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ABSTRACT

Context. We investigate such orthogonal function systems as the Walsh function one and the Bessel function one for the search
of the weight function of the Kolmogorov-Wiener (KW) filter for the forecasting of the heavy-tail MFSD (multifractal fractional
sum-difference) random process. The results for the MAPE (mean absolute percentage error) of the misalignment of both sides of the
Wiener-Hopf integral equation are compared to that obtained by the Chebyshev polynomial expansion in our previous paper.

Objective. The objective is to derive the weight function of the KW continuous filter via the truncated expansions in Walsh and
Bessel functions and to compare results with the results obtained via the Chebyshev polynomials in our previous paper.

Method. Galerkin method with the Walsh functions and the Bessel functions orthogonal on the required interval as the method
basis is used.

Results. It is shown that the choice of Walsh functions leads to better results for the above-described MAPE than the choice of
the Chebyshev polynomials and Bessel functions. It is shown that the choice of the orthogonal polynomials is more effective than the
choice of the Bessel functions. It is also obtained that of the approximation of 128 Walsh functions leads to the MAPE less than
0.5%.

Conclusions. The weight function of the KW filter in the continuous case is investigated for the forecasting of a random station-
ary heavy-tail process in the MFSD model. The Walsh functions and Bessel functions are chosen to be the basis of the Galerkin
method described in the paper. The results are compared to that obtained with the choice of the Chebyshev polynomials. It is ob-
tained that the Walsh functions lead to the most reliable results among the above-mentioned orthogonal function systems. The calcu-
lated results may be applied for the practical forecasting of traffic in telecommunications and also they may be applied to the treat-
ment of random processes in other fields of knowledge: in agriculture, etc.

KEYWORDS: Kolmogorov-Wiener filter weight function, Walsh functions, telecommunication traffic, MFSD model, Bessel
functions, Galerkin method.

ABBREVIATIONS o is arate of the packet transfer;
KW is a Kolmogorov-Wiener; 6 is a quantity which varies with the rate of the
WH is a Wiener-Hopf; packet transfer;
GFSD is a Gaussian fractional sum-difference; £ is a quantity which varies with the rate of the

MFSD is a multifractal fractional sum-difference;
MAPE is a mean absolute percentage error;
FGN is a fractional Gaussian noise.

packet transfer;

A is a quantity which varies with the rate of the
packet transfer;

R(t) is a correlation function of a MFSD process;

NOMENCLATURE . . .

T is an interval where the input data are taken; p(t) is a correlation function of a GFSD process;

p/s packets per second,; I'(x) is a gamma function;

z is a length of the interval where the forecasting is d is a fractional differencing parameter;
provided; a is a constant;

h(t) is a weight function of the KW filter; b is a constant:
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n is an amount of Bessel and Walsh functions in the
approximations;
gs are coefficients on the Walsh functions and the

Bessel functions;
walg (t) are Walsh functions which are orthogonal on

te[0,T];

J, (X) is a Bessel function;

K, are Bessel functions zeros;

Left(t) is a left-hand side of the WH integral equa-
tion;

Right(t) is a right-hand side of the WH integral equa-
tion;

Gys are integral brackets;

By are free terms;

N is an amount of points for the numerical integra-
tion;

w j(ln) are Walsh functions values;

X (t) are auxiliary integrals;
V)s are auxiliary integrals;

Q, are auxiliary integrals.

INTRODUCTION

Telecommunication traffic is considered as a random
heavy-tail process; see, for example, [1-3]. Accurate traf-
fic forecasting is urgent for effective network manage-
ment such as resource allocation, traffic scheduling, de-
tection of anomalies, etc., see [4—6].

There are many approaches to traffic forecasting, see
[7-10]. Recently a couple of models of the stationary
heavy-tail traffic were proposed, such as the generalized
FGN model [11, 12], the MFSD and GFSD models [13],
etc.

Recently we investigated such a method of traffic
forecasting as the KW filter. This method is rather simple
and is applicable to the forecasting of a heavy-tail station-
ary process if the process is enough smooth [14]. As is
known (see, for example, [14]), if the data amount is
large, one may apply the continuous KW filter instead of
the discrete one, and the weight function of the filter
obeys the WH integral equation, which is the Fredholm
integral equation of the first kind. Such an equation may
be solved on the basis of a truncated expansion in the or-
thogonal function system (the so-called Galerkin method).
The Galerkin method is widely used for telecommunica-
tions [15] and for other fields of knowledge (see [16, 17]).

