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We propose a new method for the best representation of dynamical nonlinear systems.

The proposed approach develops some ideas from our published works [1, 2] and is based on the best
constrained approximation of mapping F in probability spaces by polynomial operator P, of degree r.
The operator P, is designed from matrices of a special form. As a result, the approximant preserves the
causality principle [3] and minimizes the mean square difference between a desired output F(x) and the
output P,.(y) of the approximating model P,..

It is supposed that the observable input y represents an idealized input x contaminated with noise.
Unlike the known approaches to the modelling of nonlinear systems, it is not assumed here that x and
y can be presented as analytical expressions. The inputs and outputs of the system under consideration
are elements of the probability spaces and therefore relationships between them are assumed to be given
by some covariance matrices only. Another difference is that we consider the optimal causal model of
nonlinear systems. In other words, the model that we provides guarantees the smallest associated error
in the entire class of models under consideration.

An optimal model of the nonlinear system is provided here for the first time in the wide class of
polynomial operators P, while preserving the principle of physical realisability, causality.

We present the model of the nonlinear system, reformulate and extend the heuristic definition of
causality and show how the model is adjusted to the causality concept. In particular, we define so called
(6, €)-causality which is closer to realistic conditions than the earlier notion of ‘idealized’ cuasality. To
satisfy the causality concept, the model is reduced to a representation by matrices of special form.

We provide a constructive solution to the problem, i.e. we obtain the equations for the matrices which
determine the optimal model P?. We also establish the error equation associated with P?. It is shown
that the model has a degree of freedom, the degree r of the operator P,.. In particular, we establish that
the error is decreased if the degree r of P? is increased.

Results of numerical simulations are also presented.
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