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ON THE CONTINUOUS KOLMOGOROV-WIENER FILTER FOR PREDICTION
OF MODELED SMOOTHED HEAVY-TAIL PROCESS

The telecommunication traffic nowadays is treated as a heavy-tail random process. The traffic prediction is
an important problem for telecommunications. The paper is devoted to the use of the continuous Kolmogorov—
Wiener filter for prediction of modeled smoothed heavy-tail process similar to fractional Gaussian noise, which may
describe traffic in a simple model. This process is generated on the basis of the symmetric moving average approach
with the use of the exponential smoothing algorithm. In our recent paper we investigated the applicability of the use
of both discrete and continuous Kolmogorov—Wiener filter for the prediction of the above-described smoothed
heavy-tail modeled data. In particular, it was shown that not only discrete, but also continuous Kolmogorov-Wiener
filter may be used to the corresponding prediction, but the accuracy of the discrete filter is slightly higher than
the accuracy of the continuous one. In fact, as it was seen from the graphs of the actual and predicted processes,
the process predicted on the basis of the continuous filter has some time delay in comparison with the actual
process. So, it is logical enough to make a time shift of the predicted process in order to delete the corresponding
delay. So, in this paper we propose an enhancement of the corresponding algorithm by using an artificially chosen
time shift for the predicted process.

The aim of the work is to enhance the accuracy of the continuous Kolmogorov—Wiener filter prediction for
the smoothed modeled heavy-tail process.

The methodology consists in the solving of the Wiener-Hopf integral equation on the basis of the Walsh functions
with further use of the time shift for the obtained process.
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The scientific novelty consists in the enhancement of the corresponding prediction accuracy on the basis
of the use of the artificially chosen time shift for the predicted process.

The conclusions are as follows. The use of the corresponding time shift allows one to decrease the prediction
mean absolute percentage error.

Key words: continuous Kolmogorov—Wiener filter, prediction, heavy-tail data, Walsh functions, fractional
Gaussian noise, time shift.
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OO0 HENEPEPBHOIO ®JIbTPY KOJIMOITOPOBA-BIHEPA ANA NPOrHO3YBAHHA
SMOAEJIbOBAHOIO 3rMAOXEHOIO NMPOLECY 3 BAXKUM XBOCTOM

BHaw 4ac menekomyHikauitHUl mpacgbik 88axxaemaCs18uUnadKo8UM MPOUECOM 3 8aXKUM X80CMOM. [Tp02HO3y8aHHS
mpachiky — eaxrnuea 3alaya 0Onisi menekoMmyHikauil. Cmamms npucesyeHa 3acmoCy8aHHI HernepepsHO20
insmpa Konmozoposa—BiHepa Onsi ModertogaHHs 3211adKeH020 MPOUECy 3 8aXKUM X80CMOM, aHanoeaidHo2o0 00
bpakmarnbHo20 2aycieCcbKoeo WyMy, W0 MOXe onucamu mpacgik 8 npocmiti modeni. Llel npouyec 32eHeposaHoO
Ha OCHO8i MiOxo0y CUMEMmPUYHO20 KOB3HO20 CepedHb020 3 BUKOPUCMAHHSM an2opummy eKCMOHEHUiUHO20
3enadxyeaHHsl. B Hawil HewodaeHil cmammi QOCiOXeHO MOXIIU8iCmb 3aCmoCy8aHHs K OUCKPemHo20, mak
i HerepepaHoezo ¢hinbmpy Konmozoposa—BiHepa 0551 npo2HO3y8aHHs 8ulLe OrUCaHUX 32radkeHux aHuX 3 8aXKUM
xeocmom. 3okpema, byro rnokasaHo, Wo He nuwe duckpemHud, ane i HerepepsHul ¢insmp Konmozaoposa—BiHepa
Moxe Bymu 3acmocosHUM 00 8i0N08IOHO20 MPOEHO3Y8aHHS, ane MoYHICmb OUCKpPemHo20 inbmpy mpoxu binbwe
3a moyYHicmb HenepepsHo20. ®akmuy4Ho, 5K By1o 8UOHO 3 epacpikie hakmuyHO20 ma CriPO2HO308aHO20 MPOUECIS,
Mpouec, Wo Cripo2HO308aHO Ha OCHOBI HEMEPEepP8HO20 hiflbmpa Mae nesHy 3ampuMKy MOPIBHSIHO 3 haKMUYHUM
npouecom. Tox, 102i4HUM € 3pobumu Yacosul 3Cy8 Crpo2H0308aHO20 npouecy 05151 mo2o, w,ob no3bymuck makoi
3ampumku. Tox, 8 uiti cmammi MU rPOMNOHYEMO MOKPaUWEHHS 8i0rM08iOHO20 aneopummy Ha OCHO8i BUKOPUCMAHHS
wmy4Ho 0bpaHo20 4acoeo20 3cysy 01151 CrIPO2H0308aHO20 MPOUECY.



