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Pedepar:

1. B pucepTauiiiniil poboTi po3B’s13aHO HAYKOBO-TIPAKTUYHE 3aBJAHHS 3a0€311€UE€HHS 3aMOBJIEHOI SIKOCT]
00CJIyrOBYBaHHSI B YMOBaX OOMEXEHOCTI MEPEXXEBUX PECYPCIB LIJIIXOM PO3POOJIEHHSI HOBOI MOZIEJli IPOrPaMHO-
KOHQIrypoBaHoi cepBiCHO-0OPi€eHTOBaHOi MepeXXi 3 aallTUBHUM YIIPaBJIiHHIM Pecypcamu Ta SIKiCTIO
00CJIyTOBYBaHHS, sIKa 6a3yeThCsl HA YAOCKOHATIEHUX METOAaX Ta aJITOPUTMax afaliTUBHOTO BCTAaHOBJIEHHS
IIPiOpHUTETIB NIOCJIYT, BUOOPY CEpBEPa 0OCIYTOBYBAaHHS Ta MApIIPYTY IE€PeIABaHHS JAaHUX. 3alIpOIIOHOBAHO
KOHLIETITyaJIbHy MOJI€JIb IIPOrpaMHO-KOHQIrypoBaHOi CEpBICHO-OPi€EHTOBAHOI MepeXi 3 afANTUBHUM YIIPaBJIiHHAM
pecypcamu Ta SIKiCTIO 00CJIyrOBYBaHHS. YIOCKOHaJIEHO METOJ, BUMIPIOBaHHS 3aTPUMKHU [1€peJaBaHHS JaHUX B
IIPOrpaMHO-KOH(QIrypOoBaHUX MEpeXaX, BAKOPUCTAHHS Ha MIPAKTHUL SIKOTO, 1aJI0 3MOTY B IIPOLIECi MOHITOPUHTY
nigBumuTy 10 70% TOYHICTD OLIiHKM CTaHy KaHaJly MK KOMyTaTOPaMU 3a KPUTEPIEM 3aTPUMKU 1711 HU3BKO

IpiopyUTeTHUX MOTOKIB. PO3p06s1eHO MeTO aanTUBHOI 6araToKpUTepiaibHOI MapuIpyTH3allii TIOTOKIB 1aHUX B



[IPOrpaMHO-KOH(QIrypOBaHUX CEPBICHO-OPi€EHTOBAHMX MEPEKAX, SIKUI BUKOPUCTOBYE aJJalITUBHY iHTETPAJIbHY
METPUKY OKPEeMO [1JIs1 KOXKHOT'O Kjlacy iHpopmMalifHuX [OTOKIB. [laHa MeTpuKa 6a3yeThCsl Ha BUMIPSIHUX
(PYHKLIOHYBaHHS Ta HEOOXiJHMUX BUMOT JO SIKOCTi HaZJaHHS CEPBiCiB. 3allpONIOHOBAHO AJITOPUTM PO3B'SI3aHHS 3a7a4i
6araTokpuTepianbHOI ONTUMI3aLii 111 BUBHAYEHHS ONTUMAJIbHOTO CEPBEPa 0OCIYrOBYBaHHS JAaHUX 3
BUKOPUCTAHHSIM iHTErpajibHOTO afUTUBHOTO KpUTepit. [IpoBeneHo Bepudikallito 3arpornoHoBaHOi alalTUBHOI
MapIupyTu3aLii y HOPiBHAHHI i3 iCHYI0UMMU aJIrOPUTMaMU MapIIPyTU3aLii MJIIXOM IMITalliiHOrO MOJEIIOBAaHHS.
BcTaHOBIIEHO, 110 3 BUKOPUCTAHHSIM aJalITUBHOI MapHIPyTU3aLii 3a6e3redyeTbCsl HEOOXiIHUI PiBE€Hb SIKOCTi
06CJIyrOBYBaHHS 17151 KOHKPETHOTO TUIly TpadiKy, MaHIMy/I10l041 BaroBUMu KoedillieHTaM1 METPUKU MApIIPYTY.
Po3po6s1€HO NPOTOTUI NPOrpaMHO-KOHPIrypoBaHOi Mepexxi IIJISIXOM IIPOIPaMHOTO PO3rOPTaHHS BipTyaabHOTO
6araToOpiBHEBOIO MEPEXEBOr0 KOMYTAaToOPa 3 BifKpUTUM Kogom Open vSwitch Ha anapartHiit nnargopmi Raspberry
Pi 3 Model B Ta konTtponepa Floodlight na nnargopmi Orange Pi Prime. Ha 6a3i po3p0671€HOro IpoTOTUITy MEPEXKi
IIPOBEJIEHO OCIiI>)KeHHS! BIUIMBY TEXHIYHUX [1apaMeTPiB SIKOCTi 06CIyrOByBaHHS B IIPOLiECi lepeiaBaHHs]
BiZIEOIIOTOKIB PeasibHOr0 4acy Ha piBeHb SIKOCTi CIPUIHATTS CEPBiCY KiHLIEBUM KOPUCTYBay€M, BUBHAYEHOTO
LIJISIXOM BUKOPUCTAHHSI METOZY €KCIIEPTHOTO OL[iHIOBAHHS 32 5-TU 6aJIbHOIO 1IKasolo. 1110 1ano 3mory 3 HayKoBOi
TOYKU 30py 3HANTU KOPEJISLiI0 MiX [TapaMeTpaMu SIKOCTi 06CJIyrOBYBaHHS Ta SIKICTIO CIIPUIHSATTS CepBicy

KOpHUCTyBauaMu (popmMasli3oBaHy y BUIJISIAI MaTeMaTU4HOI MOJeJIi.

2. The thesis solves the scientific and practical task for ensuring the ordered quality of service in conditions of
limited network resources by developing a new model of service-oriented software-defined network with adaptive
resource management and quality of service, based on advanced methods and algorithms for adaptive
prioritization of services, choice of service server and data transmission route. The conceptual model of service-
oriented software-defined network with adaptive management of resources and quality of service is proposed. The
method of measuring data transmission delays in software-defined networks has been improved, and its use in
practice allowed increasing the accuracy of estimating the channel state between the switches by the delay
criterion for low-priority flows up to 70% in the process of monitoring. The method of adaptive multicriteria
routing of data flows in s service-oriented software-defined networks, which uses an adaptive integral metric
separately for each class of information flows, is developed. This metric is based on measured quality of service
parameters, characterizing each link of the network topology in the process of the network operation and the
necessary requirements to the quality of service provision. The algorithm for solving the multicriteria optimization
problem to determine the optimal date service server using the integral additive criterion is proposed. The
verification of the proposed adaptive routing in comparison with the existing routing methods has been carried
out by simulation. It was found that using adaptive routing provides the necessary level of quality of service for a
particular type of traffic by manipulating the weight coefficients of the route metric. The prototype of software-
defined network is developed by software deployment of virtual multilayer network switch with open source code
Open vSwitch on the hardware platform Raspberry Pi 3 Model B and Floodlight controller on Orange Pi Prime
platform. Based on the developed network prototype the research of influence of technical parameters of quality
of service in the process of real-time video flows transmission on the level of quality of end-user's perception of
service defined by using the method of expert evaluation on the 5-th point scale was conducted. This allowed
finding a correlation between the service quality parameters and the quality of service perception by users
formalized as a mathematical model from the scientific point of view.
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