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Outline
As computer and database technologies advance rapidly, data accumulates in a speed unmatchable by
human capacity of data processing. Thus, approximation of unknown functions from sampled data is an
important activity in modern modeling and systems theory. It is important to develop models from the
data, which have sufficient generalization power and can describe the underlying process with accuracy
despite the nonlinearity and the complexity of these processes. Fuzzy systems are known to be universal
function approximators that can be used to model real-world systems. Furthermore, they have the
additional advantage that the models generated can be interpreted in linguistic terms. Conventional
fuzzy modeling techniques have focused on approximating deterministic functions. However, fuzzy
systems can also be used to approximate probability distributions and model stochastic systems. In the
past decade, probabilistic fuzzy systems (PFS) have been proposed for this purpose.
PFS are mathematical models that combine fuzzy set theory and probability theory for estimating
probability distributions. They are an innovative approach in systems modeling, in which the models
combine fuzzy uncertainty and probabilistic uncertainty in a unified way. This tutorial gives an
introduction to the theory of PFS and discusses results from recent research regarding different model
structures, methods for identification of parameters and applications.
The tutorial consists of three parts. In the first part, basics of fuzzy modeling are revised and
probabilistic fuzzy systems are introduced in their basic form. Interpretability issues and transparency of
fuzzy models are also discussed. In the second part, the theory of probabilistic fuzzy systems is
discussed. Several types of rule bases and the associated reasoning algorithms are discussed, as well as
methods for parameter estimation. Both semi-heuristic approaches such as sequential modeling as well
as simultaneous maximum likelihood estimates are discussed. In the third part, application examples are
given from the domains of finance and clinical decision making. In this way, participants obtain an
overview of the theory as well as applications of the PFS.

Expected audience
This tutorial builds up in the last year tutorial, which was a big success. The tutorial is of interest for
researchers, practitioners and graduate-level students (PhD or advanced Master students) working in
the fields of soft computing and computational intelligence, who are interested in fuzzy models for
estimating probability distributions. The attendants are expected to have a basic knowledge of fuzzy sets
and fuzzy systems.
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