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Revisao — crisp e difuso

A = conjunto das “pessoas altas

Conjunto Crisp A

”

Altura
cm
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Conjunto difuso A

Funcao de
Pertinéncia

Altura
cm




Revisao — pertinéncia e modificadores

* Maedidas subjetivas
* Na&o sao funcdes probabilisticas

“alto” na Asia

“alto” nos US

“alto” na NBA

Altura
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Revisao - notacao

Definicdo: Um conjunto difuso A em X é expresso como sendo o par ordenado:

-
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Revisao — conjunto difuso discreto

Conjunto difuso com universo discreto
« Conjunto difuso C = “cidade desejavel para morar”
X = {SF, Boston, LA} (discreto e nao ordenado)
C ={(SF, 0,9), (Boston, 0.8), (LA, 0,6)}
(valores de pertinéncia subjetivos!)

« Conjunto difuso A = “numero razoavel de criancas”
X={0, 1, 2,3,4,5, 6} (universo de discurso)
A ={(0, 0,1), (1, 0,3), (2, 0,7), (3, 1),
... (4, 0,6), (5,0,2), (6, 0,1)}
(valores de pertinéncia subjetivos!)
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Revisao — conjunto difuso continuo

Conjunto difuso com universo continuo
e Conjunto difuso B = “cerca de 50 anos de idade”
X = conjunto de todos os numeros reais positivos (continuo)

B ={(x, ne(x)) | X € X}
1

2
1+[x—50j
10

HB(X):
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Revisao - Nnotacao

Notacgao alternativa

Um conjunto A também pode ser denotado da seguinte forma:

Dr. Djamel Bouchaffra



Termos linguisticos e particao

Particao Fuzzy

n  u

Particdes difusas sao formadas por valores linguisticos: “young”, “middle aged”,
e “old”. Cada termo T(age) é caracterizado através de um conjunto difuso no
universo de discurso X = [0,90] .
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Definicoes basicas

suporte(A) = {x € X | n,(x) >0}

core(A) ={x € X | u,(x) =1}

normal: core(A) # & = A é um conjunto difuso normal
crossover(A) = {x € X | p,(x) = 0.5}

o-cut: A, = {x e X | p(x)=a}

strong o - cut: A’ = {x € X | p,(x) > o}

Dr. Djamel Bouchaffra



Definicoes basicas & terminologia

-

<— Core —= j

Crossover points

o - cut

Support

suporte(A) = {x € X | n,(x) > 0}
core(A) ={x € X | pu(x) =1}
normal: core(A) # @ = A é um conjunto difuso normal
crossover(A) = {x € X | p,(x) = 0.5}
o-cut: A, = {x e X | ux) =a}
strong o - cut: A’ = {x € X | pp(x) > a}
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Definicoes basicas & terminologia

Convexidade de conjuntos difusos
Um conjunto difuso A é convexo . Ou seja, VA € [0, 1],

A +@=2A)x2) = min(ua (X)), La(X2))

Alternativamente, A é convexo se todos 0s seus a-corte sdo convexos.

(a) Two Convex Fuzzy Sets (b A Noncornvex Fuzzy Set
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Definicoes basicas & terminologia

Numero Fuzzy: um numero difuso A é um conjunto difuso em IR que satisfaz as
propriedades de normalidade e convexidade

Simetria: um conjunto difuso A é simétrico se sua funcao de pertinéncia é
simétrica ao redor de certo ponto x = ¢, a saber

Ha(X +¢) = pp(c—x) VxeX

»

MaA(X) 1

1

v
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Operacdes com conjuntos difusos

Subconjunto:

AcBepa=up
Complemento:

A=X A pa(X)=1-pa(x)

Unido:
C=AuB<p(X)= maX{HA(X)’ HB(X)}: ta(X)V g (X)

Interse¢ao:

C=AnB < pu (x)=min {HA(X)’ HB(X)}: LA (X) A pg (X)

Dr. Djamel Bouchaffra
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Operacdes com conjuntos difusos

Als Contained in B (@) Fuzzy Sets Aand B (b} Fuzzy Set "not A"
. P— .

