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Abstract. The problem of predicting self-similar traffic with significant and frequent ripples and the
property of long-term dependence is considered. For short-term prediction of self-similar traffic, which is
performed outside the considered time interval, a method of spline extrapolation based on various spline
functions (cubic and cubic B-splines) is proposed. We recommend a method for estimating traffic prediction
errors for each traffic prediction option using cubic or cubic B-splines. Comparison of the results of
predicting self-similar traffic using various spline functions (cubic and cubic B-splines) show that the
accuracy of the prediction can be improved by using cubic B-splines. According to the results of the study,
it is established that cubic B-splines are characterized by high constructively, adequacy to the tasks and
simplicity of practical implementation. Their use makes it possible to greatly simplify computational
processes using formalized mathematical constructs. The use of the proposed method of spline
extrapolation based on cubic B-splines has several advantages over other known methods, namely, ease
of practical implementation, high accuracy of forecasting, the ability to accurately extrapolate peak "bursts"
of traffic, which is especially important when solving problems in real time. The results of predicting self-
similar traffic will allow the operator, at the stage of design and further operation of the mobile
communication network, to provide the required amount of buffer devices for the network hardware and
software, thereby avoiding network congestion and exceeding standard values of traffic service quality
indicators. Proposed is the prospect of further research through the use of wavelet-extrapolation in order
to improve the accuracy of prediction. Practical significance is determined by the developed
recommendations for using the spline-extrapolation method in solving various problems of designing
networks of various technologies and structures.
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AHoTauifA. Po3rnsHyTo 3agady NporHO3yBaHHA camonodibHoro Tpadika, wo Mae 3HadHi i vacTi
nynbcauii Ta BNACcTUBICTb AOBIOCTPOKOBOT 3aNeXHOCTI. [Insg KOPOTKOCTPOKOBOrO NPOrHo3y camonofidbHoro
Tpadika, AKMI BMKOHYETLCA MO3a PO3rnNgayBaHOro NPOMDKKY 4acy, 3anponoHOBaHWMW MeToh ChnnamH-
ekcTpanonsuii Ha 6asi pisHux cnnanH-pyHKUin (KyGivHMX i KyGiuHMX B-cnnaiiHie). PEkOMeHA0BaHUIA METOA
OLLiHKM MOXMOKKM MPOrHO3yBaHHSA Tpacika AN KOXHOro BapiaHTa NPOrHO3yBaHHA Tpaddika 3 BAKOPUCTAHHSIM
KyBiuHMX abo KybiyHMX B-cnnariHiB. MOpPIBHAHHA pe3ynbTaTiB NPOrHO3yBaHHA caMonoaibHoro Tpadika 3
BUKOPUCTAHHAM Pi3HMX cnnanH-pyHKUin (KyGiuHMx i KybiyHMX B-cnnamHis) aAo3BonunuM AOBECTH, LLO
TOYHICTb NPOrHO3y MOxe OyTu nigBuLIEHa 3a paxyHOK BUKOPUCTAHHA KybiuHux B-cnnawHiB. 3a
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pesynbTaTaMu AOCNIAXKEHHS1 BCTAHOBMEHO, WO KybiyHi B-crnnmaiHu XapakTepu3yTbCa BUCOKOH
KOHCTPYKTUBHICTIO, aAeKBaTHICTIO A0 NOCTABNEHWX 3aBAaHb Ta MPOCTOTOK NpakTU4HOi peanisavii. Ix
BUKOPUCTAHHS A03BOMNSE 3HAYHO CNPOCTUTKU OBUMCHIOBANbHI NPOLIECU, BUKOPUCTOBYIOYM (hopMani3oBaHi
MaTeMaTUYHi KOHCTPYKUii. BuKkopucTaHHa 3anponoHOBAHOrO MeToAy ChnaH-eKcTpanonauii Mae HU3Ky
nepesar MOPIBHAHO 3 iHWWMM BiAOMUMM METOAaMM, a came, NPOCTOTa MPaKTUYHOI peanisadii, BUCOKa
TOYHICTb MPOrHO3y, MOXJIMBOCTI OOCTaTHbO TOYHO e€KCTpanonBaTW MiKOBi «Cnnecku» Tpadpika, wo
0Cco0NMBO BAXXNMMBO MPU BUPILLEHHI 3aBAaHb B pearnbHOMY mMacwTtabi yacy. Pe3ynbTat NpOrHO3yBaHHS
camonoaibHoro Tpadika 103BONATL ONEPATOPY HA €Tani NPOEKTYBaHHSA | N0AanbLLOT ekcnnyarauii Mepexi
MOBINLHOro 3B'A3Ky nepeabaunTy HeobxiaHu obear 6yhepHUX NPUCTPOIB anapaTHO-NPOrpamMHMX 3acobiB
Mepexi, TUM CaMMM YHWUKHYBLUM MNEPEBAHTAXEHb B MEPEXi i MepeBULUEHb HOPMAaTUBHUX 3HAYEHb
NOKa3HUKIB AKOCTi 06cnyropyBaHHs Tpacika. 3anponoHOBAHO MEPCNEKTUBY MoaanbLuMX AOCHIIKEHb 3a
pPaxyHOK BWKOPUCTAHHA BeWBMET-ekcTpanonAuii 3 MeTOK nNiaABULLEHHS TOYHOCTI MNPOrHO3yBaHHS.
MpakTuyHa 3HaYUMICTb BM3HAYAETLCA PO3POBNEHMMM pPEKOMeHAAUiAMU AN BMKOPUCTAHHS METOAY
cnnawnH-ekcTpanonAuii Npu BUPILIEHHI pPi3HUMX 3aBaaHb MNPOEKTYBAHHA MEpPEeX Pi3HMX TEexXHOMOorin Ta
CTPYKTYP.

