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METOJ YIIPABJIIHHA PECYPCAMU Y XMAPHUX CEPEJOBHUIIIAX

Ko6umiok A. I'. MeToa ynpasJjiiHHs pecypcaMH y XMAapHHX cepeOBHIIAX. Y CTaTTi NPEJICTaBICHO KOMIUICKCHHUN
METOJ] aJaNTUBHOIO YIPABIiHHSA OOYMCIIOBATGHIMH PECypcaMH Yy XMAapHHUX CEpelOBHUINAX, CIPSMOBAHMN Ha ITiABUINCHHSI
e(eKTUBHOCTI BUKOPHUCTAHHS iH(YPACTPYKTYp 3a YMOB JUHAMIYHOTO Ta PECYPCOEMHOTO HABAaHTAKCHHSL. 3aIIPOIIOHOBAHHHN TiIXi
MOETHYE MEXaHI3MH TiOpHAHOTO MPOTHO3YBAHHS YAaCOBUX PSIIB i3 BUKOPHCTaHHSIM Mozenel rimboxoro HasdaHHA (LSTM),
cratucTHaHUX MeToniB (ARIMA, Prophet) Ta GararokpurepianpHOi onTuMizarii nmpomecy mMacmraOyBaHHS 1 PO3HNOALTY 3amad.
OcobmuBa yBara npuainena SLA-opienToBaHii kimacudikariii 3amuTiB, o J03BOJISIE BPAXOBYBATH NPIOPHTETHICT, KPUTHIHICTD
JI0 3aTPHMOK Ta OOYMCIIOBANBHY IHTEHCHBHICTH 3aj]ad, IiABHIIYIOUM PIBEHb rapaHTii SKOCTi oOciyroByBaHHS. Po3pobieHa
apxiTeKTypa METOLy Ma€ MOLYJIbHY ITOOYOBY Ta Iepedadac iHTerpamnito MpOrH03HOr0 KOMIOHEHTa, KOHTEKCTHO-OP1€HTOBAHOTO
IUTAaHYBAJIbHUKA 1 MEXaHI3My aJalTUBHOrO OaJlaHCYBaHHS HABAaHTAXEHHS, IO (YHKLIOHye y peansHoMy 4aci. OcobnuBicTio €
BUKOPHCTAHHS TUHAMIYHOTO BHOOpPY MOJEIN NPOTHO3YBAaHHS 3aJEXKHO BiJ XapaKTEPUCTHK HABAHTAXKEHHS, IO 3ade3nedye
MABUIIEHHS] TOYHOCTI OMIHKM MaWOyTHIX pecypcHHX HOTpeO. ANropuTM INpH3HAYeHHS 3a4ad peamizye OaratodakTopHe
pamKyBaHHA OOYNCIIOBAIBHMX BY3JTIB i3 YypaxyBaHHAM 3aTPUMOK, reorpadiqHoi OIMM3BKOCTI, pIBHS 3aBaHTAXXCHHS Ta
€HEProCIIOKUBAHHS, IO CIIPUSIE JOCATHEHHIO KOMIIPOMICY MK IIPOAYKTHBHICTIO i €eKOHOMIUHICTIO. [IpakTHiHe miaTBepmKeHHS
JI€BOCTI METOMYy 3IiMCHEHO NIIAXOM IMiTariifHOrO MonemoBaHHA y Kubernetes-cepemoBuimi 3 BHKOPHCTAHHSM pEaTbHHUX
crieHapiiB 3MIHHOI IHTEHCHBHOCTI 3amuTiB. [IpoBeieHI eKCIEPUMEHTH NPOJAEMOHCTPYBAIH CYTTEBE 3HIDKCHHS CEPEHBOTO Yacy
BIZMOBIfI Ta KiNBbKOCTI MopymreHb SLA mopiBHSHO 3 0a30BHMH PEaKTUBHUMH CTPATETisIMU aBTOCKEHIiHTy. Takok oTpHMaHO
MIOKPAIIEHHS [TOKA3HUKIB PiBHA BHKOPHCTAHHS PECypCiB Ta 3HIKEHHS CyMapHOTO €HEPrOCIOKUBAHHS 32 PAaXyHOK THYYKOTO
BIIKIIIOUCHHS HAUTMIIKOBHX MOTY)KHOCTEH. Pesynmpratm JoOCHiUKEHHS MIATBEPIKYIOTH MOXKIMBICT  3aCTOCYBAHHS
3aIpPOMOHOBAHOTO METOAYy B YMOBAaX BHCOKOAHMHAMIYHOTO TpadiKy, XapaKTepHOTO IS cepBic-opieHToBaHMX Ta edge-cloud
apxiTeKTyp. 3aBISIKH 3aTHOCTI 10 caMOaJanTarlii i riOpuIHOMY MiAXOMy DO HPOTHO3YBAHHS Ta YIIPABIIIHHSA PECypCaMi, METOX
Moxe OyTy e)eKTHBHO BIPOBAPKCHUH y PO3IOAIICH] 00UHNCIIIOBATIBHI CHCTEMH, IO MPAMIOIOTh 13 CyBopuMH SLA-BHMoramu Ta
IiABUICHUMH BHUMOTaMH IO CHEPreTHYHOi e()eKTUBHOCTI. 3 Oy Ha OTPHMaHi pe3yibTaT, 3alpOIOHOBAHE PIMICHHS €
MIEPCIICKTUBHOIO OCHOBOIO JUISl MOAAIBINNX JOCTIIPKEHb 1 MPAKTUYHOTO BHKOPHUCTAHHSA y c(epi XMapHUX TexHoiorii, loT-
iHQpaCTPYKTYp Ta GeaepaTHBHUX OOUNCTIOBAUIFHAX IIATGOPM.

