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THE THEORY OF FUZZY
STOCHASTIC PROCESSES

Abstract -

Fuzzy stochastic phenomena as well as fuzzy random
vibration engineering problems exist widely in reality, and far
exceed the field that the classical probability methods can be
applied. Therefore, it is a urgent subjects to establish the
theory describing the developing procedure of fuzzy stochastic
phenomena and construct the effective methods solving the
problems of fuzzy random systems.

This present book is an introduction to the theory of
complex fuzzy sets, fuzzy complex analysis, fuzzy differential
equations, the theory of fuzzy random variables, the general
theory of fuzzy stochastic processes, normal fuzzy stochastic
processes, stationary fuzzy stochastic differential équations.
Below is a brief outline of its contents.

In Chapter 2, the definitions of fuzzy complex set and
fuzzy complex number are given, and some properties of them
are discussed. Tt is the first time that the basic concepts of
complex fuzzy set and complex fuzzy number are introduced,
and closure under the basic operations of complex fuzzy sets,
complex fuzzy numbers and that their basic operations may be
performed in terms of a level complex sets are proved. The
decomposition theorem and representation theorem of complex
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fuzzy sets proved successfully in the chapter constructs a
theoretical bridge between complex fuzzy sets and classical
complex sets. This chapter investigates the representation
forms of the extension and multi-variable extension of complex
fuzzy sets, and provides a general method for extending
non-fuzzy mathematical concepts to treat complex fuzzy
quantity. Some fundamental properties of four arithmetic
operations, intersection and union operation, supremum,
infimum as well as superior limit, inferior limit and limit
operations of bounded closcd complex fuzzy numbers are
studied.

In Chapter 3, the methods of fuzzy complex analysis is
brought forward. The concepts of dynamic fuzzy set and fuzzy
set-valued function are extended to dynamic complex fuzzy set
and complex fuzzy set-valued function, in addition, some
properties of them are discussed. On the basis of extending the
concepts of the derived function, primitive. function and
integration of interval-valued function to complex
interval-valued function and using the decomposition theorem
of complex fuzzy set, the derived function, primitive tunction
and integration of complex fuzzy set-valed function and some
properties of them are proved. The fuzzy complex analysis
method advanced by the book provides a effective tool for
establishing the theories of fuzzy stochastic processes, fuzzy
stochastic dynamic systems and fuzzy stochastic systems.

In Chapter 4, time domain and frequency domain solving
processes for fuzzy differential equations are advanced. The
solving precesses of time domain and frequency domain -for
n-order linear fuzzy differential equations are given. The
solving ptocesses of time domain and frequency domain for
system of one order non-homogeneous fuzzy differential
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equations are brought forward. The works in the chapter
provides a indispensable mathematical tool for setting up the
response analysis theory of dynamic systems to fuzzy
interference or fuzzy stochastic interference and fuzzy
differential equations.

In Chapter 5, the theory of complex fuzzy random
variables are constructed. From the point of view of measure
theory, this chapter gives the unified definition of measurable
real (or complex) fuzzy set-valued function and n-dimensional
measurable real (or complex) fuzzy set-valued function, and
discusses the fundamental properties of them and their inverse
fuzzy set-valued function by combining with fuzzy ¢-algebra.
By regarding fuzzy random variables as the particular.cases of
measurable fuzzy set-valued functions and systematizing the
achieved results, opening further up the study, the chapter
introduces the concepts of complex fuzzy random variable, the
distribution function and fall-shadow distribution function of
complex fuzzy random variable, and investigates their
fundamental properties.  The basic  properties and
computational methods of fuzzy probability characteristic such
as the expectation and variance of real (or complex) fuzzy
random variables are studies, and some properties of the
independence and analysis operations of real (or complex )
fuzzy random variables are discussed. The concepts of
expectation, covariance and independence of real (or complex)
fuzzy random vectors are put forward, and their properties are
proved. As metioned above, the construction of complex fuzzy
random variable theory lays a foundation for the further
research on fuzzy stochastic processes.

"In Chapter 6, the theory of fuzzy stochastic processes is
founded. Based on real (or complex) fuzzy random variables
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and vectors, the chapter introduces the concepts of real (or
‘complex ) {uzzy stochastic function and #n-dimensional joint
distribution function, joint fall-shadow distribution function of
real (or complex) fuzzy stochastic function as well as real (or
complex ) fuzzy stochastic process vector and discusses their
properties. Some fundamental properties of fuzzy probability
characterictic, such as the fuzzy mean value function, fuzzy
covariance function and fuzzy variance function of fuzzy
stochastic processes are proved. Solving the basic problems of
fuzzy stochastic processes successfully by introducing the
fundamental concepts of the separability and measurability as
well as the continuity of fuzzy sample functions of fuzzy
stochastic processes, the chapter founds the general theory of
fuzzy stochastic processes.

In Chapter 7, 8, the applications of normal fuzzy
stochastic processes and stationary fuzzy stochastic processes to
engineering are very attractive, these two kinds of fuzzy
stochastic processes and their properties are studies, and the
spectral decomposition theory of fuzzy correlation functions of
stationary fuzzy stochastic processes are advanced and that
normal fuzzy stochastic processes can be determined by their
two order fuzzy statistical quantity and their linear operations
are closure is proved. .

The setting up of the theory of fuzzy stochastic proceses in
Chapter 6, 7, 8 provides the theoretical basis for going further
into fuzzy stochastic systems and fuzzy random systems and
fuzzy stochastic systems.

In Chapter 9, the theoretical frame of fuzzy stochastic
system is constructed. The common characteristic and
connection of deterministic system, stochastic system and fuzzy
system are discussed and analysed. The general definition of
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fuzzy stochastic system is given and that deterministic system,
stochastic system and fuzzy system are the particular cases of
fuzzy stochastic system are proved. The theory of discrete
fuzzy stochastic system is set up. The response analysis theory
of systemn input fuzzy stochastic processes and the analysis
theory of controlled fuzzy stochastic systems are put forward.
The basic problems such as the state space models of fuzzy
stochastic systems and the relations of the input and output of
fuzzy stochastic state space are researched. The theory of fuzzy
stochastic system is the theoretical foundation of the fuzzy
random dynamic systems.

In Chapter 10, time domain and frequency domain solving
processes for fuzzy stochastic differential equations are
advanced. The solving processes of time domain and frequency
domain for n-order linear fuzzy stochastic differential equations
are given. The solving processes of time domain and frequency
domain for system of one order nonhomogenecus fuzzy
stochastic differential equations are brought forward.
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