KrrouoBi cnoa: camonogibHuin Tpadik, akicTb 00CNYroByBaHHA, NPOrHO3yBaHHSA, eKCTpanonauia,
cnnamH-yHKUiA.

AHHOTaumA. PaccmoTpeHa 3agadva nporHo3upoBaHus camonogobHoro tpacduka, obnagatowero
3HAYMTENbHBIMM M YacTbiMM  NyMbCaUMAMM U CBOWCTBOM  AOMArOCPOYMHOW  3aBucMMOCTU. [ns
KPaTKOCPOYHOrO MpOrHo3a camonogobHoro Tpadmka, KOTOPbIA BLIMOMHAETCA BHE paccmaTpuBaemMoro
NPOMEXKYTKa BPEMEHU, MPEANOXKEH METOA CMMNAanH-3KCTPanonauun Ha 6ase pasnuyHbIX CnnanH-PyHKUUNA
(kyGuuecknx n kybudeckux B-cnnarHoB). PekomeHaoBaH MeTod OLEHKW NOrpeLlHOCTU NPOrHO3UPOBaHUS
Tpadmka AN KaK4Oro BapuaHTa NpPOrHo3MpoBaHusA Tpadwmka C MCMONb30BAHWEM KyOWUECKMX WIU
Kybudeckmnx B-cnnanHoB. CpaBHEHME pe3ynbTaToOB MNPOrHO3MPOBaAHUA caMonogobHoro Ttpaduka ¢
UCNONb30BAHUEM PAa3NUYHbIX CnnanH-PyHKUMA (Kybudeckmx u kKybuuyeckux B-cnnaiHOB) NO3BONMMU
nokasaTb, YTO TOYHOCTb MNPOrHO3a MOXET OblTb MOBbILIEHA 3a CYET WMCNONb30BaHMA Kybuyeckux B-
cnnanHoB. CornacHo pesynbTatam MCCNeaoBaHUsl YCTAHOBMEHO, 4TO Kybudyeckme B-cnnanHbl
XapaKTEPU3YITCA BbICOKOW KOHCTPYKTUBHOCTLIO, AEKBATHOCTLIO K NOCTABMEHHbIM 3a4a4am 1M NpoCTOTON
npakTu4eckon peanusaumm. VX ncnonb3oBaHue NO3BONAET 3HAYUTENLHO YNPOCTUTb BbLIYUCIUTENbHLIE
MpOUECChl,  MCnonb3ysa  OpManuU3oBaHHbIE  MaTemMaTuyeckue  KOHCTpykuuu.  Mcnonb3oBaHue
NPeasnoXXeHHOro MeToAa ChanH-aKCTpanonauun MMeeT psag NPEMMYLLECTB B CPaBHEHUM C APYTUMU
U3BECTHbIMU METOAaMMK, & UMEHHO, MPOCTOTa NPaKTUYECKON peanu3aumu, BbICOKass TOYHOCThL MPOrHO3a,
BO3MO>XHOCTM J0CTATOYHO TOYHO 9KCTPANONMPOBATL NMUKOBLIE KBCMMECKNY Tpaduka, 4To 0COBEHHO BaXKHO
npu pelleHun 3agad B peansHoMm maclitabe BpeMeHu. PesynbTarbl MPOrHO3MPOBaHMA camonogobHoro
Tpaduka no3BONAT ONepaTopy Ha dTane NPOEKTMPOBAHMSA U AanbHENLIEN SKCnnyaTauum CETM MOOUIbHOM
CBA3M NpeaycMoTpeTh Tpebyemblit 06beM DydepHbIX YCTPOWCTB annapaTHO-NPOrpaMmMHbIX CPEACTB CETH,
TEM CaMbiM M30exaB NepPerpy3ok B CETU U MPEBbILUEHUI HOPMATUBHBLIX 3HAYEHUI MOKa3aTenemn kayectsa
obcnyxupaHua Tpaduka. INpeanoxeHo NePCneKTUBY AanbHENLINX MCCNEAOBAHUI 3a CYET UCNONb30BAHUS
BEMBMNET-IKCTPANONALUUN C LENbK NOBLILLEHUS TOYHOCTW NPOrHO3UpPOBaHuA. MpakTuyeckas 3Ha4MMOCTb
onpeaendeTca paspaboTaHHbIMK PEKOMEHAAUMAMM AN UCMONMb30BAHMA METOAA CNNarH-3KCTPanonaumm
MPW PELLEHNN PasnYHbIX 3a4a4 NPOEKTUPOBAHUSA CETEN PA3NUYHbIX TEXHOMOTUIA U CTPYKTYP.