Recently we developed the theory for the KW filter
construction for GFSD and generalized FGN process
forecasting [18, 19]. The investigation for the MFSD
model was also made with the use of the orthogonal Che-
byshev polynomials [15]. However, a question occurs
may another orthogonal system enhance the misalignment
of the sides of the WH integral equation for the derived
solutions. Moreover, the forecasting described in [14] was
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made with the help of the orthogonal Walsh functions. So,
in this paper we solve the WH equation via the Walsh
functions and Bessel functions and compare the results
with that based on the polynomial functional system [15].

The object of study is the continuous KW filter ap-
plied for the forecasting of the MFSD process.

The subject of study is the KW filter weight function.

The aim of the work is to derive approximate solu-
tions for the weight function via the Galerkin method with
the choise of the Walsh functions and Bessel functions as
the basis and to compare the results with that based on the
polynomial functional system.

1 PROBLEM STATEMENT
Weight function of the KW filter if the filter is a con-
tinuous one is the solution of the WH integral equation
(see [14]):

]drh(r)R(t—r)zR(t+z). €))

The problem statement is to obtain approximate solu-
tions for the unknown weight function h(t) from the

equation (1) via the Galerkin method with the choice of
the Walsh functions and Bessel functions as the basis and
to compare the results with that based on the polynomial
system [15].

2 REVIEW OF THE LITERATURE

In our recent papers we investigated the KW filter for
the forecasting of stationary processes in different models
such as the GFSD model [18], generalized FGN model
[19], the MFSD model [15], etc. In [15] the WH integral
equation was treated on the basis of the Chebyshev poly-
nomial expansion. The corresponding MAPE of the mis-
alignment of both sides of the WH integral equation is
lower than 1% but higher than 2%, see [15], here the re-
sults of the thriteen-polynomial approximation are given.
The increasing of the number of polynomials does not
lead to the increasing of the corresponding accuracy,
maybe it is connected with the fact that the corresponding
integrals may be calculated only approximately. More-
over, the problem of the multiplying of very high and
very low numbers may be present in the above-mentioned
polynomial approach. However, for example, the choice
of the Walsh functions for the forecasting of a generalized
FGN may lead to the MAPE less than 1% [19]. So, a
question arises whether the use if a non-polynomial sys-
tem of orthogonal functions may enhance the correspond-
ing MAPE results for the traffic in the MFSD model. So,
in this paper we deal with two non-polynomial orthogonal
function sets: Walsh functions and Bessel functions. We
compare the MAPE results for the above-mentioned func-
tion sets with the results obtained for the Chebyshev pol-
ynomials in [15].
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3 MATERIALS AND METHODS
The correlation function of a discrete MFSD process
is as follows [13]:

R(t) =S @)

where I'(x) is the Gamma function (see definition in

[20]), the other quantities which take place in (2) are writ-
ten in (3), (4):

()= (1-0(ay) 20E 010"

2 —(1-d)’
Xr(l—d) I(t+d) 3)
r(d) r(t-d+1)’
2—7.21 0.75
o) =5y
and
2 1
&(a)zln(l‘[l+ B—Zln(l"[l+ B,
;\’(a)z—i}() 0.63 }\’(a) (4)
M@= T

the packet rate o e [210'22 p/s,2""? p/s], d=0.31, see

[13]. In [13] it is stressed that the expressions (2) and (3)
are valid for t>1, so in [15, 18] the function p(t) is re-

defined for the continuous case:

alt] +LJt <1
2(1-d)t* —(1-d)’

(1-6()) T (5)

r(1-d) T(t[+d)

“T(d) T(-d+1)’

t[>1,

the values of the coefficients a, b are chosen according
to the following statements:

lim p(t) = fim p(t), tim SP) _ iy PO )

t—>1-0 t—>1+0 t>1-0  dt t>1+0

In what follows we take the function R(t) as (2) where
p(t) is taken on the basis of (5) and (6).

First o: all we describe the solution of integral equa-
tion (1) via the Galerkin method with the choice of the
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Walsh functions as the method basis. We seek the weight
function as

n

h(r)zZstals (T) , (7

s=1

where walg (1) are the Walsh functions in the Walsh nu-

meration, their detailed description is given in [21]. The
Walsh functions obey the orthogonally property [22]

Lk=s.

