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Juceprariiiina po6oTa MpHUCBsiUEHA BUPIMIEHHIO aKTyalbHOI HAYKOBO-TEXHIYHO1
3a/1a4i MO0 MiJBUIIECHHS €()EKTUBHOCTI BUKOPUCTAHHS XMApHUX OOYMCIIIOBAIbHUX
pECypCIB IPHU 3aCTOCYBaHHI TEXHOJIOr1], 10 0a3yeTbesa Ha Mozeni «[HppacTpykTypa y
AKOCT1 CEpBICY», NUISXOM pPO3POOKH METOIIB PO3IMOAUTY pPEecypciB y XMapHOMY
CepEIOBHIIIL. .

06 ’exm OocniddicenHsi — TIPOIIEC PO3MOAUTY PECYPCiB Y XMapHOMY CEPEIOBHIINI
IIpY BUKOPUCTAHHI TEXHOJIOT11, 10 0a3yeTbest HAa Mozaem «IHdpacTpykTypa y sSKOCTI
CepBICY».

Ilpeomem Oocnidxcenuss — METOAM PO3MOAULY PecypCciB y KOMITHOTEPHUX
cucreMax, iHppacTpyKTypa IKUX MICTUTBCS Y XMapHOMY CEPEIOBHIIIL.

Memoro oucepmayitinoi pobomu € MiABUIICHHS €(EKTUBHOCTI BUKOPHUCTAHHS
XMapHUX OOYHCITIOBAIBHUX PECYpPCiB MPH BUKOPUCTAHHI TEXHOJIOTII, IO 0a3yeThes
Ha wMozem «lHdpacTpykTypa y SKOCTI CepBiCYy» IUISXOM pPO3POOKH METOIIB
PO3MOIUTY peCcypciB MK KOPUCTYBauyaMu XMapH.

YV ecmyni OOTpyHTOBAaHO aKTyalbHICTb PO3MOJLTY PECypciB y XMapHOMY
CEPEeNIOBUIII, MPEJCTABICHO 3B SI30K pOOOTH 3 HAYKOBHMU IpOTrpaMaMu, IUIAaHAMU 1
TEMaMH{, HaBEJICHO HAayKOBY HOBU3HY, TMPEJCTAaBICHO TMPAKTUYHE 3HAUYCHHS
OTPUMAaHUX PEe3yJbTaTiB, HATAHO 1H(OPMAIIiIO 010 0OCOOMCTOTO BHECKY 37100yBaua,
MPEICTABICHO TEPENTiK MyOITiKaIlii 3a TEMOIO TUCepTaIlii.

V' nepwiomy po3dini mpoBeneHWN aHali3 METOMIB PO3MOJLTY pPECypciB y
XMapHUX  cepeloBUIllaX.  30Kpema,  po3riasHyTi  OcoOJMBOCTI  XMapHUX
0o0UHMCITIOBAIBHUX CHUCTEM Ta PO3MOALLY pecypciB B HuUX. IIpoananizoBaHi icHyroui

CTaTUYHI 1 JAMHAMIYHI METOJY PO3MOJAULY PECYpPCIB Yy BIPTyalbHUX CEpPEIOBUINAX.
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[IpoBenennii MOPIBHAIBHUI aHAI3 MIAXOMIB JO PO3MOAUTY PECYPCIB y XMAPHOMY
CEepEeAOBUIIII 3 PI3HUMH MOJICIISIMU 00CITYyroByBaHHs. Ha OCHOBI MpOBENEHOTO aHATI3y
chopMylibOBaH1 3a/1a41 JOCTIIKEHHS.

YV opyeomy po30ini OCHOBHa yBara NpuJIJIeHa 3aBJaHHIO 0a30BOT0 BUALICHHS
pecypciB XMapHOro cepeoBuIlia 3 MOJEUI0 o0ciayroByBanHs «lHdpacTpykrypa y
AKOCT1 cepBicy». [l Horo BHUpIIIEHHS MPOBENECHA JIEKOMIIO3MIISI XMapHOIO
cepeqioBuIlla, OOTpyHTOBAaHUM BUOIp METOMy MJisi 0a30BOr0 BHUIUICHHS XMapHHUX
pECYpCiB Ta 3amlpONOHOBAHHWH METOJ 0a30BOTO BHUIUICHHS PECYpCiB XMapHOTO
cepe/ioBUIlla KOPUCTyBauy, OpIEHTOBaHOMY Ha Mojenb laaS. Takox HaBeaeHui
NpuKiIax  0a30BOTO  3aBaHTAKCHHS  BIPTyallbHOIO  XOCTa 3a  JIOIOMOTOO
3aIpoOIIOHOBAHOTO METO/IA.

