Cartesian product

R = A xR, x. XA

K

| Xj € Xk (X) = minfuai ()i =1..;n

:{[x=(xl:XZ;---;xn);uK(x) = [ (X13 X230 Xp)]

|

Fuzzy sets

1,0

0,0

Fuzzy set A, Fuzzy set A,
A Hai(Xy) A Hao(Xy)

| /\ |
> 0,0
X1
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Extension principle

R—)E‘ Rgxlx...xxn;ﬁgz

B= {(z;pB(z)) Z € Z;(Xg;m; Xp) € Xy XX Xy |

z=f(Xy;.0 X,

SUp. N L1ty (6,1, i 32 =F(x,.3x,)
/JB(Z)—{ )

0 otherwise

Fuzzy input sets Fuzzy result set
Cartesian product

Ny
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Extension principle - example

Fuzzy input sets (discrete)

() A Fuzzy setX,= A ) A Fuzzy setX, = A,
1,0 - ? 1,0 —--oemrmmmmmmmmme s )
I -4
O R ] R 1t
O O i s »
0,6 1 ---mmmmmeeeeeeees -9
) T S
8'% N IIIIIIZ"IIFII . III... 8’% L e I
0,0 . T»O:OJVTT T>
3456789 x 12 | 14 16 18‘20x2
13 15 17 19
Z=F(X{;X5)=3-X; =X, +5
(3;01) |(@4;03) |[(5;08) |(6;1,00 |[(7;07) |(8;02) |(9;0,1)
(12;0,1) | (2;0,1)
(13;0,)
(14; 0,6)
(15; 0,6)
(16; 1,0)
(17;0,9)
(18; 0,8)
(19; 0,2)
(20; 0,1)

v
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Extension principle - example

Fuzzy input sets

() A Fuzzy setX, = A, ) A Fuzzy setX, = A,
()R E— ? (10 N
I 9
0,8 - oo » I ~f-p
R ool
0,6 1 ---mmmmmeeeeeeees -9
O R
0.2 | oo F T 1) S
e o o 0,1 g I
0.0 & L oo 71T T>
3456789 x 12 | 14 | 16 18‘20X2
13 15 17 19
Z=F(X{;X5)=3-X; =X, +5

(3;01) |[(403) |(508) [(6;10 |(7;07) [(802) [(90,1)

(12;0,1) | (2;0,2) (5;0,1) (8;0,1) (11;0,1) | (14;0,1) | (17;0,0) | (20;0,1)

(13;0,1) | (1;0,1) (4;0,1) (7;0,1) (10;0,1) | (13;0,1) | (26;0,1) | (19;0,1)

(14;06) | (0;0,1) |@3;03))]|(6;06) |(9;06) |(12;06) | (15;0,2) | (18;0,1)

(15;0,6) | (-1;0,1) | (2;03) |(506) |(8;06) |(11;0,6) | (14;0.2) | (17;0,1)

(16;1,0) | (-2;0,1) | (1;0,3 (4;0,8) (7; 1,0 (10;0,7) | (13;0,2) | (16;0,1)

(17;0,9) | (-3;0,1) | (0;0,3 (3;0,8) (6;0,9) (9;0,7) (12;0,2) | (15;0,1)

(18;0,8) | (-4;0,1) | (-1;0,3) | (2;0,8) (5;0,8) (8;0,7) (11, 0,2) | (14;0,1)

(19;0,2) | (-5;0,1) | (-2;0,2) | (1;0,2) 4;0,2) (7; 0,2) (10; 0,2) | (13;0,1)

(20;0,1) | (-6;0,1) | (-3;0,1) | (0;0,1) (6;0,1) (9;0,1) (12; 0,1)
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Extension principle - example

Fuzzy result set

He(2) A . =~
1,0 — e * Fuzzy resultsetz =B
R ’
0,8 9499
0,7 | 1 (RET| EEE ERE .99
0,6 -1 ST IR LR
0,3_*_
T"T"T"T"'}:::[::I:::: ] "::4:T':I"'T"'T"T"T"'T >
-6‘-4‘-2‘0‘2 6 8 10 12‘14‘16‘18‘202
5 3 -1 1 3 5 9 11 13 15 17 19
3;01) |403) [(508) |(6;10) [(7;07) |(802) |(9071)
(12;0,1) | (2;0,2) (5;0,1) (8;0,1) (11;0,1) | (14;0,1) | (17;0,1) | (20;0,1)
(13;0,1) | (1;0,1) (4;0,1) (7;0,1) (10;0,1) | (13;0,1) | (26;0,1) | (19;0,1)
(14;0,6) | (0;0,1) (3;0,3) (6; 0,6) (9; 0,6) (12; 0,6) | (15;0,2) | (18;0,1)
(15;0,6) | (-1;0,1) | (2;0,3) (5; 0,6) (8; 0,6) (11;0,6) | (14;0,2) | (17;0,1)
(16;1,0) | (-2;0,1) | (2;0,3) (4; 0,8) (7; 1,0) (10; 0,7) | (13;0,2) | (16;0,1)
(17;0,9) | (-3;0,1) | (0;0,3) (3; 0,8) (6; 0,9) (9; 0,7) (12; 0,2) | (15;0,1)
(18;0,8) | (-4;0,1) | (-1;0,3) | (2;0,8) (5; 0,8) (8;0,7) (11;0,2) | (14;0,1)
(19;0,2) | (-5;0,1) | (-2;0,2) | (1;0,2 (4;0,2) (7;0,2) (10; 0,2) | (13;0,1)
(20;0,1) | (-6;0,1) | (-3;0,1) | (0;0,2) (3;0,1) (6; 0,1) (9; 0,1) (12; 0,1)
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Extension principle - example

fuzzy input values X, und X, (continuous)

A H(Xy) A L(X)

- 1.0 - 1.0

N\ > \»
02 x4 0 4Xx

mapping operator

z=f(x1;x2):xf+17 x12 +48x1+x§ +13x§ +3 X5 +65

Functipn about
the sugport

12 X1
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Extension principle - example

numerical procedure to compute the fuzzy result

- discretization of the support of all fuzzy input values
- generation of all combinations of discretized elements
- determination of the membership values using the min operator
- computation of the results from all element combinations
using the mapping operator
- determination of the membership values of the result
elements by applying the max operator
- generation of the membership function for the fuzzy result

fuzzy result value z

- Numerical result approximation == exact solution
(1023 combinations) by smoothing

w(z) A
1.0

0.8 Tl R
L L |

06 AL

0.4

0.2

0.0

0.274 2.570 5.859 z
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