0,k #s. ®)

T
jwals (t)waly (t)dt=T8s, d, :{
0

In such a case, as is known [21], the coefficients g4 are
the solutions of the following system of equations:

9sGks = Bk » k=1,n,

M=

w
Il
LN

Gks =

S —
O —y

drdtwaly (t)walg (t)R(t-1), )
T
B = [ dtwal (t)R(t+2).
0
The correlation function R(t) is an even one and the

Walsh functions are piecewise constant functions, so
similarly to [21] we obtain

n
_ (M (M)
G = 2 Wi WM,

l,s=1
n _ (2| —l)T
Wi = walj [T » (10)
IT/n  sT/n

Vis =
(1-1)T /n(s-1)T /n

dtdtR(t—1),

see also [19]. The quantities V|q and the integral brackets
Gys obey the properties

Vis :VI+1,s+1 s Vis =Vy1, Gks = Gsk > an
see [19, 21], so only V|, I=1,n should be calculated
direclty, the other V| may be calculated on the basis of

V); and (11). Moreover, only the integral brackets Gy

for k > s should be calculated directly, the other brackets
may be calculated on the basis of (11). The explicit ex-
pression for R(t) is rather cumbersome, and the analyti-
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cal integration for V,, can hardly be provided. So, they
are calculated as:

T/n IT/n
dtdtR (t - 1:) ~

0 (1I-)T/n
o R (G LR (u)z
e [ Nn n Nn)nN)~

N > 1, the value N =10° is chosen. The Walsh func-
tions are piecewise constant functions, so similarly to [21]
we obtain

(12)

n sT/n
B =D W'Q,, Q= [ diR(t+z). (13)
s=1 (s=1)T/n

The analytical integration can hardly be provided, so
we calculate Qg as

sT/n
Qs = dtR(t+Z)z
(s-1)T/n

z%%(R£ﬂ+%%+zJ+ (14)

n

+R((5—1)T+ j T+ZDT 1

n N n nN’

N > 1, the value N =10° is chosen.
The integral brackets Gyg are calculated via (10)-

(12), the quantities By are calculated via (13) and (14),
and with the help of (9) we calculate g:

-1

g Gy Gy - Gy B,
%G G2 O B (s)
On Gin Gyp Gmn Bn

The accuracy of approximate solutions is estimated
vai the MAPE:

MAPE =

(16)

1| Lefe(t) - Right (1)
gl

- dt-100%,
Right (t) |

where

Left(t) =}drh(r)R(t—r), Right(t)=R(t+z), (17)
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are the sides of the equation (1). The Walsh functions are
piecewise constant functions, so similarly to [21] we ob-
tain

Left(t)= Y h X, (t). =h[w],

2n
/n (18)
dzR (t - r) R
(I-1)T/n

the function h(t) has the form (7), the calculation of the
coefficients ¢q is described in detail in what precedes.

The analytical integration can hardly be provided, so the
following approximate expressions are used:

IT/n
X (t)= dR(t-1)=
(1-1)T/n

S

+R(t—[(l_nl)-r + I:I ;D]; ,1] :

N > 1, the value N =10° is chosen. The MAPE (16) is
roughly estimated as

Left[ﬂ—j - Right({:—j‘
-100%,

. jT
Right| =—
‘g(Nj ‘

N > 1, the value N =107 is chosen, the same choice is
made in [15]. The MAPE results for the above-described
solutions and corresponding comparison graphs of the
left-hand side and of the right-hand side are given in the
next section.

Now let us describe the Galerkin method via the Bes-
sel functions. The definition of the Bessel functions
J, (X) is given in [23], they obey the orthogonality prop-
erty [24]

T 2
X X T »
I xJy [p‘vi ?j Jy [p‘vj ?jdx = T‘JVH (p-vi )Slj >

0

(19)

N-1
MAPE ~ — Z
i=0

(20)

@1
see the definition of &; in (8), p,; are the zeros of the

function J,,(X). In this paper we investigate only the use

of Jy(X) functions. We seek the solution in the form
n T
h(‘C) = z gS‘]O (HOS ?j ,

s=1
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here and in what follows the coefficients g4 are redefined

according to (22). Similarly to the obtaining of (9) it can
be derived that the coefficients g5 obey the system of

equations

n
ngGkS =By, k=1Ln

s=l1

TT
s=][ detJO(“Ok ;on(uOS TJR(t—r)a (23)
00

T
t
By = IdtJo(HOS ?jR(Hz),
0

quantities Gyg and By are redefined according to (23).
The integral brackets are calculated as

TT
t
Gy = [ [ ddtdy (HOk ;j Jo (“Os %) R(t-1)~

00

G EE b ) o

i)

N > 1, the value N =3-10° is chosen for o =2" p/s and
2% p/s
and o = 2" p/s, the same values for N are chosen in [15]
where the Galerkin method was investigated via the or-
thogonal polynomials.

