-88)
(354)  (369)

3.13 ?

(Graphical computation techniques for fuzzy relational equations)

2 X, X2 1 y
| =Xiox2o0F k=12, .1 (3.89)

“0” Max-Min Max-Prod p*
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EF x\ is/I/ AND x2 is Ai THENY is€E1 k=12 ..r

X], x2
(Sensor)
e = (Xi-x) =1, x=x
=0, x (3.90)
L = (x2-x2 =1, x=x2
=0, X (3.91)

(3.85)

Mr(y) = maxk\ maxxex 4 maxeex2{ n[vx\X\). vx2¢2) /v (xt*2> 13} (3.92)

(390)  (391) (3.92)

Mr(y) = maxk {»«* 6XLmax.12€x 2 (min[ Rk (x1,X2,y] ) }} 39

= maxk nRk(xItx2,y)

Xi=Xl,x2=~x2 y =y (3.57)

HY[y) = maxk\mit\ [/~ (x,), n Ak(x,), l.iRk{y) (3.94)



(3.94)

3.28

y = DEFUZZ\Uy ()]
Max-Prod-
(3.86)
M y) =fraxk\maxxleX {maxx26X2r~ 1(*1).px2(xI\ MRk(*1,%2, 133

(3.94) (3.95) (3.96)

My) =maxk{>na>o<]6W{?1a>erx2{<AX\ - )'M \ - *|)-FRk(x\'x2 3) )}}
- FRK[X\'x2.y)

Bt *1=*1,x2=72 y =y
(353)
My) =maskq. WAk Pk e pVBi( }
(3.98)

3.30

7 = DEFUZZ[pr(y)]

67

(3.95)

(3.96)

(3.97)

(3.98)

(3.99)



68

HB
Han
Haz

min
3.28 Max-min

Hpi
Han
Harz

min

519 329 I5M QYUY Max-Prod
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Xi X2

(3.85)

My (y) = maxk{ ™xxeX § maxe A2 « 1<1(4]). 12l MRkdx2 ) 1 (3.200)

(3.57)
WX MX e (3.101)

(3.101) 330

Hpi

Han

Harz
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Max-Prod

nro= e 25X [ -1 TF2)F A (v x 2} (3102)
(3.86)
Ay\= A
ppemeke e : I (3.10)
(3.103) 331
Hg)
Han
Harz

1331 Max-Prod



*1 *2

y =J{X\,X2)

3.14 (Defuzzification)

) (Maximum method)

y = DEFUZZ[pY(y)]

maXyElpr(y)] = Mr(y)

My A

3.32

1

(3.104)

(peak point)

(3.105)

(3.106)



12

(Centroid method)

- fMr(y)-yd
=S 3107

Mt

r >
3.33
(Mean of maxima)
(Symetrical fonctions)
Mr(y) =maM y1 2 (y)  Myr[y] (3.108)
rkyyki- K ()] 3.109)
k=t (% | %
y= k=1 H,, (y_y (3.110)
Tk #yk(y"



13

v

v v
Yi )2

d' o I
31N 3.3¢ msadsauuUANNga

3.15

3.35

“IF-THEN”

2 y*
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toput
observations xi ¥ Human operator y(t)
(fuzzy) *q output(crisp)
X\ y*(t)
mp_msensor Xt Fuzzy rule-based system 3 Defuzzifier - >
(eisp) " Approximated output
(crisp)
3.3
IF-THEN
(IF) (THEN)
( max )



3.36

! Daabase |

set point Fuzzification Rule base Defuzzification
: Unit Unit
Fuzzy Inference Fuzzy
Engine
................ FLC.//./[.4.

state variable

controller output (non-fuzzy)

(non-fuzzy) Process

3.36

(Scaling) (Scaling factors)

“IF-THEN”
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Nange)l

3151 :

(€), (2>) {de)

E E=[e, Ze.de]

(Linguistic term)
PB (Positive Big), PM (Positive Mediun), PS (Positive Small), ZE (Zero), NS

(Negative Small), NM (Negative Medium), NB (Negative Big)



3.15.2 (

X = Fuzzifier (x0)
X0

Fuzzifier

3.15.3 (Knowledge Base)

(Rule base)

7

(3.110)

(Data base)



(Linguistic rule)

(Continuous) (Discrete)
(Quantization)
(Segment)
S

RES=

(3.112)

18



3.37

/ (Fuzzy partition of input/output spaces)

A

Y

NB NM NS ZE PS PM PB

\ 4

19



THEN’

data-driven)

Rule 1:IF X is Au AND .. AND X, is A\, THEN

Rule2: IF x is A2 AND .. AND xm is AIn THEN

Rulen: IF X is Al AND .. AND X, is Am THEN

X

Xi  PB, PM, PS

, Bi

AND

3.154

Max-Min

CZECNS oy

N

f=1 .. ,trj=1..m

3.12

80

‘IF-

) (One-level forward

y is B
y is B2
y s

A

PB, PM, PS, ZE, NS, NB
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, Max-Prod

3.81 3.82

Rule 1:IF X is Au AND x2 is An THEN Yy is 5,

Rule2:IF x is A2 AND x2 is A2 THEN Yy is B2

a X, X2
«1,02
(3.113)
al =min[nAL(xi\,tiBL(x]} (3.114)
Max-Min
/ d, AjuBI(y)
B (3.94)

HB( =max\mm™aj,iuBL{y)" mm\*a2, 82 )]} (3.106)

3.38 Max-Min X X2



3.39

Han

82

Hai

Lary ‘ Bl
\ L&
[T\ -
¥ : Hp2 4 /\
/\\#Azz //\ ii B2
y

o %
min
3.38 Max-Min
Max-Prod
; (X juBi(y)
B (3.97)
PB(y) =max 1 !(y)),(@2.fik )} (3.115)
Max-Prod Xl X2
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Ha
Han Hard Bl
[1\ | L&
U V y

L /\ ,UA22| /\ /\BZ

min

3.39 Max-Prod
3.15.5 ««
{(av)
Yo = Defiizzifier (y) (3.108)
y
Y0 Defuzzifier
?
(Mean of maximum) [ (Center of area)

(3.107)  (3.110)



£ajMj

£a.A

(Suport value)
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(3.118)

(3.119)
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