Y mpemvomy po30ini 3anipONIOHOBAHUN PO3TJIS €TaIiB METOAY aJalTHBHOTO
pPO3MOALTY XMapHUX peCcypciB TIPpU BUKOPUCTAHHI MoJeNli  0OCIyroByBaHHS
«IH(pacTpykTypa y SKOCTI cepBicy». 30Kkpema, IpOoBe/ieHE y3aralbHEeHHS BUMOT IO
METOAY PO3MOALITY XMAapHHX PEeCypCiB MpH BUKOPHUCTAHHI MOJAEII OOCIyroBYBaHHS
«IH(pacTpykTypa y SKOCTI CepBICY» Ta 3alpONOHOBaHA CTPYKTypa METOAY
aJanTUBHOTO PO3MOAUTY XMapHHUX pecypciB. B Mexax NaHoi CTpyKTypH po3poOieHi
METO/ aJalTHBHOTO IPOTHO3YBaHHS Ha OCHOBI TECTY Ha TOCIIIOBHICTh CEpiid, METOT
IPEBEHTUBHOTO (OPMYBaHHS dYepr 3alWTiB Ha BIPTyalibHI MAIIMHU XMapHOIO
CepeOBHINA Ta MOJIeNIb 0AraToiIbOBOTO PO3IOILITY PECYPCIB, K1 1aJld MOKJIIUBICTh
peanizyBaTé aJAanTHBHUN PO3MOJLI XMApPHUX PECYPCIB y BUMAJIKY BUKOPHUCTAHHS
Mozeni oocimyroByBanHs «[HppacTpykTypa y SKOCTI CepBICy».

YV uemeepmomy po30ini MpOBEACHI TOCTIDKCHHS 3alpOIIOHOBAHUX METO/IIB
pO3MOALTy pecypciB B  KOMI'IOTEPHHUX CHCTEMax IIpW HaJlaHHI  XMapHUX
1HGPACTPYKTYPHUX MOCITYT. 30KpeMa, JOCTIKEeHI Ha IMITalliiHIA MOJEN METOau
MPOTHO3YBaHHS 3alMTIB HAa PECYpCHM HA OCHOBI TECTy Ha MOCHTINIOBHICTH Cepii Ta
aIanTHBHOTO PO3MOAUTY XMapHUX pecypciB. Takok HaBeneHl MNpaKTHYHI

pEeKOMEHalli MO BUKOPUCTAHHIO AaJanTUBHOTO METOJYy PpO3MOAUTY XMapHUX

pecypcis.
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V 6ucnoexax HaBeJleHO OCHOBHI pe3ylIbTaTH HAYKOBOI pOOOTH 11010 BUPIIICHHS
MTOCTABJICHUX HAYKOBUX 3a71a4 TOCIIIKEHHS.
3a pe3ynbTaTamMu JAOCIIIKEHHS OTPUMaHO TaKl HAyKOBI pe3yJIbTaTHU:

1) oTpuMaB TOJANBIIMIA PO3BUTOK METOJ 0a30BOr0 BUAUICHHS pECypcCiB
XMapHOTO CEpEIOBHINA KOPUCTYBATY, OPIEHTOBAaHOMY Ha MoJieib «IHdpacTpykTypa y
AKOCT1 CEpBICY», IUIAXOM TONEPEIHBOI JEKOMMO3MIII MHOXHHU JOCTYIHUX
pEeCypCiB Ha 30HM 3a JOTIOMOTOI0 BBEJCHHS HEPIBHOMIPHHMX IIKaJ Ta BUKOPUCTAHHS
METOAYy aHajizy lepapxiif, 110 J03BOJIAE TIABUIIUTH pPIBEHb OallaHCYBaHHS
3aBaHTKCHHS XMapHUX PECypPCiB;

2) BHepIe po3po0CHO METOJ MPEBEHTUBHOIO (POPMYBAHHS Yepr 3aluTiB Ha
BIpTyallbHi MAaIllMHM XMapHOTO CEpPEAOBHMINA TIPH BHKOPUCTAaHHI TEXHOJIOTII,
opieHTOBaHOT Ha Mojenb «lHPpacTpykTypa y SKOCTi cepBicy», SKUH BpaxoBYe
pe3ybTaTh aHali3y MOIMEpPEeHIX JaHuX Ta 0a3yeTbcs HAa Mojeli 0araToIiibOBOIO
pPO3MOJIUTY XMapHUX PECYpCiB, IO JO3BOJIE€ 3aBYACHO MPOBECTH IMPOTHO3YBaHHS
3aBAaHTaYXEHOCT1 (PI3MYHHMX MPUCTPOIB XMAPHOT'O CEPEJOBHINA Ta 3aMOOIrTH BTpaTaM
00YHCITIOBATIBLHOTO PECYPCY;

