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Pedepar:

1. BaskIMBOIO HAyKOBO-TIPAKTUYHOIO 334a4€l0 € MiIBULIEHHS SIKOCTi 0OCIyTOBYBaHHS Y KOMITIOTEPHUX MepesKax i,
yac BUCOKOi iHTEHCUBHOCTI MepeskeBoro Tpagiky Ta MiKOBUX HABAaHTAXKEHHSIX HAa MapIIPYTU3aTOPU IJISIXOM
3MEHIIEHHS KiJIbKOCTi BTPa4€HUX MEPE’KEeBUX MAKETIB. SIK [10Ka3aj10 MPOBEeJEHEe NOCiIKEHHS] METOIIB
MapupyTtu3atii Tpagiky, IpOrHOo3yBaHHS 3aBaHTAXKEHOCTI MEPEXXEBUX IIPUCTPOIB 3 METOIO IIEPEHATIPABIICHHS
Tpadiky Ha MEHII 3aBaHTaXkKeHi 3a IIPOrHO3aMHU IIPUCTPO] € ePCIIEeKTUBHUM CII0COO0M 3MEHIIEeHHS KiJIbKOCTi
BTpauyeHux IP-nakeTiB Mif yac NikoBMX HaBaHTaKeHb Ha MepexXy. OCKiIbKUA MepeskeBUull Tpadik Mae cBOi IIE€BHi
BJIACTMBOCTI Ta OCOGJIMBOCTI 11 MOXKE OYTH Pi3HMX THUIIIB Ta 3 Pi3HMMH BapiallisiMU BJIaCTUBOCTEN, TO OYJI0
IOCJIiIKeHO MO>KJIMBICTb Ta €(PEKTUBHICTh 3aCTOCYBAaHHS Pi3HUX METOIiB IIPOTHO3YBaHHS YaCOBUX PSZiB 1715
[IPOTHO3YBAaHHS 3aBaHTAKEHOCTI MaplIPyTU3aTopis. [IpoBeneHe HocuiiKeHHs 0Ka3ao, o peaJbHNUN
KOMITIOTEpHU Tpaik Mae QppaKkTasbHi BIaCTUBOCTI, a TAKOXX MOXKE OYTH IEPCUCTEHTHUM 260
AHTUIEPCUCTEHTHMM 3aJIEXKHO Bif, TUITy MepeX Ta iHpopmalii, o y Hux nepenaetbest. OCKiNbKY BUKOPUCTAHHS

(dpaxTasbHUX YACOBUX PSZIB 11711 MAaTEMAaTUYHOIO OIKCY MEPEXEBOro Tpadiky L03BOJISIE MOJIE/II0BATU TaKi HOTo