Membership Grades

(c) Fuzzy Set "A OR B" (d) Fuzzy Set "4 AND B"
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Uma dimensao

¢ Triangular:

¢ Trapezoidal:

¢ (Gaussiana:

¢ Generalized bell:

Funcdes de pertinéncia

trimf (x;a,b,c) = max(min(

a’c—xj’oj
a c—b

Xx—a , d—xX

trapmf(x;a,b,c,d) = max(min(

1/ x—c
gaussmf(x;c,o) =e 2[ c

111
b—a d-c

;

gbellmf(x;a,b,c) =
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Funcoes de pertinéncia

(a) Trianguler ME (b) Trapezoidal MF
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(c) (zaussian ME (d) Generalized Bell MF
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Funcoes de pertinéncia

Mudanc¢as dos parametros da funcao de pertinéncia generalized bell.

(a) Changing 'a’ (b) Changing b’
1
0.8 1
0.6 - gbellmf(x;a,b,c) =
0.4 1 1
02 —
2b
a ; 0 : : - X—C
q0 5 0 5 10 a0 5 0 5 10 1+ 5
(c) Changing 'c’ (d) Changing &' and 'b’
1 ]
0.8 1
0.6 1
0.4 1
02 1
a : : : 0 : : :
-10 -5 0 5 10 -10 -5 a ] 10
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Funcoes de pertinéncia

1
—a(x—c)

Sigmoidal: sigmf(Xx;a,c) =

1+e

Extensoes

Diferenca absoluta

De duas funcgdes

Produto

De duas funcoes
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Left —Right (LR):

Exemplo: F

c=65 .;
a=60 jat

-
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Funcoes de pertinéncia

LR(X;c,o,B) =+

(X) = \/max {O,l— X° }
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(C— X))

NI O
(x—c)

. B )
Fe (X) =exp(—X°)

c=25
a =10
B =40
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Funcdes de pertinéncia

A lista de funcgdes de pertinéncia introduzida nesta secao nao é de forma alguma
exaustiva.

Outras funcdes de pertinénia especializadas podem ser criadas para aplicacdes
especificas, se necessario.

Qualquer tipo de fungdes continua de distribuicao de probabilidade pode ser
utilizado como um funcao de pertinéncia.
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Conjuntos difusos - Operadores de intersecao

Intersec¢ao (t-norm) zu(m.ﬁ} (.X.'i) — M, (JE) N Hg (.I'i)

Minimo: tang(xi) = min[palz;), pp(x;)]
produto:  pans(Ti) = palz;). pplw;)

Soma limitada: HANE (:L'-.E) — ok [(-O: HA l:-j::i ) B { A ) - 1)]

S

A B
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Operadores de intersecao - t-norms

Para conjuntos difusos arbitrarias A e B, definidos sobre o universo x € X, cujos membros
sdo indicados por valores y = p,(x) e z = py(x), correspondentemente, algumas t-norma
sao:

(T1) Drastic product 2Ly 7] = {min(y,z), if max(y,z)=1

0, Ify<land z<1

(T2) Hamacher product:[{§V4E _yz
y+z-y-z

y -z
(T3) Dubois-Prade class t]/[y’z] = W, y €[0,1]

LRSI (), 2]-1-min(1, [(1-y)"+(-2Y]" |, o<[0,%)
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Conjuntos difusos - Operadores de intersecao

Unido (t-conorm)
Heaom) ()=, (x)V/ pz(x,)
Maximo:
taue(ri) = maxpalx;), pelx;)]
Produto ou soma probabilistica:

Soma limitada: HANB (@ z‘) — HA (fﬂ:') +HB (iﬂ i) - HA (fﬂi] HB (iﬂ 5;)

A n M g(x;) = man| L pea(e;)+pe(x;))

>
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Operadores de intersecdao — s-normas ou t-conormas

Para conjuntos fuzzy arbitrarios A e B, definidos sobre o universo x € X, cujos membros sao
indicados por valores y=p1,(x) e z= pg(x), correspondentemente, algumas defini¢des s-norma
sao:

max(y,z), i min(y,z)=0
1, if y>0and z>0

(S1) Drastic sum: s°ly,z] = {
(S2) Hamacher sum:

(S3) Dubois-Prade class: sy, z]= w <[0,1]
/4 yl 14 7/ 4
max(y, 1-y, 1-2)

(S4) Yager class: s [y, zl= min(l, (o + za)%), o €[0, )
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Conjuntos difusos - Operador do complementar

Complemento

plri) =1 — palr;)

A

Teresa Bernarda Ludermir
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Conjuntos difusos - Operador do complementar

Operador c é chamado de complemento fuzzy, se satisfaz os seguintes axiomas
para qualquer xey € [0,1]:

[Ax.1] c[0]=1 and c[1]=0 (boundary)

[Ax.2] clxl>clyl, i x<y (monotonicity)
[Ax.3] cl c[x] ]=x (/involution)

Alguns dos operadores para o complemento fuzzy:

(C1) Sugeno’s complement:

(C2) Yager’s complement:
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Exercicios

Two fuzzy sets A and B, both defined on X, are as follows:

uix;) x X2 X3 X4 X5 Xg

A 0.1 07 08 10 07 0.1
B 10 09 05 02 01 O

~

Express the following A-cut sets using Zadeh’s notation:

(a) (A)o.6. (e) (AB Ao
(b) (B)os. (f) (BN B)os,

(c) (AUB)gs. (g) (AN B)gs.
(d) (AN B)os. (h) (AUB)o7.

Fuzzy Logic with Engineering Applications: Timothy J. Ross, McGraw-Hill
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Exercicios

The fuzzy sets A, B, and C are all defined on the universe X = [0, 5] with the
following membership functions:

X
pp(x) = 2. and pe(x) = ‘—+5

(a) Sketch the membership functions.
(b) Define the intervals along the x axis corresponding to the A-cut sets for each
of the fuzzy sets A, B, and C for the following values of A:

1) A=0.2
() A=0.6
(i) A=09
(iv) A= 1.0.

Fuzzy Logic with Engineering Applications: Timothy J. Ross, McGraw-Hill
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Exercicios

Assume you were told that the room temperature is around 20°C. How would you
represent this piece of information, or concept, by (a) a set and (b) a fuzzy set? Ask
someone else to answer this question independently and compare his answer with
yours.

The middle point of a line segment is, at the same time, close to and far from its
extreme points. How would you geometrically depict this idea through (a) a set
and (b) a fuzzy set, both in the unit square?

Pedrycz, W. and Gomide F., An introduction to Fuzzy Sets, 1998, MIT Press
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Exercicios

Given the fuzzy set A with the following membership function

X —5, se5<x<6
A(X)=<—x+7, seb<x<7
0, casocontrario

a) Sketch the graph of the function. What is its type?
b) How would you attach a linguistic description to the concept conveyed by A

Assume fuzzy set A = 1.0/1 + 0.8/2 + 0.5/3 + 0.1/4 defined in X {1, 2, 3, 4, 5}. Find all
a-Ccuts.

Pedrycz, W. and Gomide F., An introduction to Fuzzy Sets, 1998, MIT Press
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Exercicios

Consider the fuzzy set A whose membership functions is

%(%—-%), se5<x<8

AX)=1{%(%-1%), se8<x<11
0, casocontrario

a) Sketch the graph of the function. What is its height? Is it normal?

b) Perform the operations of concentration, dilation, contrast intensification, and fuzzification
for the normalized (if A is not normal) fuzzy set. After performing these operations, what can
you say about them and the normalized (again, if A is not normal) fuzzy set regarding the
inclusion and equality relationships.

Pedrycz, W. and Gomide F., An introduction to Fuzzy Sets, 1998, MIT Press 31



Exercicios

Consider two fuzzy sets with triangular membership functions A(x; 1,2,3) and B(x; 2, 2, 4).

a) Find their intersection and union and express them analytically, using the min and
max operators.

b) Exercise the intersection and union by choosing different t-norms and s-norms.

c) Find the complement of A and B and intersect them with the original sets using
several t-norms. Repeat the same with the union operation using several different s-
norms.

Pedrycz, W. and Gomide F., An introduction to Fuzzy Sets, 1998, MIT Press 32