The free terms By are calculated as follows:

.
!
NI ;
zl (Jo[um EJR(E"' ZJ
243 N N
(

+J0[u05 jLI)T]R[(jLI)THD,

N > 1, the value N =10’ is chosen. The coefficients g
are calculated with the help of (15) with account for (24)
and (25). Both sides of equation (1) are as described in
(17), the approximate expression for the function Left(t)

a = 2" p/s; the value N =6-10° is chosen for o =

(25)

is as follows

Left I d rh

JR(t—1)~
SRR
A7)
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(26)

10

N > 1, the value N =10* is chosen (the sale value of N
was chosen in [15] for the derivation of Left(t)). The

expression for h(t) is (22). The corresponding MAPE is

roughly estimated as described in (20). The MAPE results
for the solutions based on the Bessel functions and corre-
sponding comparison graphs of the both sides are given in
the next section.

4 EXPERIMENTS
The numerical values of the parameters T
taken from [15]: T =100, z=3.
The values of a, b for various packet rates are taken
from [15].
The results for the Walsh functions are given in Ta-

ble 1. The results for the Bessel functions are given in
Table 2 and Table 3.

and z are

Table 1 — MAPE for the n Walsh functions approximations

a=211p/5 OL=213p/s

n MAPE, % n MAPE, %
2 14.3 2 13.9
4 6.43 4 6.24
8 3.00 8 291
16 1.50 16 1.46
32 0.83 32 0.81
64 0.56 64 0.55
128 0.39 128 0.39
o=2" p/s o=2" p/s

n MAPE, % n MAPE, %
2 13.6 2 13.0
4 6.16 4 6.21
8 2.89 8 2.95
16 1.46 16 1.49
32 0.81 32 0.82
64 0.55 64 0.55
128 0.39 128 0.39

Table 2 — MAPE for the approximations of N Bessel functions
J, (X) for rather low packet rates

a=2" p/s o=2" p/s
n MAPE, % n MAPE, %
1 19.0 1 18.2
2 18.9 2 18.1
3 10.6 3 9.98
4 10.5 4 9.95
5 7.25 5 6.80
6 7.24 6 6.79
7 5.49 7 5.12
8 5.49 8 5.12
9 4.40 9 4.09
10 4.42 10 4.11
11 3.66 11 3.40
12 3.67 12 3.41
13 3.15 13 2.88
14 3.16 14 2.91
15 2.76 15 2.53
16 2.77 16 2.56
17 2.46 17 2.26
18 2.46 18 2.28
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Table 3 — MAPE for the approximations of N Bessel functions
Jo(X) for rather high packet rates

o=2" pls o=2" pls
n MAPE, % N | MAPE, %
1 18.0 1 17.1
2 17.9 2 17.5
3 9.84 3 9.35
4 9.82 4 9.50
5 6.69 5 6.38
6 6.69 6 6.46
7 5.04 7 4.82
8 5.04 8 4.88
9 4.01 9 3.89
10 4.04 10 3.93
11 3.34 11 3.27
12 3.35 12 3.32
13 2.83 13 2.85
14 2.86 14 2.89
15 2.49 15 2.54
16 2.51 16 2.58
17 222 17 2.33
18 2.24 18 2.35

As one can see, the MAPE for the approximations of
32, 64 and 128 Walsh functions is lower than the MAPE
of the 13-polynomial approximation [15]. As for the
method based on the Bessel functions, in fact the same
parameters as in [15] are used, but, as can be seen, the
MAPE results for the 13-polynomial approximation [15]
are better than the results of the approximation of 17 or 18
Bessel functions. Here, for simplicity, we restrict our-
selves to the approximation of 18 Bessel functions, be-
cause the enlarging of the number of Bessel functions
may significantly enlarge the computation time.

The results of the paper are obtained in the Wolfram
Mathematica package.