BJIACTMBOCTI, SIK HaBHICTb TPEH]IiB, IEPCUCTEHTHICTb Ta aHTUIIEPCUCTEHTICT, SIKi IPUTAMaHHi peaJlbHOMY TpagiKy
Ta J03BOJISIIOTh POOUTH MO/ OibIll peasiCTUYHUMU, TO OYJIO BUPIlIEHO BUKOPHUCTOBYBATU [1€PEBAKHO
(dpaxTanbHUI aHai3 Ta cuHTe3 Tpadiky. OTKe, METOI0 IUCEePTallifiHOi pOOOTH € 3MEHIIEHHS IMOBIPHOCTI BTpaTu
IP-nakeTiB Ipy BUCOKIl iHTEHCUBHOCTI Tpa@iKy 3a paXyHOK PO3POOKH i 3aCTOCYBaHHS MOZEJIel Ta METOIIB
(pakTanbHOro aHasizy i afanTUBHOI MapupyTu3alii Tpadiky. [IpoBeeHo AOCiIKEHHS Ta MOPiBHSIbHUI aHai3
MoOJIeJIell Ta METOZIB POOOTH KOMITIOTEPHUX MEPEXK, a TAKOK METOJIiB aHAJIi3y, MOJI€/IIOBAHHS, IPOTHO3YBaHHS Ta
MapupyTusalii MepesxeBoro Tpagiky. Y40CKOHaJIeHO MaTeMaTU4YHY MOJI€JIb MEPEKeBOro (PpaKkTasonoai6Horo
TpadiKy, sIKa Bipi3Hs€eTbCA Bifl BitoMux npencraBieHHsIM Tpadiky Ha piBHI “Naker €” - “nakera Hemae” Ha BXOJi
MapIIpyTHA3aTOpa Ta 3allpOIIOHOBAHMMU JIAHIIOraMy MapKoOBa, 5IKi ONUCYIOTh IMOBIPHOCTI CTaHiB reHepaTopa
Tpadiky SIK CTOXaCTMYHOIO CKIHYEHHOTO aBTOMATa, 1110 [ajio 3MOTY OJlep>KaTy PiBHSHHS AJ14 iMiTaliliHoro
MOJEJIIOBAaHHS (PPAKTaJIbHOTO Ta MYJIbTU(MPAKTaNIbHOTrO TpadikiB. PO3p0o6sieHO MeToh reHepallii MEPEXEBOTO
(dpakranbHOro Tpagiky, KU Biflpi3HSIETbCS Bif] BiLOMUX MOXKJIMBICTIO HAJIAITOBYBATHU (PPAKTANIbHY PO3MIPHICTb Ta
iHTeHCUBHICTb Tpadiky nepeq oro reHepaliieio, a 0TKe, MOZeJI0BaTH pi3Hi Tunu Tpadiky. Briepiuie po3pobsieHo
METO]], aHaJli3y MepeskeBoro (ppakTanononiobHoro Tpadiky, SIKUM Bifpi3HIE€TbCS Bifl BiOMUX BUKOPUCTAaHHSM HOBOI
MipU BU3Hau€HHS (PPaKTaIbHOI pO3MiPHOCTI 6iHapHOTrO TPadiKy, 10 JO3BOJINJIO 3B'13aTU aHATITUYHO HOTO
CTaTUCTUYHI Ta PpaKTaIbHi BAACTUBOCTI, MIBUIATYA TOYHICTh BUZHAYEHHS (DPaAKTAJIbHOI PO3MiIPHOCTI Ta 3MEHIINTH
KiJIbKiCTh apupMETUYHUX Olepalliil Ipu ¢ppakTasbHOMY aHamisi. [IpoBeneHa onjiHKa sIKOCTi Ta e(pEeKTUBHOCTI
3aIIPONIOHOBAHUX METOIB i MOZEJIe HIJISIXOM ITPOBEEHHS €KCIIEPUMEHTIB Ha [IPOrPaMHIl iMiTalilHii MO eIl
Po3p061€HO aIropuTMU MOJIENIIOBAHHS CTPYKTYPU KOMITIOTEPHOI MEPEXI Ta TreHepallii (PpaKkTaaIbHOrO0 MEPEXKEBOTO
Tpadiky, 10 [al0Th MOKJIMBICTh MOJIEJIIOBATU KOMITIOTEPHI MepesKi pi3HOI apXiTeKTypH [1Jis TeCTyBaHHS SIKOCTi
poOOTH aIrOPUTMIB MapiIpyTU3alii. Po3po6sieHo anropuTmu A1 aHasnizy QppaKkTaabHUX BaacTUBOCTEN TpadiKy Ta
aJITOPUTMU [J1s1 IPOTHO3YBaHHS MOBIPHOCTI BTPAaTH MEPEKEBUX MAKETiB MApLUIPYTU3aTOPOM Ha OCHOBI
CTaTUCTUYHUX Ta (PpaKTaJbHUX BIACTUBOCTEN BXiIHOTO TpadiKy, MO JAITh 3MOTY YI,OCKOHAJIIOBATY aJlTOPUTMU
MapuipyTusalii. 3alporIoHOBaHUI METO], aHali3y MepekeBoro GpakTasonoAioHoro Tpagiky 3 6i/1b1I0K TOYHICTIO
Ta OJIHO3HAYHICTIO PEe3yJIbTATiB BU3HAYae (PpaKTalbHy PO3MIPHICTh TpaQiKy HE3al1€KHO Bifl JOBXUHU
IIOCJIiIPKyBaHOTO psAy, Ha BiIMIiHY BiJl BilOMOT0O MeTOJly Ha OCHOBI R /S-aHasi3y, a TakoX Mae MEHIIY KiJIbKiCThb
apudMeTUYHUX orepaliiii. 30KpemMa, 3aIPONOHOBAHUM METO, 1a€ MEHIITUI BiJCOTOK BiXWUJIEHHS Bill CepeqHbOTO
3HaUEHHs NI0Ka3HUKa XepcTa, a came 1,8% , Ha BinMiHy Bif, 2,5% nias R /S-ananisy. Po3po6seHo anropurm
aJlanTUBHOI MapipyTu3sanii Tpadiky 3 3aCTOCyBaHHSIM [0ATKOBOI METPUKMU /1Sl BUBHAUEHHS HAKOPOTIINX LIJISIXiB
nepenavi MepeKeBUX NAKETiB, IPENCTaBIE€HOI IPOrHO30BaHOIO NMOBIPHICTIO BTPAaTH MEPEXXEBOTO MAKETY
MapUIpyTU3aTOPOM, sIKa BUBHAUAETHCSI HOBUM METOJIOM Ha OCHOBI BUMIPIOBaHMX 3Hau€Hb (PpaKTabHOI pO3MIPHOCTI
Ta IHTEHCHMBHOCTI BXiIHOTrO TpadiKy. 3apONOHOBAaHMI Y OCKOHAJIEHN METO], alallTUBHOI MapIIpyTM3allii gae
3MOT'y 3MEHIIYBaTH KiJIbKiCTb BTPA4€HMX MEPEKEBUX MAKETIB Iifl 4aC BUCOKOI iIHTEHCUBHOCTI TpadiKy, 30KpemMa,
npu iHTeHcuBHoOCTi 0,8 B cepelHboMy Ha 23% n1J1s mepcUCTeHTHOro Tpadiky, Ha 17% —n1J1s1 Bunaaxkosoro Tpadiky Ta
Ha 1,5% - 11719 aHTUIIEPCUCTEHTHOrO TpadiKy; KOHKPETHI 3HaU€HHSI IIOKPallleHb 3aJI€5KaTh BiJl IapaMeTpiB Mepexi.