KonrodoBi coBa: xMapHi OOUYMCIECHHS; YIPaBIiHHS pecypcamy; MacIITaOyBaHHS; NPOTHO3HE MOAENIOBaHHS;, SLA;
LSTM; Kubernetes; onTumizaltisi; eHEproCTIOKUBAHHST; CHMYJISIIIS.

Kobyliuk A. A method of resource management in cloud environments. The article presents a comprehensive method
of adaptive management of computing resources in cloud environments, aimed at increasing the efficiency of the use of
infrastructures under conditions of dynamic and resource-intensive load. The proposed approach combines the mechanisms of
hybrid time series forecasting using deep learning models (LSTM), statistical methods (ARIMA, Prophet) and multi-criteria
optimization of the process of scaling and distributing tasks. Particular attention is paid to SLA-oriented classification of requests,
which allows you to take into account the priority, criticality to latency, and computational intensity of tasks, increasing the level
of quality assurance of service. The developed architecture of the method has a modular construction and provides for the
integration of a predictive component, a context-oriented scheduler and a mechanism of adaptive load balancing that operates in
real time. A feature is the use of a dynamic choice of a forecasting model depending on the characteristics of the load, which
provides an increase in the accuracy of estimation of future resource needs. The task assignment algorithm implements multi-factor
ranking of compute nodes based on latency, geographic proximity, load level, and power consumption, which helps to achieve a
compromise between performance and economy. Practical confirmation of the effectiveness of the method was carried out by
simulation modeling in the Kubernetes environment using real scenarios of variable query intensity. The experiments conducted
demonstrated a significant reduction in the average response time and the number of SLA violations compared to basic reactive
autoscaling strategies. Also, there was an improvement in the indicators of the level of resource use and a decrease in total energy
consumption due to the flexible shutdown of excess capacities. The results of the study confirm the possibility of applying the
proposed method in the conditions of highly dynamic traffic characteristic of service-oriented and edge-cloud architectures. Due
to its ability to self-adapt and a hybrid approach to forecasting and resource management, the method can be effectively
implemented in distributed computing systems that work with strict SLA requirements and increased requirements for energy
efficiency. Based on the results obtained, the proposed solution is a promising basis for further research and practical use in the
field of cloud technologies, [oT infrastructures and federated computing platforms.

Keywords: cloud computing; resource management; scaling; predictive modeling; SLA; LSTM; Kubernetes;
Optimization; Power consumption; Simulation.