KnoueBble cnoBa: camonogoOHbIi Tpaduk, KavyecTBO OBCNY>KMBAHMS, NPOrHO3MPOBAHWUE,
aKCcTpanonauua, cnnanH-pyHKumuA.

The development of fifth generation SG/NR mobile networks (New Radio) primarily
involves the introduction of a new range of services for users. These are video service Video
Surveillance, Smart-TV, loT-cameras, smart-M2M objects services, loT-telemetry services, [oT-
telemedicine telemedicine services, Smart house systems, Smart house, Smart parking lots, Smart
grids and, in perspective, holographic TV, virtual VR (Virtual reality) services and augmented AR
(Augmented reality) realities [1-2].

The development of these services requires the operator, first of all, to increase the data
transfer speed and provide the required values of the quality of service traffic. The traffic served
on the IoT network is quite heterogeneous. It has different indicators depending on each type of
service. At times it is low-speed data transfer by IoT sensors, and at times real-time HD video
transmission.

It is known [3] that the high-speed data traffic that is generated by the IoT network objects
is self-similar. This is determined by the long-term relationship between traffic values at different
time periods, significant and frequent bursts of intensity, which are statistically similar for different
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time scales. In practice, the appearance of long-term traffic pulsations at arbitrary points in time
often leads to a sharp increase in packet delay time, which causes congestion of network nodes
and buffer devices and, accordingly, has a significant impact on the quality of traffic service [3].
Predicting the characteristics of self-similar traffic will allow for possible peak loads in the
network and efficient traffic management, thereby ensuring the required quality indicators. Given
the above facts, the urgency of the task of predicting self-similar traffic is obvious.

The aim of the work is to solve the problem of predicting self-similar traffic and choosing
a method by which traffic will be restored more accurately outside the considered interval, on
which traffic is defined.

In predicting the indicators of self-similar traffic, which is determined on a given interval
of consideration by a certain function, the extrapolation of the function is used, which allows
obtaining the continuation of the function outside its domain of definition using information about
the behavior of the function in the extrapolation nodes belonging to its domain of definition. The
spline extrapolation method has several advantages over the currently known extrapolation
methods: resistance to local disturbances, good convergence of spline interpolation, in particular,
for functions with irregular smoothness properties (an example of which is self-similar traffic),
spline has an undeniable priority -interpolation.

