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2. Models and methods of providing quality of services in network with virtualization support

Pedepar:

1. B po6oTi po3B'si3aHa aKTyaJibHa HAyKOBO-TIPMKJIA/IHA 33]1a4a, 110 MOJISIrae y po3po01li HOBUX Ta BIOCKOHAJIEHHI
icHyI0uMX METOZiB aHali3y pPO3IOJiNly MEPEXXEBUX PECYPCIB; OLIHKY KOPEKTHOCTI QYHKIiOHYBaHHS Ta HAlaHHS
[IOCJIYT Y MYJIbTUCEPBICHUX MepeXKax 3 MigTPMMKOI0 TexHostorii NFV. [Ing BUpileHHs HayKOBO-TIPUKJIAIHOI 3a1adi
YAOCKOHAJIEHO: METO/I IMHAMIYHOTO YIIPABJIiHHA CKJIaJJ0M KOMIJIEKCHUX CEPBICIB 32 paxyHOK 3MiHU IX CKJIaIOBUX Y
NFV mepeskax, skuii 1o3Bosisie GOpMyBaTy Ta YIPABIISATH CKIa40M KOMIJIEKCHOTO CEPBICY 3 ypaxyBaHHIM
IIOTOYHOTO CTaHy CKJIAJIOBUX CEPBiCiB Npu (OPMYBaHHI KOMIIJIEKCHOTO CEPBICY, 1110 NPU3BOAUTD [0 3a0€3[1eYeHHS
HeoO0XxifHOro piBHS QOS; po3p06sIeHO METO]] AUHAMIYHOTO PO3IO/AITY IPOIYCKHOI CIPOMOXKHOCTI KQHAIB 3B'3KY Y
NFV mepeskax, o 6a3yeTbCsl HA MPUHLMIIAX PO3MNOIiIE€HHS 3aJUIIKOBOI TPOIyCKHOI CIIPOMOXKHOCTI Ta JJO3BOJISE
YHUKHYTH [TIOBHOTO 3aBaHTaKEHHS Ta [€PEBAHTAXKEHHS KaHaJly repejadvi; Po3po6ieHo MeTo AMHaMiYHOi
perutikallii cepBiciB B Mepeskax 3 NifTPUMKOIO (YHKIIiM BipTyasisalii MepeskeBUX PECYPCIB, KU 32 PaXyHOK
BUKOPUCTAHHS TEOPii MEPE’KEeBOTr0 00UYMCJIEHHS JO3BOJIS€E MiABUIUTU AOCTYIHICTb i €PEeKTUBHICTb HaZAHHS

CEepBiCiB 32 paXyHOK CBO€4acHOro (OpMYBaHHsI, BUJAJIEHHS KOIIilil pi3HUX TUIIB cepBiciB i ix paljionanbHOrO



po3nofiny M pparMmeHTamMmu Mepexi. BusHaueHo, 1110 3alIpoNIOHOBaHUI MeTo, 6aJlaHCYyBaHHSI HAaBaHTAKEHHS
I03BOJISIE MiABUILMTY €(PEeKTUBHICTb BUKOPHCTAHHS KaHAaJiB Nepenayi Ha 7% Ta 3MEHIINUTY CEePEeSHIO 3aTPUMKY
3arajiom Ha 16% y nopiBHsIHHI 3 guHaMiyHUM anroputmoM Central Queuing, a 3aCTOCYyBaHHS PO3PO0JIEHOTO METOLY
perutiKalii cepBiciB [03BOJISIE TiABUIIUTYI JOCTYIIHICT CEPBICY B 14 pa3iB y BUNAAKY [IEPEBAHTAXKEHD. 3 METOIO
aHasi3y e(eKTUBHOCTI PO3MOIiNly MepeXEeBUX PECYPCIB 3alIPOIIOHOBAHO IIPOBOAUTH aHali3 (PYHKIIOHATBHUX Ta
He(YHKIIOHAJIbHUX BJIACTMBOCTE! CEpPBicy 3a I0IIOMOTI0I0 MOJIE€JIbHOTO MifXony. ¥V sSIKOCTi MaTeMaTUYHOrO anapary
MOJ€JIIOBaHHS 3aIIPOIIOHOBAHO BUKOPUCTOBYBATHU anapat E-mepexx. 3anporoHoBaHi MaTeMaTU4Hi Mozesi i MeToau
MOXYTb OyTM BUKOPUCTaHI Iif] YaCc PO3POOKM, BIIPOBAIKEHHSI Ta M TPMMKU MYJIbTUCEPBICHUX MEPEXK, IO

6a3yI0ThCsl HA XMAapHOMY IIiXO[Ii 3 BUKOPUCTAaHHSIM TE€XHOJIOTII BipTyasizalii MepexeBUx (PyHKLIH.

2. The actual scientific and applied problem is solved in the work, which consists in development of new and
improvement of existing methods of analysis of distribution of network resources; assessment of the correctness
of the functioning and provision of services in multiservice networks with NFV technology support. To solve the
scientific-applied problem, the following methods were developed: the method of dynamic management of the
composition of complex services by changing their components in NFV networks, which allows to form and
manage the composition of the complex service, taking into account the current state of the complex services in
the formation of the complex service, which leads to the required level of QoS; dynamic bandwidth allocation
method for NFV networks based on the principles of residual bandwidth allocation and avoiding full load and
overload of the transmission channel; dynamic replication method that increases the availability of services as the
service grows in popularity on the NFV network. It is determined that the proposed method of load balancing can
increase the efficiency of use of transmission channels by 7% and reduce the average delay by 16% in comparison
with the dynamic algorithm of Central Queuing, and the application of the developed method of replication of
services allows to increase the service availability by 14 times in case of overloads. In order to analyze the
efficiency of the distribution of network resources, it is proposed to analyze the functional and non-functional
properties of the service using a model approach. It is proposed to use the E-network apparatus as a mathematical
simulation apparatus. It is suggested to analyze such algorithmic properties as: boundedness, activity, reachability
and security.6. A dynamic replication method has been developed to increase the availability of services as the
service becomes more popular on the NFV network. To model the change in network characteristics in the service
delivery process, the application of network computing theory is proposed, on the basis of which a number of
definitions have been made, which allow the most complete modeling of NFVI elements. NFVI behavior analysis
methods are proposed in two time models: continuous time: load and service curves and discrete time: arrival and
departure function. Algorithm for reservation of resources in the provision of services based on the use of
elements of the theory of network computing. The method is based on algorithms for analysis and estimation of
the limit indicators of delay and speed of processing, which are characteristic for each node. A practical example of
reserving resources using RSVP. The method of dynamic replication of services in networks with support of
functions of virtualization of network resources is developed, which through the use of network computing theory
allows to increase the availability and efficiency of rendering services by timely formation, deleting of copies of
different types of services and their rational distribution between fragments of the network. The proposed
mathematical models and methods can be used in the development, implementation and maintenance of cloud-
based multi-service networks using network function virtualization technology.
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