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KOLMOGOROV- WIENER PREDICTION OF MFSD PROCESS
BASED ON THE CHEBYSHEV POLYNOMIALS OF THE SECOND KIND

As is known, the telecommunication traffic in systems with packet data transfer is considered to be a heavy-
tail process. Moreover, as is known, heavy-tail models may describe processes in agriculture. So, the problem
of heavy-tail process prediction is an urgent problem for several fields of knowledge. For example, the so-called
MFSD model may describe traffic in some of the above-mentioned telecommunication systems. Recently we
investigated prediction of the continuous heavy-tail MFSD process which is based on the Kolmogorov-Wiener filter,
constructed on the basis of the Chebyshev polynomials of the first kind. The corresponding Wiener-Hopf integral
equation was solved and the mean absolute percentage misalignment errors for the obtained approximate solutions
were calculated for different packet rates. However a question may occur if another orthogonal function set may
enhance the quality of the coincidence of the left-hand side and the right-hand side of the Wiener-Hopf integral
equation. The corresponding search of another orthogonal function set may be started with the search of another
polynomial set. So, in this paper the corresponding investigation is made on the basis of the Chebyshev polynomials
of the second kind.

The aim of the work is to investigate the continuous Kolmogorov-Wiener prediction of the heavy-tail MFSD
process on the basis of the Chebyshev polynomials of the second kind and to compare the results with that obtained
on the basis of the Chebyshev polynomials of the first kind.

The methodology consists in the solving of the Wiener-Hopf integral equation on the basis of the Galerkin
method based on the Chebyshev polynomials of the second kind.

The scientific novelty consists in the use of the Chebyshev polynomials of the second kind as a basis
of the Galerkin method for continuous Kolmogorov-Wiener prediction of the MFSD process.
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The conclusions are as follows. The results both for the Chebyshev polynomials of the second kind
and for the Chebyshev polynomials of the first kind are identical.
Key words: continuous Kolmogorov-Wiener filter, MFSD process, Chebyshev polynomials of the second kind.
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NMPOrHO3YBAHHA KOJIMOIrOPOBA-BIHEPA MFSD MPOLECY,
LLO BA3YETbCA HA NOJIIHOMAX YEBULLOBA AIPYITOro roay

Sk 8idomo, menekomyHikauitiHut mpacik 8 cucmemax 3 nakemHoro nepedaqeto 0aHUX po32/150aembCs K IPOUEC
3 BaXKum xeocmom. binbwe moeo, Ak 8idomo, Modersii 3 8aXKUM X80CMOM MOXYMmb onucysamu OesiKi npouecu
8 cinbCcbKoMy 2ocriodapcmei. Tox 3adadya rpo2HO3y8aHHS MPOUECI8 3 8aXKUM XB80CMOM € aKkmyasibHOK 8 HU3Ui
2arny3el 3HaHb. Hanpuknad, mak 3eaHa MFSD modenb moxe onucysamu mpacik 8 0eskux menekomyHikauitHuX
cucmemax 3 nakemHor nepedadero daHux. HewodasHo Hamu OocriOxeHO npo2Ho3ysaHHs HernepepsHo2o0 MFSD
npouecy 3 gaxkum xeocmom, wo b6azyembcs Ha hinbmpi Konmozoposa—BiHepa, skuli nobydosaHo Ha OCHO8I
noniHomie Yebuwosa nepwoeo pody. BidnosioHe iHmezpanbHe pieHSHHS BiHepa—Xonpa 6ydo posg’ssane,
ma cepedHi abcomomHi 8i0COMKO8I MOMUIIKU HE8 3KU J1i80i ma npaeoi YacmuH iHmezpasibHO20 pieHsIHHS BiHepa—
Xongba 0151 ompumaHux HabruxeHUx po3e’s3kie 6yrno ompumaHo 01151 pisHUX weudkocmel nepedadi mnakemie. O0HaK
MOXe 8UHUKHYMU 3anumaHHs YU MOXe iHWa opmogoHanbHa cucmema yHKUIt nokpawumu sikicms crienadiHHs
nigoi ma rnpaesoi YyacmuH iHmeeapanbHo20 pieHsIHHA BiHepa—Xongha. BidnogidHuli nowyk iHWOi opmo2oHabHOI
cucmemu ¢hyHKUit Moxe bymu po3rnodamo 3 rowyKy iHWoi nosniHomiansHoi cucmemu. BidrnosioHo, e yiti cmammi
8i0noegioHe OocidKeHHs NPo8edeHo Ha OCHOB8I rnosiHomie HYebuwosa 0py2020 pody.

Memotro pobomu e docnidumu HernepepeHe npoeHo3yeaHHsi Konmoeoposa—BiHepa Onsi npouecy MFSD
3 BaXKUM X80CMOM Ha OCHO8I rosiHomie Hebuwoesa Opy2020 pody ma ropieHIMu pe3yrbmamu 3 pesyfibmamamu,
ompuUMaHUMU Ha O0CHO8I noniHomie Yebuwosa nepuwiozo pody.

