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Membership Function (MF) Formulation
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MF Formulation
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MF Formulation

1

Sigmoidal MF: sigmf ( x; a b, ¢) =

l + e—a(x—c)

Extensions:

Abs. difference
of two sig. MF :

Product 'Z:>

of two sig. MF

disp_sig.m
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MF Formulation
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Example: £ (x)= Jmax(0,1- x) Fy (x) = exp(-|x[°)
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Cylindrical Extension

Base set A Cylindrical Ext. of A

(a) Base Fuzzy Set A (o) Cylindrical Extension of A
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2D MF Projection

Two-dimensional Projection Projection
MF onto X onto Y

(a) A Two-dimensional MF (b} Projection onto X (c) Projection onto Y

Hr(X, Y) Ha(X) = He(Y) =
project.m m?XHR (X,y) Maxtg (X,y)




2D MFs
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(a) z = min(trap(>), trap(y)) (b) z = max(trap(x), trap(y))
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(c) z = min{bell(x), bell(y)) (d) z = max{bell(x), bell(y))
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Intersection of Fuzzy Sets

(A n B) (x) = min (A(X), B(X) )

Copyright 1995, Dr. Enrique H. Ruspini , All Rights Reserved - used with author’'s permission



Intersection of Fuzzy Sets
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Union of Fuzzy Sets

(A O B) (xX) = max ( A(x), B(x) )

Copyright 1995, Dr. Enrique H. Ruspini , All Rights Reserved - used with author’'s permission



Complement of a Fuzzy Set

b AX)

1

TA(X) = AKX =1-AKX)
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Fuzzy Set Operations
A(X) B(x)

1

(A n B)(X)

Intersection 1 N ;

AN
AN

Union
(A O B)(x)

Complementation 1

A(X)
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Fuzzy Set Operations

« Zadeh’s Original Definitions

Intersection: (A n B)(X) = min [A(X), B(X)]

Union: (A 0O B)(x) = max [A(X), B(X)]

Complementation A(_x) =1-A(X)

e Other Definitions

Intersection: (A n B)(X) = T-norm [A(X), B(X)]

Union: (A 0O B)(x) = T-Conorm [A(X), B(X)]

* Isomorphisms between fuzzy sets, algebra, and logics.

* Original definitions form a Brouwerian lattice:
{Boolean ring properties} but not {excluded middle, law of non-contradiction}

» Beside (min, max) no other pair (T-norms, T-conorm) satisfies distributivity
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Fuzzy Set Inclusion

A(X) < B(X)

Copyright 1995, Dr. Enrique H. Ruspini , All Rights Reserved - used with author’s permission



Degree of Inclusion

(A - B)(X) = max [ 1-A(X), B(X) ]

Copyright 1995, Dr. Enrique H. Ruspini , All Rights Reserved - used with author’'s permission