Information Technology: Computer Science, Software Engineering and Cyber Security, Bun. 1, 2023

Memoto pobomu € nokpawumu mo4Hicmb MPO2HO3y8aHHsI Ha OCHOBI HerlepepeHo20 ¢hinbmpa Konmozoposa—
BiHepa 0151 3eradxeHo20 3M00e/Ib08aHO20 MPOUECY 3 BAXKUM X80CIMOM.

Memodonozis nonsizae 8 po3e’sisaHHi iHMeapanbHo20 pieHsIHHSI BiHepa—Xorngha Ha ocHoei ¢byHKuil Yornwa
3 nodanbWuM 8UKOPUCMAaHHSIM 4aco80o20 3cy8y 0719 OmMpuUMaHO20 NpPoyecy.

Haykoea Hoeu3Ha rionsicac y nokpauw,eHHi 8i@rnogidHoI moYHOCMI NpPo2HO3y8aHHsI Ha OCHOBI 8UKOPUCMaHHS
wmy4Ho 0bpaHo20 Yacoeo2o 3cysy 01151 CrIPO2H0308aHO20 MPOUECY.

BucHoeku € makumu. BukopucmarHsi 8i0rnogioH020 4aco8020 3cy8y 00380715I€ 3MeHWUMU cepedHro abcomomHy

8i0comkosy MOMUJIKY MPO2HO3y8aHHsI.

Knro4oei cnoea: HenepepsHuli inbmp Konmozoposa—BiHepa, npo2HO3y8aHHs, OaHi 3 8aXKUM X80CITOM,
pyHKUiT Yonwa, hpakmarnbHul 2ayciecbKuli WyM, Yacosul 3cys.

Introduction. The telecommunication traffic
prediction is an urgent problem for telecommuni-
cations, see the description of problem importance
and a review of different traffic prediction methods
in (Alizadeh et al, 2020). Our recent papers were
devoted to such a simple prediction method as the
Kolmogorov—Wiener filter. In particular, in papers
(Gorev etal, 2022; Gorev et al, 2023) we generated
a heavy-tail process similar to fractional Gaussian
noise on the basis of the symmetric moving aver-
age approach (Koutsoyiannis, 2002). It should be
stressed that nowadays telecommunication traffic
in systems with data packet transfer is treated as a
heavy-tail process, see (Li, 2022). The applicability
of the Kolmogorov—Wiener filter to the prediction
of the corresponding process was investigated.
In paper (Gorev et al, 2023) it is shown that both
discrete and continuous Kolmogorov—Wiener filter
may be applied to the corresponding prediction,
but the prediction based on the continuous filter
leads to a small time delay between the actual and
the predicted process. So, in this paper we pro-
pose to use an artificially chosen time shift for the
predicted process in order to delete such a delay.

Process prediction based on the continuous
Kolmogorov-Wiener filter. This section is
devoted to the corresponding use of the continuous
Kolmogorov—Wiener filter, described in (Gorev et
al, 2023). As is known, the filter weight function
h(t) is a solution of the Wiener—Hopf integral
equation

;
[h(x)R(t-7)dr=R(t+2) (1)
0

where T is the time interval for which the input data
are given, zis the time interval for which the forecast
is made, R(t) is the process correlation function,
see for example, (Gorev, Gusev, Korniienko,
Aleksieiev, 2021; Miller, Childers, 2012). The weight
function is sought as a Walsh function truncated
series (a partial case of the Galerkin method,
see (Polyanin, Manzhirov, 2008)); the description
of the corresponding Walsh functions in Walsh
numeration is given in (Gorev, Gusev, Korniienko,
2021; Gorev, Gusev, Korniienko, Safarov, 2021).
The weight function may be calculated as follows
(Gorev et al, 2023):