Memodosnozis rornsizae 6 po3s ‘si3aHHi iHmezpanbHo20 pieHsIHHS BiHepa—Xongha Ha ocHosi Memody [anepkiHa,
wo 6asyemncs Ha rosiiHomax Yebuwosa dpy2o20 pody.

Haykoea Hoeu33Ha riorisizae y sukopucmarHi noniHomie Hebuuwosa dpy2o2o pody sk ocHosy memoOdy [anepkiHa
05151 npo2Ho3ysaHHs1 HenepepeHo2o MFSD npouecy Ha ocHosi ¢hinbmpa Konimoeoposa—BiHepa.
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BucHoeku € makumu. Pe3ynbmamu, ompumaHi Ha 0cHosi rorniHomie Yebuwoesa Opy2o20 pody, ma Ha OCHO8I

noniHomie Yebuwosa nepuwioz2o pody € ideHMUYHUMU.

Knrovoei cnoea: HenepepsHul ¢inbmp Konmozoposa—BiHepa, MFSD npouec, noniHomu Yebuwosa Opy2020

pody.

Introduction. The paper is devoted to the
Kolmogorov-Wiener prediction of the MFSD
process (Anderson et al, 2017) on the basis of
the Chebyshev polynomials of the second kind. In
(Anderson et al, 2017) it is stressed that the MFSD
process may describe telecommunication traffic in
systems with packet data transfer.

Recently we investigated the corresponding
problem on the basis of the Chebyshev polynomials
of the first kind (Gorev et al, 2024), but a question
occurs whether another orthogonal function
set may enhance the quality of coincidence of
the left-hand side and the right-hand side of the
Wiener-Hopf integral equation. So, we start the
corresponding search from the polynomial system
such as the Chebyshev polynomials of the second
kind.

Wiener-Hopf integral equation and its
solution. The Wiener-Hopf integral equation is as
follows, see (Gorev et al, 2024):

JT.h(r)R(t —7)dt =R(t + 2), (1)

where h(r) is the unknown weight function, T is the
time interval on which the observed data are given,
z is the time interval on which the prediction is
made and R(f) is the process correlation function.
The correlation function of the MFSD process
under investigation is as follows (Anderson et al,
2017):
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where the coefficients a, b are taken from the
conditions

lim M: lim M

tL”;TJO p(t) - rL"po p(t), t>1-0 t>1+0

- (6)

In what follows we use the correlation function
(2) with account for (6).

We seek the solution of (1) as the truncated
Chebyshev polynomial expansion series, the
Chebyshev polynomials of the second kind are
taken into account (see, for example, (Gorev et al,
2019)):

27
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The coefficeints g, in (7) are given by the
following expressions (Gorev et al, 2024):
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the corresponding misalignment mean absolute
percentage error (MAPE) is as follows:

MAPE =

17
:?I

i

T 9
m [h(R(t - 7)dt—R(t +2) )

]dt~100 %,

the calculation of the integrals in (8) and (9) is
organized identically to that organized in (Gorev et
al, 2024). The numerical results for the parameters
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Table 1
MAPE for the approximations of n polynomials for different packet rates
o=2"pls o=2"pls o=2"pls o=2"pls

n MAPE, % n MAPE, % n MAPE, % n MAPE, %
1 27.39 1 26.49 1 26.30 1 25.46

2 18.58 2 17.76 2 17.57 2 16.75

3 1M.77 3 11.09 3 10.94 3 10.18

4 8.67 4 8.09 4 7.97 4 7.32

5 6.01 5 5.53 5 5.46 5 4.96

6 4.71 6 4.31 6 4.25 6 3.86

7 3.49 7 3.15 7 3.14 7 2.91

8 2.92 8 2.62 8 2.61 8 2.47

9 2.28 9 2.05 9 2.07 9 2.10
10 2.03 10 1.79 10 1.83 10 1.95

11 1.69 11 1.50 11 1.56 11 1.81
12 1.57 12 1.40 12 1.45 12 1.78
13 1.35 13 1.23 13 1.29 13 1.74

T=100, z= 3, which are also used in (Gorev et al,
2024), are calculated. The obtained MAPE results
are as follows, see Table 1. As can be seen from
the comparison of the results shown in Table 1
with the results obtained in (Gorev et al, 2024), the
results for the Chebyshev polynomials of the first
king and of the second kind are, in fact, identical.
Conclusions. The paper is devoted to the
continuous Kolmogorov—Wiener filter prediction
of the heavy-tal MFSD process based on the
Chebyshev polynomials of the second kind.
Such a problem may be important not only for
telecommunications, but also for agriculture,
because heavy-tail processes are wused in
agriculture, see (Baul et al, 2024). The Kolmogorov—
Wiener filter is a rather simple algorithm which, after
calculation of the weight function, may be used in the

signal processing in real-time data exchange, which
stresses the urgency of the considered problem.
It is shown that the results obtained on the basis
of the Chebyshev polynomials of the second kind
are identical to the results obtained on the basis of
the Chebyshev polynomials of the first kind derived
in (Gorev et al, 2024). In fact, such a result occurs
not only for the MFSD process but for a couple of
heavy-tail models, see (Gorev et al, 2021).
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