5 RESULTS
Some results are illustrated on Fig. 1 and Fig. 2.

=]
=]
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----Left(?)
—Right(z)

=
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o
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=]
s
T

[=]

=]

[X]
T

The left-hand and the right-hand
sides of the integral equation (1)

20 40

=]
]
=]
=1
=}

Figure 1 — Comparison of both sides of eq. (1) for o = 2! p/s
for the approximation of 128 Walsh functions

The comparison graphs for o =2" p/s, a=2" p/s
and o =2"" p/s are similar to the graphs for o =2"" p/s
shown on Fig. 1 and Fig. 2. As can be seen, the sides of
the equation (1) are close for the derived solutions, but the
use of the Walsh functions allows one to obtain more ac-
curate results via the Galerkin method.
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Figure 2 — Comparison of both sides of eq. (1) for o = 2" p/s
for the approximation of 17 Bessel functions

6 DISCUSSION

We improved the development [15] of the theory of
the continuous KW filter for the forecasting of a station-
ary MFSD process.

We investigate the Galerkin method of the obtaining
of the solution of the WH integral equation for the process
under consideration. In [15] corresponding solutions were
obtained via the polynomial expansion of the weight func-
tion. In this paper we derive the solutions via the Walsh
functions and Bessel functions J,(X) .

The approximations of 2* Walsh functions are inves-
tigated for k=1,7, it is shown that the MAPE of mis-
alignment of both sides of the integral equation (1) is less
than 0.5% for the approximation of 128 Walsh functions.
The solutions based on the Bessel functions are investi-
gated up to the approximation of 18 Bessel functions,
however, the corresponding MAPE is greater than 2%.
So, the use of the Walsh functions is more effective that
the use of the polynomials [15] (the corresponding MAPE
n [15] for 13-polynomial approximation is more than
1%), however, the use of the Bessel functions is less ef-
fective that the use of the polynomials (the corresponding
MAPE in [15] for 13-polynomial approximation is less
than 2%).

So, among the above-mentioned functions, the use of
the Walsh functions is the most effective for the problem
under consideration. It also should be stressed that the
computation time for the calculation of approximation of
128 Walsh functions is less than the corresponding time
required for the calculation of the approximation of 18

Bessel functions, especially for o =2"p/s and
a=2"pls.

The future plans are following ones. The practical ap-
plications of the investigated theoretical approach may be
of interest. The investigation of other orthogonal function
systems may be also provided, for example, the investiga-
tion of the trigonometric orthogonal system or the investi-

gation of the Bessel functions J,(X) with v#0. The
random processes, including the heavy-tail ones, are im-
portant both for the traffic forecasting and for other fields
of knowledge, for example: agriculture [25-27], estima-
tion of risks in weather derivatives [28], and so on. The

OPEN a ACCESS
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proposed method may be applicable both for telecommu-
nication traffic forecasting and other fields of knowledge.

The above-mentioned plans may be carried out in oth-
er papers.

CONCLUSIONS
The weight function of the KW filter for the forecast-
ing of the MFSD process is obtained via the Galerkin
method with the choice of the Walsh and Bessel functions
Jo(X) as the method basis. Approximations up to the 128

Walsh functions and up to the 18 Bessel functions are
investigated. The results are compared with the corre-
sponding results based on the polynomial expansions
[15]. It is shown that among the considered functions the
use of the Walsh functions leads to the best coincidence
of both sides of the WH integral equation for the obtained
approximate solutions.

The scientific novelty is that the for the first time the
weight function of the KW filter for the forecasting of the
MFSD process is obtained via the Walsh functions and
the Bessel functions Jy(X). The choice of the Walsh

functions leads to the better coincidence of the sides of
the considered integral equation than the choice of the
polynomials and Bessel functions.

The practical significance is that the obtained results
may be applied to the forecasting of stationary random
processes in different fields of knowledge.

Prospects for further research are to investigate the
Galerkin method via other orthogonal function systems,
for example, the Bessel functions J,,(X) with v#0 . The

practical applications of the investigated theoretical ap-
proach may be of interest.
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AHOTAIIA

AKTyanbHicTh. MU IOCTIDKYy€MO TakKi OpTOTOHAbHI CHCTeMH (YHKIIH, Sk cucteMy (QyHKIiH Youma ta cucreMy ¢yHKnii bec-
cellst SIK OCHOBY IOIIyKy BaroBoi ¢yHkuii ¢pinsrpa Kommoroposa-Binepa aist mporHo3yBanss Bunaakosoro MFSD mpouecy 3 Bax-
KHM XBOCTOM. Pe3ynbraTn Juisi cepeHboi abCOMOTHOT BiJJICOTKOBOT IIOMMIJIKU HEB’SI3KH JIiBOT Ta NMPaBOi YaCTHH iHTErPaJbHOTO PiB-
HsHHS Binepa-Xornda nopiBHIOIOTECS 3 pe3y/bTaTaMy, OTPHMaHUMHU B Halllili OIEpeaHiil cTaTTi Ha OCHOBI PO3BHHEHHS 3a MOJIHO-
mamu Yebumiosa.