A significant number of scientific papers [5—15] have been devoted to the issues of
predicting self-similar traffic, in which the authors proposed various predicting methods. A
“classical” approach to predicting traffic characteristics was used in [4], where various
extrapolation methods were compared (Lagrange polynomial, Markov chains, automaton method)
and the expediency of using the extrapolation method to predict self-similar traftic was shown.
One of the generally accepted traffic predicting mechanisms is the linear regression models
ARIMA and FARIMA, considered in [5—7]. However, their use is recommended for traffic with
weak self-similarity, which is difficult to attribute to the traffic considered in this work. The neural
network predicting method considered in [8—9] allows one to solve several of practical predicting
problems, such as dynamically redistributing the bandwidth in order to use network resources and
support quality characteristics.

However, it is important to note that the use of the neural network method implies the need
for network training, it is a complex and time-consuming process, and even a “trained” network is
not always clearly predictable due to heuristic approaches in its construction. The prediction
accuracy in such a network depends on the number of training options, and the implementation
has high requirements for computing capabilities. In work [10], the author, in comparing the results
of predicting network traffic with the help of the linear regression model of SARIMA and neural
networks, showed that in most cases the use of complex and time-consuming methods of neural
networks 1s impractical.

Review of the literature in the field of prediction of self-similar traftic characteristics leads
to the conclusion about the complexity of the known methods of predicting and achieving
prediction accuracy. This significantly reduces the scope of their practical use, especially in
predicting in real time for networks with a large bandwidth. The extrapolation methods considered
by the authors [4-10] are, as a rule, laborious, have significant errors under conditions of frequent
and significant bursts of traffic intensity, and are difficult to implement in predicting traffic in real
time. The solution of the problem of extrapolation by cubic splines or piecewise polynomial
representation of them in many cases is a convenient tool in the computational sense [11-13].
Consider the spline extrapolation method for self-similar traffic, which is modeled in the Simulink
package of the Matlab environment using various spline functions (cubic and B-splines).

Method of Self-Similar Traffic Prediction. Consider self-similar traffic in a segment [a:5]
. Let a partition A a=x,<x <..<x, =b be given on a segment [a;h]. Consider a cubic
interpolation spline S;(x), for which at each interval [x,:x,,], i=1.., N1 it will be a cubic
function. According to [14], for xe|[x,:x,,], i=0, 1,.., N—1 the cubic spline has the form:

Strelkovskaya 1., Solovskaya I., Tolmak V. 79
Use of spline-extrapolation to improve the quality indicators of telecommunication systems




Hayxogi npaui OHA3 im. O.C. Ilonosa, 2019, Ne 2

S5(x) = f,-(l—f)+ﬁ+1f—h—£f(1—f)[(2—fWi +(1+0OM ], (M

X—X.
where Z:h—l; S;(x) =1 Si(xn) =S S'(x)=M,;; S"(x,)=M,,; h=x,-x,

xelx;x,];i=1.., N-1.

To determine the cubic spline of the form (1), boundary conditions of the form are used
[14]:

SO(fia)=87(f;b), r=1, 2. 2)
Let us consider the uniform partition of the interval [a:5], i.e.

h=h=2"% o1 N-1.
N

Supplement the grid Aia=x, <x, <..<x, =b with the nodes x, <x, <x, <a,
b<x,, <Xy, <Xy, Consider a cubic B-spline that is different from zero on the interval
(x,.fz)x,.+2 ) It is convenient to number B-splines of odd degrees by the middle node of their carrier
intervals. The desired B-spline will be denoted by B,(x).Put y, = B,(x,), M, =B (x,). As for
any cubic spline, B,(x)hold the following equations [14]:

6 yp+1 - yp yp - yp—l
WM, +2M, +\ M, = { —~ ) (3)
h, +h, h h

P p-1

h
where p=i—1, i, i+1,u,=——"—; A =1—p,.
h_ +h,

As B,(x)=0 at x¢[x, ,.x,,,], then
Bl.(r)(xl.fz) = Bl.(r)(xﬁz) =0,r=0,1 2. 4)
Considering that for B-spline the relation [14]:

B(x)=y, <1—r>+y,-+lr—%r<1—z>x[(2—r>M,- +(1+0OM,,],  (5)

here [ : ]'l—x_xi'h =
w XeX Xl = > M =X — X,

we get
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