HpaKTI/I‘IHe 3HA4Y€HHS OTPUMaHUX peSy.TIbTaTiB Hi,[[TBepJ_DKeHO Bi]_IHOBi]_IHI/IMI/I dKTaMU BITPOBAIPKEHHA.

2. An important scientific and practical task is to improve the quality of service in computer networks during high
network traffic intensity and peak loads on routers by reducing the number of lost network packets. Any time
series forecasting methods can be used for prediction; the question is only how accurately they will predict the
state of the communication channel for computer networks with different types of traffic. The conducted research
has shown that real computer traffic has fractal properties and can be either persistent or anti-persistent,
depending on the type of networks and the information being transmitted in them. In particular, persistent traffic
is observed in heterogeneous computer networks, while anti-persistent traffic is observed in mobile and home Wi-
Fi networks, in nanonetworks of sensors, and in the Internet of Things (IoT). Since the use of fractal time series for
the mathematical description of network traffic allows to model its properties, such as the availability of trends,
persistence, and anti-persistence, which are inherent to real traffic and make models more realistic, it has been
decided to predominantly use fractal analysis and synthesis of traffic to solve the chosen scientific and practical
task. Based on the conducted research of possible ways to solve the existing scientific and practical problem, the



goal of the dissertation work is formulated as follows: the reduction of the probability of IP-packet loss during high
traffic intensity by developing and applying models and methods of fractal analysis and adaptive traffic routing. A
study and comparative analysis of models and methods of computer networks operation, as well as methods of
analysis, modeling, forecasting, and routing of network traffic, have been conducted. An improved mathematical
model of network fractal-like traffic, which differs from known models by representing traffic at the "packet is
present” - "packet is absent" level at the router input and the proposed Markov chains, which describe the
probabilities of states of the traffic generator as a stochastic finite automaton, has been developed. This allows to
obtain the equations for simulation modeling of fractal and multifractal traffic. Based on the proposed
mathematical model, a method of generating network fractal traffic, which differs from known methods by the
ability to adjust the fractal dimension and traffic intensity before its generation, thus modeling different types of
traffic, has been developed. For the first time, a method of analyzing network fractal-like traffic, which differs from
known methods by using a new measure for defining the fractal dimension of binary traffic, has been developed.
This allows to analytically link its statistical and fractal properties, increase the accuracy of determining the fractal
dimension, and reduce the number of arithmetic operations during fractal analysis. The quality and effectiveness
of the proposed methods and models have been assessed through experiments conducted on the software
simulation model. The practical value of the work lies in the following: The algorithms for modeling the structure
of a computer network and generating fractal network traffic, which allow to simulate computer systems of
different architecture to test the quality of routing algorithms, are developed. The algorithms for analyzing fractal
properties of traffic and algorithms for predicting the probability of loss of network packets by a router based on
statistical and fractal properties of incoming traffic, which allow to improve routing algorithms, are developed. The
proposed method for analyzing network fractal-like traffic determines the fractal dimension of traffic with greater
accuracy and unambiguity of results, regardless of the length of the studied series, unlike the known method based
on R/S-analysis, and also has fewer arithmetic operations. In particular, the proposed method has a smaller
percentage deviation from the average value of the Hurst exponent: namely, 1.8% compared to 2.5% for R/S-
analysis. The adaptive traffic routing algorithm using an additional metric for determining the shortest paths for
network packet transmission, represented by the predicted probability of loss of a network packet by a router,
which is determined by a new method based on measured values of fractal dimension and intensity of incoming
traffic, is developed. The proposed improved adaptive routing method allows to reduce the number of lost network
packets during high traffic intensity, in particular, at an intensity of 0.8 on average by 23% for persistent traffic, by
17% for random traffic, and by 1.5% for anti-persistent traffic, with specific improvement values depending on
network parameters. The practical significance of the obtained results is confirmed by the corresponding

implementation acts.
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