10
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here S(t) are the Walsh functions in the Walsh
numeration. The approximation of 256 Walsh
functions is used. The prediction is made on the
basis of the data given on previous time interval
with the length T=1 for the time interval z=1073
forward. The corresponding process contains
10° points on the unit time interval, so, in fact, a
one-point-forward prediction is considered. The
process is generated on the time interval t[0,100],
so it contains 10° points. There are rather many
points on the unit time interval, so the process may
be treated as a continuous one. The filter output
for the centralized process prediction is as follows:

yc(T +iz) =Tc[h(r)xc(T +(i-1)-z-1)dr=~

B ®)

h(j)-xc(T+(i-1)-z-j)-10°
j=0107°,2107° ...
where xc(f)= x(f)-<x> is the centralized process
and x(t) is the modeled exponentially smoother
heavy-tail process generated in (Gorev et al,
2023). The prediction values for the process x(f)
are as follows:

V()= y(t+a0). (4)
The correlation function of the exponentially

smoothed heavy-tail process investigated in
(Gorev et al, 2023) is as follows:
_ a |t +b, |t +c,|t|+d,|t| [0,0.1] )

a-(jf|+10°) " |t} e (0.1,1]
a,=-369, b =79.0, ¢, =-5.89, d, =0.220, a=0.0206, b=0.415,

the numerical values of the coefficients in (5) are
rounded off to 3 significant digits. The graphs of
the actual and predicted processes for te(1,1.2)
are as follows, see Fig. 1. The average mean
absolute percentage error (MAPE) of such a
prediction is equal to 5.8% (Gorev et al, 2023), so
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the corresponding prediction is rather accurate.
However, as can be seen from Fig. 1, the
corresponding graphs are rather close, but a small
time delay is present between the actual and the
predicted signals.

So, the next section is devoted to the use of the
time shift which may delete such a delay.

consider Y(t) as the predicted process. In such a

case the results for the average MAPE are given
in Table 1.

Table 1
Average MAPE for different time shifts

Average MAPE over Time shift At from
The use of the time shift to the predicted the whole array, % expression (6)
process. The following algorithm of the time 5.8 0
shift choice is realized. Let us build a time shifted 3.7 1073
process as 25 21073
Y(t)=y(t+Ab). (6) 3.6 3107
. . 5.8 4.10°°
where y(t) is the process given by (4). Let us .
8.2 51073
32} A \
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Fig. 1. Comparison of the actual (solid line) and predicted (dotted line)
processes (Gorev et al, 2023)
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Fig. 2. Comparison of the actual (solid line) and predicted (dotted
line) processes after the use of the time shift
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The further increment of At leads to the  heavy-tail process generated in (Gorev et al, 2023).
increasing of the MAPE. So, as can be seen There are rather many process points on the unit
from Table 1, the optimal time shift is equal to  time interval, so the process may be treated as a
2-1073. In such a case the average MAPE is equal  continuous one. The applicability of the continuous
to 2.5% rather than 5.8%, so an enhancement of  Kolmogorov—Wiener filter to the process prediction
the process prediction accuracy is obtained. The is shown in (Gorev et al, 2023), however, as can be
MAPE results in Table 3 are rounded off to two  seen from Fig. 1, the process predicted on the basis
significant digits. The graphical comparison of the  of the continuous Kolmogorov—Wiener filter has a
actual process x(t) and the predicted process Y(f) time delay in comparison with the actual one. So,
for te(1,1.2) is given on Fig. 2. in this paper the time shift of the predicted process

As can be seen from Fig. 2, the use of the time  is proposed in order to delete the above-mentioned
shift makes the predicted process closer to the delay. It is shown that the use of an optimal time
actual one and increases the prediction accuracy.  shift allows one to increase the prediction accuracy.
It should be stressed that the MAPE values in  So, the proposed prediction algorithm is as follows.
Table 1 are calculated over the whole array rather  First of all one should obtain the prediction based on
than only over the time interval te(1,1.2). the Kolmogorov—Wiener filter and then the obtained

Conclusions. This paper is devoted to the predicted process should be time shifted in order to
prediction of the modeled exponentially smoothed  increase the process accuracy.
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