O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHI HOMeP: 0826U000817
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 03-04-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. fIBopceka Osibra MuxainiBHa

2. Olha Yavorska
KBasmigikamis:
InenTudgikarop ORCID ID: 0000-0002-1790-7472
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 172

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: EsekTpoHHi KOMyHiKaji Ta pagioTexHika

FaJIy3b / ralesi 3HaHb. €JIEKTPOHIKA,aBTOMATH3allisl Ta €JIEKTPOHHI KOMYHIKali

OCBiTHbo—HayKOBa nmporpama 3i CreniaJibHOCTI: TenekomyHikauii Ta pagioTexHika

JlaTa 3axHcCTy:

CnenianbHICTD 32 OCBITOXO: BaraTokaHalbHUIl €JIEKTPO3B 30K

Micue po60oTH 34,00yBayva: JlepskaBHuil yHIBEPCUTET iHTEIEKTYaIbHUX TEXHOJIOTIH i 383Ky

Kop 3a €IPIIOY: 43997335

Micue3HaxoaKeHHS: ByJ1. Ky3neuna, Opieca, 65023, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CIeliaJai30BaHOi BYE€HOI pazu). PhD 12154
IToBHe HafIMeHyBaHHH Iopn,zmqﬂoi 0COOM: BiHHUIbKUIT HAI[IOHAJIBHUI TeXHIYHUIL yHiBEpCUTET
Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJI. XM€eJIbHUILIBKE 1I0Ce, BiHHMIM, BiHHMLBKUM p-H., 21021, YKpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL OCOOH: BiHHUIIbKMII HAIliOHA/IbHUI TEXHIYHUI YHiBEpCUTET
Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJI. XMeJIbHUILIbKE I0Ce, BiHHUIS, BiHHMLIBKUY p-H., 21021, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHX PYOPHK: 49.03.11, 49.03.07, 27.45.17

Tema gucepranii:
1. OnTumiszalist TPaHCIOPTHUX MOTOKIB IPOrPaMHO-KOHQIrypoBaHoi TeJIEKOMYHIKaLiltHOI Mepeski METOOM

MiHiMaZIbHOTO TPaH3UTy Ha ST-TNJIaHapHOMY BilTbHO-OpPi€HTOBAaHOMY rpadi.

2. Traffic flow optimization in software-defined telecommunication networks via the minimum-transit method on

an ST-planar free-oriented graph.

Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIAIHOI 3a7a4i MiIBUILIEHHS
IIPOAYKTUBHOCTI IPOrpaMHO-KOH)IryPOBAHUX TEJIEKOMYHIKaLiTHUX MEPEX Ha OCHOBI Cy4aCHUX MOJ€eJIeN
onTumizatlii Ta po3noainy uudposux 1oTokiB. OCHOBHA yBara npujijsieHa po3po0JeHHIO METOY, SKUl e(peKTUBHO
BAKOPUCTOBYE BJIACTUBICTb CY4aCHUX KaHAJIIB 3B'3Ky [0 OIMHAMIYHOIO II€PEPO3IOLiTy IIPOIYCKHOI 30AaTHOCTI ¥
IIPSIMOMY Ta 3BOPOTHOMY HaIlpsIMKax. B guceprauiiiHiil po6OTi IpeACTaBjIeH] pe3yJIbTaT HAYKOBUX AOCJIIPKEHD i
IIPaKTUYHUX PO3POOOK, CIIPSIMOBAHUX Ha YIOCKOHAJIEHHS BiJOMUX METOZIB ONTUMI3alii TpPaHCIIOPTHUX IOTOKIB. Le
YMO>KJIMBUJIO MiJBUIIUTU [IPOAYKTUBHICTh IPOrPaMHO-KOHQIrypoBaHOi TeleKOMYyHiKal[iliHOI MepeXi 3a paXyHOK
PO3pO6JIEHHS] METOMY MiHIMAJIbHOTO TPaH3uTy Ha ST-IJ1laHapHOMY BiJIbLHO-OPi€HTOBAaHOMY rpadi Ta mporpamHoi
peaizanii anropuTMiB 17151 po3B’s3aHHS IPSIMO] Ta 3BOPOTHOI 3324 onTuMiszalii. Y poboTi BUKOHAHO aHaJi3

icHyIOuMX Mofesel 3ajadi MaKCUMaJIbHOTO NOTOKY (MaxFlow), BcTaHOB/IEHO iX 0OME>KEeHHSI 1010 3aCTOCYBAaHHS B