Meta po6oTu. MeToto po6oTH € OTpUMaTH HaGIMKeHUH po3B’s130K Ayt BaroBoi ¢yHKii ¢igsrpa Konmiroposa-Binepa Ha oc-
HOBI1 00ipBaHOTO pO3BHHEHHS MO QyHKIIAX Youma Ta beccens Ta MOpiBHATH OTPUMaHi pe3yJIbTaTH 3 Pe3yIbTaTaMi, OTPIMAaHIMHU B
HaIii TomepeHiid CTaTTi Ha OCHOBI MOTiHOMIB YeOuimona.

Mertopa. [{nst o6uncieHHs BaroBoi (yHKIIi BUKOpHCTaHO MeTox ['anepkiHa, mo 6a3yeTsest Ha (yHKUisx Yonma ta beccens, op-
TOTOHAJIFHHX Ha BIIIOBIHOMY IPOMIDKKY.

PesyabTaTn. [lokaszaHo, 1m0 BUKOpHCTaHHS (QyHKIIH Yoia Npu3BOIUT 10 KPAIIUX Pe3yJIbTaTiB IS BHILE HaBEIEHOI cepel-
HbOT aOCOJIOTHOT BiJICOTKOBOT NMOMHJIKHM HEB’SI3KH J1iBOT Ta MPABOi YacTHH iHTerpaJibHOro piBHsHHS Binepa-Xomga, Hi>XK BHKOpHC-
taHHs nojiHnomiB Yebuiosa ta ¢ynkuii beccens. Takox moka3aHo, 1110 BAKOPUCTAHHS OPTOTOHATIBHHUX MOJIHOMIB € e(peKTHBHILINM
3a Bukopuctanus Qynkuiit beccemns. Takox nokasano, 1o HaommkeHHs 128 QyHkuiii Yonmra npu3BOAXTS 10 MOMHIKH HEB’S3KH
menoi 3a 0,5%.

BucnoBku. JlocmimkeHo Teopiro moOynoBu HemepepBHoro ¢inbrpa Kommoroposa-BiHepa Ui MpOTHO3yBaHHS BHUITaIKOBOTO
nporecy 3 BaxkuM xsoctoM B MFSD moneni. @ynnii Yomma ta Beccens po3misiayTo sk ocHOBY MeTony ['anepkina. Pesynsratn
MIOPIBHSHO 3 pe3yJIbTaTaMH, OTPUMAaHUMH Ha OCHOBI nosiHomiB YeOumonsa. IToka3aHo, o BUKOpUCTaHHS (GyHKIIH Yonmma nae Hai-
Kpallli pe3yJbTaTh cepell NepesliueHnX BHIIE CHCTEM OpTOoroHajabHUX (yHIiH. OTpyMaHi pe3yibTaTé MOXYTh OyTH 3aCTOCOBHHMH
JUIS IPOTHO3YBaHHsI TeJIEKOMYHIKaliHOro Tpadiky Ha IPaKTHILi, a TAKOXK BOHH MOXYTh OyTH KOPUCHUMH JUIsi 0OPOOKM BUIIAIKOBHX
MPOLECIB B iHIIKX rajgy3saX 3HaHb: B CLIBCHKOMY TOCIIOJAPCTBI, 1 T. 1.

KJIFOYOBI CJIOBA: Barosa ¢yukuis ¢instpa Koamoroposa-Binepa, ¢pynkuii Youmua, tenekomyHikamiiauii tpagix, MFSD
monens, Gpynkuii beccens, meron ["anepkina.

© Gorev V. N., Shedlovska Y. I., Laktionov I. S., Diachenko G. G., 2026
DOI 10.15588/1607-3274-2026-2-1 OFEN (o) ACCESS




p-ISSN 1607-3274 Pagioenexrponika, inpopmaTuka, ynpasainss. 2026. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2026. Ne 2

10.

11.

12.

13.

14.

