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ON THE USE OF THE CONTINUOUS WIENER FILTER TO GENERALIZED
FRACTIONAL GAUSSIAN NOISE

The paper is devoted to the investigation of the continuous Kolmogorov—-Wiener filter
weight function for forecasting of the process described by the generalized fractional Gaussian
noise model. Such a model may describe telecommunication traffic, see [1, 2]. Our recent
papers were devoted to the corresponding weight function obtaining for the processes in the
power-law structure function model [3-5], in the “usual® fractional Gaussian noise model [6—
8] and in the Gaussian fractional sum-difference model [9]; see also a review in [10]. However,
the corresponding investigation for the generalized fractional Gaussian noise model is not yet
done. In [11] it is shown, in particular, that the continuous Kolmogorov—-Wiener filter may be
applied to prediction of smoothed heavy-tail processes. So, the problem under consideration is
of interest.

The process correlation function in the framework of the generalized fractional Gaussian

noise is as follows [1, 2]:
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where R(t) is the process correlation function, o is the process variance, a e (0,1] is

a constant and H €(0,5;1) is the Hurst exponent. In the case where a=1 the generalized

fractional Gaussian noise coincides with the “usual” fractional Gaussian noise, see [1, 2].
The Kolmogorov-Wiener filter weight function is the solution of the Wiener—Hopf
integral equation, see, for example, [10], which is as follows:

l.h(r)R(t—r)dz'=R(t+z) )

where h(7) is the unknown weight function which should be derived from (2), T is the

length of the time interval which contains the input data and z is the length of the “future”
time interval for which the prediction should be made.

The corresponding equation is solved on the basis of the Galerkin method, see [12]. In
should be stressed that the Galerkin method is widely used in similar problems; for example, it
is used in our previous papers [3—10]. We use the Walsh functions as the orthogonal functions
in terms of which the unknown weight function should be expanded:

n(r)=2-0.1,(c) ®

where f(7) are the Walsh functions, n is the number of functions in the corresponding

approximation and g, are some unknown numerical coefficients which should be found. The
corresponding coefficients may be found on the basis of the linear system of algebraic equations

Z gsGsk :Bk (4)

s=1

Mamepianu XIN| Mi>cnapoonoi naykoeo-mexuiunoi kongepenyii acnipanmis ma monooux éuenux «Hayxoesa secnay» 2023

161



CEKL[IA - IHOOPMAIJIMHI TEXHOJIOI'II TA TEJIEKOMYHIKALII

where
TT
G, :IIR(t—r) f,(t)f, (¢)dtdz )
00
and
;
B, = [R(t+2) f, (t)dt (6)
O .
The corresponding coefficients may be found in a matrix form as
-1
g Gll GZl Gnl Bl
gsz _ Gslz Gzzz Gsnz . Bz (7)
gn Gln GZn o Gnn Bn

The numerical calculation of G, and B, and the corresponding matrix calculations are

made in the Wolfram Mathematica package.

The following numerical values of the parameters are investigated: T =100, z=3,
H =0.75, a=0.8. The approximation of n =64 Walsh functions is investigated. It is shown that
in the considered approximation the left-hand side and the right-hand side of the equation (2) are
rather close to each other, the corresponding MAPE of misalignment is approximately equal to
0.5%. So, the proposed method may be applied to the problem under consideration.

The generation of the generalized fractional Gaussian noise data and the corresponding
forecasting investigation may be plan for the future. Another plan for the future is to investigate the
above-mentioned MAPE of misalignment for approximations of more Walsh functions and for
different numerical values of the parameters a and H .
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