MepeXKax i3 JMHAMIYHOIO peKOHQIrypalielo KaHajiB, 30Kkpema B apxiTeKTypi SDN. O6rpyHTOBaHO AOLIIbHICTD
BHUKOpHUCTaHHS ST-TJIaHapHOTO BiJIbHO-OPi€EHTOBAHOro rpada sk aleKBaTHOI MaTeMaTUYHOI MOJiesli Cy4acHUX
TEJIEKOMYHIKaLiTHUX MePeXK. 3alpOIIOHOBAHO YAOCKOHAJIIEHY MOJI€JIb TEJIEKOMYHIKaliHOI MepesKi Ha OCHOBI
HOPMaJIi30BaHOr O BiJIbHO-OpieHTOBaHOrO rpada (FOG), y akomy pebpa MaioTh QiKCOBaHY CyMapHY IPOITYCKHY
3IATHICTb i3 MOXJIMBICTIO ii OBIIBHOrO PO3NOAiNTY MixK HanpssMkamu. CPOpMyJIbOBAHO NPSIMY 3aa4y ONTUMi3alii
MOTOKIB /1151 BU3HAYEHHSI HaBaHTa)KeHHsI pebep 3a 3alaHUM PO3IIOIiJIOM MTOTOKIB Ta pOo3p06JIeHO BiflITOBITHUN
anroputM ii po3s’s3anHs. CpopMyIbOBAaHO 3BOPOTHY 33ady ONTUMI3allii, SIka nepenbdayae BU3HAYEHHS
MaKCHMaJIBHOTO MOTOKY Ta HOT0 PO3MO/ily MO He3alesKHUX MapuipyTax. /114 ii po3B’s3aHHsI po3p06JIeHO
mopudikoBanuil itepauiiiuii anroputm (MIA) 3 BUKOpHCTaHHSIM I1aKeTHOI 0OpOoOKY MapUIpyTiB i pouenypy Max
Selection. Anroputm peasnizoBaHo MoBoto Python Ta ajantoBaHo o po6oty B SDN-cepenosuii Mininet i3
KOHTpoJsiepoM Ryu. ITpoBeieHO KOMITIOTEpPHE MOJIE/IIOBAHHS Ta €KCIIEPMMEHTAJIbHI JOCTiIPKEHHS, 10 MiATBEPAUIN
e(eKTUBHICTb 3aITPONIOHOBAHOTrO Nigxoay. [lokasaHo nepeBaru METOy Hajl KJIaCMYHMMU anroputmamu (Shortest
Path, ECMP, Adaptive Routing) 3a paxyHOK 6isbill e(peKTUBHOI'O BUKOPHCTaHHS IIPOIYCKHOI 3[laTHOCTI KaHaliB i
VHUKHEHHS lepeBaHTakeHb. EkcrieprMeHTanbHa Bepu@ikallis B YMOBax iHTeHCUBHOro Tpadiky HmigTBepauia
CTabIJIbHICTD i IPONYKTUBHICTb aIrOpUTMy. OCHOBHI PE€3yJIbTaTH POOOTHU MOJISITAIOTh Y HACTYITHOMY: L.
YI0CKOHasIeHO MOZesb [IPOrpaMHO-KOHPIrypoBaHoi TesiekoMyHikaniriHoi Mmepeski SDN 1uisixom BBeJ,eHHS
aJalTHBHOI METPUKU Ipady Mepexi, sika Biipi3HsAEThCS Bif, BiTOMUX MOZeJIel TUM, 110 KO>XKHE pebpo Mae
(ikCoBaHY 3arajibHy IIPONYCKHY 3[ATHICTb, SIKA MOXKe OYTU [OBiIbHO PO3MOAiNeHa JJ1s1 IOTOKIB y IPSIMOMY Ta
3BOPOTHOMY HallpsIMKax. 32 paXyHOK LIbOTO 3a06€3I1e4yeThCsl MAKCMMaJbHEe MOXKJIMBE BUKOPUCTAHHS PECYPCiB
Mepexxi SDN Ta 36inbu1yeTbes ii TpOmyKTUBHICTD. 2. YIO0CKOHAIEHO CIOCi0 pO3B'a3aHHS 3a/a4i PO MaKCUMaslbHUI
NoTik Mepexxi SDN 1IJI51XOM IIaKeTHOrO O6UMCJIEHHS PO3IIO/iNy IIOTOKIB 10 HE3aJIeJKHMX MapHIpyTax MiX [OJI0caMu
BiJIbHO-OPi€HTOBAHOrO rpady, BifMiHHMI Bif BilOMUX TUM, 10 Ha KOXKHIH iTepallii OHOBJIIOETbCS 3a/IMIIKOBA Bara
Jiauie TUX peobp, sIKi yBIMILIM 10 CKJIaAy [oNepeHbo 3HalneHnx MapipyTiB. Lle no3Bossie koHTposepy SDN
aHasli3yBaTy IOTOYHUI CTaH 3aBaHTA)KEHHS KaHAJIB i CIIPSIMyBaTH OOYMCIIIOBAJIbHI peCYypCU BUKJIIOYHO Ha
Mogu@ikaliio aKTUBHUX MapIIPyTiB. 3. YIOCKOHAIEHO CIOCi6 BUOOPY MapUIPYTiB AJ1s1 PO3NOJiTy IOTOKIB B MEPEXi
SDN msxoM aHasizy MapIIpyTiB OJHAKOBOI TOBXXUHMU 3i CHiJIbBHUMU pe6paMu, BiTMiHHUI Bifi BilOMUX CIIOCOGiB
THUM, IO [I€PIIOYEPrOBO OOMPAETHC MAPIIPYT 3 MAKCUMAJIbHO MOXKJIMBUM TIOTOKOM, 33 PaXyHOK YOTO 3MEHIIYEThCS
KiJIBKICTB iTepaliil aIrOpUTMY Ta 36i/1bLIYEThCS HOT0 WBUAKOAIS. Pe3ynbTaTy po60TH BIIPOBAIKEHO B
eKcnepuMeHTanbHy SDN-Mepexy AKLIiIOHEPHOTO TOBapUCTBA «YKpTeIeKoM» (M. Ofeca) Ta HaB4aJIbHUI MTPOLeC
Jlep>kaBHOTO yHiBEpCUTETY iHTeIeKTyaJbHNUX TeXHOJIOTIH i 3B'13Ky. Kito4oBi c10Ba: mporpaMmHo-KOHQIrypoBaHa
mepexa (SDN), TesiekoMyHiKallifiHa Mepeska, 6e3NpoBiTHMI KaHaJl, 3a/iladya MaKCUMaabHOTro NoToky (MaxFlow),
ONTUMI3allisl, TPAaHCIIOPTHI IOTOKY, IIPOIYCKHA 3aTHICTb, KOMITIOTEPHE MOJIE/IIOBAaHHS, METOJ, MiHIMaJIbHOTO
TPaH3uUTy, MoaudikoBaHuil iTepauiiinuil anroputm (MIA), ST-nynanapHuii BinbHO-opieHTOBaHuU rpad, Tpadik,
aKicTb 06cyyroByBaHHs (QoS), MapiipyTu3aliisi, KoHPiryparis mepexi.