JITEPATYPA
Count and Teletraffic Analysis of G/M/1 Queueing Systems
With Log-Normal Interarrival Time of Bursty IoT Traffic /
[S. L. Castellanos-Lopez, F. A. Cruz-Perez, M. E. Rivero-
Angeles et al.] // IEEE Access. — 2025. — Vol. 13. — P. 50611—
50634. DOTI: 10.1109/ACCESS.2025.3543460.
Distribution and Moments of the Idle Period and Interarrival
Time in the G/M/1 Queueing System / [F. A. Cruz-Perez,
S. L. Castellanos-Lopez, G. Hernandez-Valdez et al.] // IEEE
Access. — 2025. — Vol. 13. — P. 34887-34902. DOI:
10.1109/ACCESS.2025.3544101.
Fiorini F. Quantitative delay analysis of GI/G/1 queues with
heavy-tailed traffic by means of Alpha Theory / F. Fiorini,
M. Cococcioni, M. Pagano // Computer Networks. — 2025. —
Vol. 269. — P. 111394. DOTI: 10.1016/j.comnet.2025.111394.
Saha S. Overcoming data limitations in internet traffic fore-
casting: LSTM models with transfer learning and wavelet
augmentation / S. Saha, A. Haque, G. Sidebottom // Computer
Communications. — 2025. — Vol. 242. — P. 108280. DOI:
10.1016/j.comcom.2025.108280.
Deep Learning on Network Traffic Prediction: Recent Ad-
vances, Analysis, and Future Directions / [O. Aouedi,
V. A.Le, K. Piamrat et al.] / ACM Computing Surveys. —
2025.—Vol. 57, Issue 6. — P. 151. DOT: 10.1145/3703447.
Hyperparameter Optimization for Wireless Network Traffic
Prediction Models With a Novel Meta-Learning Framework /
[L. Wang, J. Zhang, Y. Gao et al.] // IEEE Internet of Things
Journal. — 2025. — Vol. 12, Issue 15. — P. 29514-29528. DOI:
10.1109/J10T.2025.3568832.
Self-similar traffic prediction for LEO satellite networks
based on LSTM / [Y. Zhang, Y. Wang, H. Cao et al.] // IET
Communications. — 2025. — Vol. 19 — ¢12863. DOL
10.1049/cmu2.12863.
Mystakidis A. Advances in Traffic Congestion Prediction: An
Overview of Emerging Techniques and Methods /
A. Mystakidis, P. Koukaras, C. Tjortjis / Smart Cities. —
2025. - Vol. 8 No. 1. - P. 25 DOIL
10.3390/smartcities8010025.
Symbor W. Ensuring Reliable Network Communication and
Data Processing in Internet of Things Systems with Predic-
tion-Based Resource Allocation / W. Symbor, L. Falas // Sen-
sors. — 2025. — Vol. 25, No. 1. — 25. DOTI: 10.3390/s25010247.
Wakui T. GAMPALV2: An Anomaly Detection Mechanism
for Internet Traffic by Predicting Flow Size Range from Time
Features / T. Wakui, F. Teraoka, T. Kondo // IEICE Transac-
tions on Information and Systems. — 2025. — Vol. E108.D, Is-
sue 6. — P. 505-516. DOI: 10.1587/transinf.2024NTP0002.
Li M. Direct Generalized fractional Gaussian noise and its
application to traffic modeling / M. Li // Physica A. — 2021. —
Vol. 579. - P. 126138 (22 pages). DOL
10.1016/j.physa.2021.126138
Avraham Y. A Novel Clock Skew Estimator and Its Perform-
ance for the IEEE 1588v2 (PTP) Case in Fractional Gaussian
Noise/Generalized Fractional Gaussian Noise Environment /
Y. Avraham, M. Pinchas // Frontiers in Physics. — 2021. —
Vol. 9. —P. 796811. DOT: 10.3389/fphy.2021.796811
Anderson D. Multifractal and Gaussian fractional sum—
difference models for Internet traffic / D. Anderson,
W. S. Cleveland, B. Xi // Performance Evaluation. — 2017. —
Vol. 107. —P. 1-33. DOI: 10.1016/j.peva.2016.11.001
On the use of the Kolmogorov-Wiener filter for heavy-tail
process prediction / [V. Gorev, A. Gusev, V. Korniienko et
al.] // Journal of Cyber Security and Mobility. — 2023. —

© Gorev V. N., Shedlovska Y. I., Laktionov I. S., Diachenko G. G., 2026
DOI 10.15588/1607-3274-2026-2-1

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Vol. 12, Ne 3. — P. 315-338. DOL 10.13052/jcsm2245-
1439.123.4.