3) YIOCKOHAJICHO METOJl aJalnTHBHOTO PO3MOAULY PECypCiB  XMapHOTO
CepelIOBUINA, SKWUW BIAPIZHIAETHCA BiJl BIIOMHUX BHKOPHUCTAHHSM TECTyBaHHS Ha
MOCJIIIOBHICTh Cepii, MaTeMaTHYHOrO amapaTy YIOCKOHAJEHOTO T€HETUYHOTO
anroputMy NSGA-II Ta pe3ynbpraramu mporHO3y 3alUTiB HA BIpTyajabHI MAIIMHH, 110
J03BOJISIE  TIABUIIUTH €(PEKTUBHICTh BUKOPUCTAHHSA XMAapHUX OOUYMCIIOBAIIBHUX
pPECYpCIB 3a paxyHOK peasizallii amaHcy MK pecypcaMH IEHTPaIbHOTO Mpolecopa
Ta OMEPAaTMBHOI MaM'siTi Ta 3MEHIICHHS 3aTPUMKH B OOCIYrOBYBaHHI XMapHHUX
pecypcis.

Ilpakmuune 3HaAYeHHA OMPUMAHUX pe3ybmamie TONSIrae B TOMY, IO
po3pobiieHi y poOOTI METOAM € HAyKOBO-TIPAKTHYHOK) OCHOBOIO JUIS ITOJAJIBIIIOTO
VIOCKOHAJIEHHSI ~ XMapHOTO  CEpPeJOBHINA, TPH  BUKOPUCTaHHI  TEXHOJIOTII,
opieHTOBaHO1 Ha Mojenb «lHppacTpykTypa y sikocTi cepBicy». lIpencrasneni Ha ix

OCHOBI 1HKEHEPH1 METOJIA Ta aJITOPUTMHU TAIOTh 3MOTY:
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— IPOBECTH  KOPOTKOYACHE  NPOrHO3YBaHHS  MOXJIMBUX  3alUTIB  Ha
O0OYHUCIIOBAJIbHI PECYPCH XMAapHOI'O CEPEJOBHINA IMPU BUKOPUCTAHHI TEXHOJOTII,
OpiEHTOBaHO1 Ha MoJeNb «IH(pacTpyKTypa y SIKOCT1 CepBicy»;

— chopMyBaTH MOKJIMBI YEpPrd 3alUTIB Ha HAWOUIBII BUTpPATHUN 3a 4acoOM
(opMyBaHHA XMapHUN pecypc — BIpTyaldbHI MAllMHU, 3 BIAXWICHHSIM BiJl peaJlbHUX
3anuTiB He Outbiie 15%;

— MIBUIIMTH piBeHb OajlaHCYBaHHS 3aBaHTaXEHHS OOUMCITIOBAIBHUX PECYPCIB
XMapHOT'O CEpeoBUIIAa MPU BUKOPUCTAHHI TEXHOJIOT1i, OpIEHTOBAHOI HAa MOJEIb
«IH(pacTpykTypa y SIKOCTI CEpBICY», 32 MOKAa3HHUKOM CEpPEIHBOT0 KBAJAPATUYHOTO
BiAXMIIEHHS 110 8%0;

— 3MEHILUTHU 3aTPUMKY B 00CIIyTOBYBaHHI 00UHCIIIOBAIBLHUX pecypciB 10 5%.

3a pesyiapTaTamMu JOCIIHKEHHS MIATBEPXKEHO MPAKTUYHY Ta TEOPETHUUHY
I[IHHICTh ~ PO3POOJICHUX METOJIB, HAJaHO TMPaKTUYHI PEKOMEHJallll, MI0J0
3aCTOCYBaHHSI PO3POOJEHUX METOJIB Ta PO3TISHYTO MEPCHEKTHBU IX MOJATBIIOTO
PO3BUTKY.

Knwouosi cnosa: KoOMIT'IOTEpHAa CHUCTEMa, XMapHI OOYMCIEHHS, PO3MOLT
pecypciB, OaraTompollecopHa CHUCTEMa, CHUCTEMa MIIATPUMKH MPUUHSTTS PIlICHb,
iHQOKOMYHIKaIliiiHA Mepexa, HEHpPOHHAa Mepeka, METOJ aHaji3y lepapxXii,
OamancyBaHHs, OydepHa mam’sTh, TECTYBaHHS, CYMICHICTh, TpaH3aKIid,

00YHCITIOBATLHUN BY301I.
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ABSTRACT

Inna Petrovska. Methods of resource allocation in computer systems when
providing cloud infrastructure services. Qualifying scientific work on manuscript
rights.

Dissertation for obtaining a scientific doctor of philosophy (PhD) in specialty
123 - Computer engineering. - National Technical Institute "Kharkiv Polytechnic
Institute”, Ukraine, Kharkiv, 2023.

The dissertation is devoted to solving the current scientific problem of
developing methods of resource allocation in a cloud computing environment to
increase the efficiency of their use and minimize costs when using technology based
on the "Infrastructure as a service" model.