2. This dissertation addresses the pressing scientific and practical problem of improving the performance of
software-defined telecommunications networks based on modern models of optimization and digital traffic
distribution. The main focus is on developing a method that effectively utilizes the property of modern
communication channels to dynamically redistribute bandwidth in the forward and reverse directions. The
dissertation presents the results of scientific research and practical developments aimed at improving known
methods for optimizing transport flows. This made it possible to increase the performance of a software-
configurable telecommunications network by developing a minimum transit method on an ST-planar freely-
oriented graph and by implementing software algorithms to solve forward and reverse optimization problems. The
study analyzes existing MaxFlow models and identifies their limitations in dynamically reconfigurable networks,
particularly within SDN architectures. The use of an ST-planar free-oriented graph is substantiated as an adequate
mathematical model for modern telecommunication networks. An improved telecommunication network model
based on a normalized Free-Oriented Graph (FOG) is proposed. In this model, each edge has a fixed total capacity
that can be flexibly distributed between opposite directions. A forward optimization problem is formulated to
determine edge load metrics for a given flow distribution, along with a corresponding solution algorithm. A reverse



optimization problem is developed to determine both the maximum flow and its distribution across independent
paths. A modified iterative algorithm (MIA) is proposed, incorporating batch path processing and a Max Selection
procedure. The algorithm is implemented in Python and adapted for operation in an SDN environment using
Mininet and the Ryu controller. Simulation and experimental studies confirm the correctness and efficiency of the
proposed approach. The method demonstrates advantages over classical routing strategies (Shortest Path, ECMP,
Adaptive Routing) due to better bandwidth utilization and avoidance of bottlenecks. Experimental validation under
high traffic load conditions confirms the stability and effectiveness of the MIA algorithm. The main results of the
work are as follows: 1. The model of a software-defined telecommunication network (SDN) is improved by
introducing an adaptive network graph metric, which differs from known models in that each edge has a fixed total
bandwidth capacity that can be arbitrarily distributed between flows in forward and reverse directions. This
ensures maximal utilization of SDN network resources and increases network performance. 2. The method for
solving the maximum flow problem in an SDN network is improved through packet-based computation of flow
distribution over independent routes between the poles of a free-oriented graph. Unlike known methods, at each
iteration only the residual weights of edges included in previously found routes are updated. This allows the SDN
controller to analyze the current channel load state and direct computational resources exclusively toward
modification of active routes. 3. The method of route selection for flow distribution in an SDN network is improved
by analyzing routes of equal length with shared edges, differing from known approaches in that the route with the
maximum possible flow is selected first, which reduces the number of algorithm iterations and increases its
execution speed. The results of the study have been implemented in an experimental SDN network of the Joint-
Stock Company “Ukrtelecom” (Odesa) and in the educational process of the State University of Intelligent
Technologies and Telecommunications. Keywords: Software-Defined Networking (SDN), telecommunication
network, wireless channel, maximum flow problem (MaxFlow), optimization, transport flows, throughput,
computer modeling, minimal transit method, Modified Iterative Algorithm (MIA), ST-planar free-oriented graph,
traffic, Quality of Service (QoS), routing, network configuration.
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