Method for signal processing based on Kolmogorov-Wiener
prediction of MFSD process / [V. N. Gorev, Y. I. Shedlovska,
I. S. Laktionov et al.] // Radio Electronics, Computer Science,
Control. — 2024. — No. 3. — P. 19-25. DOIL: 10.15588/1607-
3274-2024-3-2.

Sokolovsky A. I. On hydrodynamics in the presense of strong
external potential field / A. 1. Sokolovsky, S. A. Sokolovsky //
Journal of Physics and Electronics. — 2021. — Vol. 29, No. 1. —
P.21-28. DOI: 10.15421/332103.

Sokolovsky A. I. On hydrodynamics in the presense of strong
external potential field / [A. I. Sokolovsky, S. A. Sokolovsky,
O. A. Hrinishyn] // East European Journal of Physics. — 2020.
—No. 3. - P. 19-30. DOI: 10.26565/2312-4334-2020-3-03.
Gorev V. N. Kolmogorov-Wiener filter for continuous traffic
prediction in the GFSD model / V. N. Gorev, A. Yu. Gusev,
V. I. Korniienko // Radio Electronics, Computer Science,
Control. — 2022. — No. 3. — P. 31-37. DOI: 10.15588/1607-
3274-2022-3-3.

Generalized fractional Gaussian noise prediction based on the
Walsh functions / [V. N. Gorev, A. Yu. Gusev,
V. L. Korniienko et al.] // Radio Electronics, Computer Sci-
ence, Control. — 2023. — No. 3. — P. 48-54. DOI:
10.15588/1607-3274-2023-3-5.

Elaborating a scheme for mine methane capturing while de-
veloping coal gas seams / [Y. Koroviaka, J. Pinka,
S. Tymchenko et al.] // Mining of Mineral Deposits. — 2020. —
Vol. 14, Issue 3. — P. 21-27. DOI: 10.33271/mining14.03.021
Gorev V. Fractional Gaussian Noise Traffic Prediction Based
on the Walsh Functions / V. Gorev, A. Gusev, V. Korniienko
// CEUR Workshop proceedings. — 2021. — Vol. 2853. —
P. 389-400.

Blackledge J. M. Digital Signal Processing. Second edition /
J. M. Blackledge. — Chichester : Horwood Publishing, 2006. —
840 p.

Abramowitz M. Handbook of Mathematical Functions With
Formulas, Graphs and Mathematical Tables / M. Abramowitz,
I. A. Stegun. Tehth edition. — New York : Dover, 1972. —
1046 p.

Ponce de Leon J. Revisiting the orthogonality of Bessel func-
tions of the first kind on an infinite interval / J. Ponce de Leon
/I European Journal of Physics. — 2015. — Vol. 36, No. 1. —
P.015016. DOI: 10.1088/0143-0807/36/1/015016.
Anomalous diffusion of the center of mass during plague
infestation on percolating plantations: a computational study /
[J. R. A. Garcia, A. A. Garcia, B. C. Castro et al.] // Journal of
Statistical Mechanics: Theory and Experiment. — 2025. —
P. 063-401. DOI: 10.1088/1742-5468/add0a5
Computer-Oriented Model for Network Aggregation of
Measurement Data in IoT Monitoring of Soil and Climatic Pa-
rameters of Agricultural Crop Production Enterprises /
[I. Laktionov, G. Diachenko, V. Koval et al.] / Baltic Journal
of Modern Computing. — 2023. — Vol. 11, Issue 3. — P. 500—
522. DOI: 10.22364/bjmc.2023.11.3.09

An Improved Approach to Prediction of Maize Disease Oc-
currence Based on Weather Monitoring and Machine Learn-
ing: Case of the Forest-Steppe and Northern Steppe of
Ukraine / [G. Diachenko, I. Laktionov, A. Vizniuk et al.] //
Baltic Journal of Modern Computing. — 2024. — Vol. 12,
No. 4. — P. 387-414. DOI: 10.22364/bjmc.2024.12.4.03
Cheng T. Tail Risk in Weather Derivatives / T. Cheng,
S. R. Poreddy, K. Chen / Commodities. — 2025. — Vol. 4,
No. 2. —P. 11. DOI: 10.3390/commodities4020011.

OPEN a ACCESS






