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Abstract:
The aim of the lecture is to present to the audience a tutorial lecture on stochastic realization of finitevalued and of countably-valued stochastic processes. The lecture was presented at a workshop in
December 2016.
The motivation of the lecture is the use in control and in filtering of stochastic control systems with finitevalued and with countably-valued output processes. Such systems are known as finite stochastic systems,
hidden Markov models, and counting process systems. Research areas in which such systems are used
include: information theory, communication theory, signal processing, queueing theory, control
engineering, etc.
In addition, such systems are used as approximations of continuous-space stochastic systems. Such an
approximation has the advantage that algorithms for filtering and for control of finite stochastic systems are
available.
The concept of a finite stochastic system with a finite-valued output process will be defined both for
discrete-time and for continuous-time systems. The associated concept of a countable-valued stochastic
system is defined in which the set of gamma probability distributions appears. It will be shown that all these
stochastic systems have both a forward and a backward representation.
The weak and the strong stochastic realization problems for finite-valued and for countably-valued
processes will be formulated and embedded in a larger class of problems. The weak problem asks for the
existence of a stochastic realization as a finite system, for the minimality of a realization, and for the
classification of all minimal stochastic realizations. The existence problem has been solved for finite-valued
processes during the 1960's. It is formulated in terms of the probability distributions of the output process
which have to belong to a polyhedral cone with a finite number of vertices.
The minimality of stochastic realizations is not solved satisfactorily yet and the existing approaches will be
discussed. For this the concepts of stochastic observability and of stochastic co-observability are
formulated.
For the classification sub problem, the decomposition of positive matrices into a direct sum of irreducible
positive matrices will be used followed by an investigation of the class of irreducible positive matrices.
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