The object of research is the process of resource allocation in a cloud
computing environment using technology based on the "Infrastructure as a service"
model.

The subject of research is methods of resource allocation in computer systems,
the infrastructure of which is contained in a cloud computing environment.

The aim of the dissertation work is to increase the efficiency of cloud
computing resources when using technology based on the "Infrastructure as a
service" model by developing methods of resource distribution among cloud users.

The introduction substantiates the relevance of the distribution of resources in
the cloud computing environment, presents the connection of the work with scientific
programs, plans and topics, provides scientific novelty, presents the practical
significance of the obtained results, provides information on the personal contribution
of the recipient, presents a list of publications on the topic of the dissertation.

In the first chapter, an analysis of resource allocation methods in cloud
computing environments is carried out. In particular, the Peculiarities of cloud
computing systems and the distribution of resources in them are considered. Existing
static and dynamic methods of resource allocation in virtual environments are

analyzed. A comparative analysis of approaches to resource allocation in a cloud
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computing environment with different service models was carried out. Based on the

analysis, the research objectives were formulated.

In the second chapter, the main attention is paid to the task of basic resource
allocation of the cloud environment with the service model "Infrastructure as a
service". To solve it, the decomposition of the cloud computing environment, the
justified choice of the method for the basic allocation of cloud resources, and the
proposed method of the basic allocation of resources of the cloud environment to the
user, oriented on the laaS model, were made. An example of a basic virtual host load
using the proposed method is also provided.

In the third section, consideration of the stages of the method of adaptive
distribution of cloud resources when using the service model "Infrastructure as a
service" is proposed. In particular, a generalization of the requirements for the
method of cloud resource distribution when using the service model "Infrastructure as
a service" was carried out and the structure of the method of adaptive distribution of
cloud resources was proposed. Within the framework of this structure, the method of
adaptive forecasting based on the series sequence test, the method of preventive
formation of queues of requests for virtual machines of the cloud computing
environment and the model of multi-purpose distribution of resources were
developed, which made it possible to implement the adaptive distribution of cloud
resources in the case of using the service model "Infrastructure as a service" .

In the fourth chapter, studies of the proposed methods of resource allocation in
computer systems for the provision of cloud infrastructure services are carried out. In
particular, the methods of forecasting requests for resources based on the series
sequence test and adaptive distribution of cloud resources were studied on a
simulation model. Practical recommendations for using the adaptive method of cloud
resource allocation are also given.

In the conclusions, the main results of the scientific work regarding the
solution of the set scientific problems of the research are presented.

According to the results of the research, the following scientific results were

obtained:
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1) the method of basic resource allocation of the cloud computing environment

to the user oriented to the "Infrastructure as a service™ model was further developed
by preliminary decomposition of the set of available resources into zones using the
introduction of uneven scales and the use of the method of analysis of hierarchies,
which allows to increase the level of load balancing of cloud resources ;

2) for the first time, a method of preventive formation of queues of requests for
virtual machines of the cloud computing environment was developed using
technology oriented to the “Infrastructure as a service" model, which takes into
account the results of the analysis of previous data and is based on a model of multi-
purpose distribution of cloud resources, which allows for early forecasting of the load
of physical cloud environment devices and prevent loss of computing resources;

3) the method of adaptive distribution of resources of the cloud computing
environment has been improved, which differs from the known ones by the use of
series sequence testing, the mathematical apparatus of the improved genetic
algorithm NSGA-II and the results of the forecast of requests for virtual machines,
which allows to increase the efficiency of the use of cloud computing resources due
to the implementation of a balance between resources of the central processor and
RAM and reducing the delay in servicing cloud resources.

The practical significance of the obtained results is that the methods developed
in the work are a scientific and practical basis for the further improvement of the
cloud computing environment, when using technology focused on the "Infrastructure
as a service" model. The engineering methods and algorithms presented on their basis
enable:

- carry out short-term forecasting of possible requests for computing resources
of the cloud environment when using technology focused on the "Infrastructure as a
service" model;

- form possible queues of requests for the most time-consuming cloud resource

- virtual machines, with a deviation from real requests of no more than 15%;
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- increase the level of load balancing of computing resources of the cloud

environment when using technology focused on the “Infrastructure as a service"
model, based on the average squared deviation of up to 8%;

- reduce the delay in servicing computing resources to 5%.

Based on the results of the study, the practical and theoretical value of the
developed methods was confirmed, practical recommendations were given regarding
the application of the developed methods, and the prospects for their further
development were considered.

Keywords: computer system, cloud computing, resource allocation,
multiprocessor system, decision support system, information communication
network, neural network, hierarchical analysis method, balancing, buffer memory,

testing, interoperability, transaction, computing node.
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