IHocTanoBka npodaemMu

CrpiMKe 3pocTaHHS 0OCSTIB OOYMCIIOBAIBHOTO HABAHTAKEHHSI, 3yMOBIIEHE PO3BUTKOM CEpBiC-
OpIEHTOBaHUX apXiTEKTYp, cUcTeM [HTepHeTy pedeil Ta MOOLTBHUX 3aCTOCYHKIB, MOTPeOy€e MPUHLIUIIOBO
HOBHX MiJXOMIB O OpraHizamii yImpaBJiHHA pecypcamMH y XMapHHUX cepemoBHIIax. Ha Tii migBUILEHHX
BUMOT JI0 SIKOCTi 00cmyroByBanHs (QoS), rapanTiii piBHs cepicy (SLA) Ta eHepreTHYHOI €)eKTHBHOCTI,
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TpaguLiiHI MeXaHi3MH YIPaBIiHHA YacTO BHUSBIAIOTHCS HENOCTaTHHO THYYKMMH abo 3aHanaTo
iHepuiiHuMu. Lle 3HMXKYye 3maTHICTH iH(PPACTPYKTYp AMHAMIYHO afanTyBaTHCA IO 3MiHHHX YMOB Y
peanbHOMY 4aci, 10 KpUTHYHO ISl CYYacHUX XMapHUX IIATPOPM.

Oco0nuBY aKkTyanbHICTh HAOYyBalOTh METOMIM, 3[aTHI 3MIHCHIOBATH HE JIMINC PEaKTUBHE, a i
BUIIEpEKYBalbHE MacIuTaOyBaHHS PeCypciB Ha OCHOBI aHalli3y MOBENIHKH CHCTEMH B yaci. Y IbOMY
KOHTEKCTI [JOCHiITHHLBKAN 1HTEpEC 30CEepPEeIDKYEThCS Ha IHTErpauii 1HTEJEKTyalbHUX alTOPUTMIB
MPOTHO3YBaHHA, ONTHMI3aLliil Ta Kiacudikalii B e1MHY Kepyrouy MOJelb, 30aTHY 3a0e3MeYnTH ePeKTUBHE
(YHKLIOHYBaHHS XMapHOi iHPPACTPYKTypH B yMOBaX HEBU3HAYCHOCTI Ta 3MiHHOTO HABAaHTAXCHHSI.

[ompu 3Ha4HK# Tporpec y po3podui cTpaTeriii MacmTabyBaHHS XMapHUX pecypciB, OLIBIIICTD
HasBHUX METOJIB 3aJIMIIAIOTHCA a00 HAATO CIPOLICHHMMH, a00 OpiEHTOBaHMMHM Ha BY3bKi KJacH 3alad.
YacTo IrHOPYIOTBCS B3a€MO3B’SI3KM MDK INPOTHO30BAHUMH  XapaKTEPUCTHKaMH HaBaHTaKEHHS,
KPUTHUYHICTIO 3amuTiB 32 SLA, i MOTOYHUM CTaHOM CHCTEMHM, L0 MPHU3BOAWTH 10 HEPalioHaJILHOTO
BUKOPUCTAaHHS OOYMCIIOBAJIbHUX TMOTYXKHOCTeH a0o 3HIKEeHHs piBHSA oOciyroByBaHHa. HasBHi
ABTOCKEHIIHI-IHCTPYMEHTH, K MPaBHUJIO, CIIMPAIOTHCS Ha (iKCOBaHI MOPOroBi 3HaYEHHS a00 O0OMEKeHi
METPHKH, 110 HE J03BOJISIE THYYKO pearyBaTH Ha CKJIaJHi clieHapii HaBaHTa)keHHd, 30KpeMa B edge-cloud
a0 riOpuIHUX apXiTEKTypax.

Binrak mocrae HEOOXigHICTE Y po3po0Li MeToy, SIKMH 3a0e3medyBaTHME 1IUTiCHe, alalTUBHE W
aHATITUYHO OOTPYHTOBAHE YMpPaBIiHHI pecypcamMH, 3 ypaxyBaHHSIM OaraTOBUMIPHOTO KOHTEKCTY,
MPOTHO31B MOBEAIHKH CUCTEMH Ta ONTHMi3aliHHUX KPUTEPIIB SKOCTI.

AHaJii3 0CTaHHIX JOCTI/UKeHb 1 myOmikanin

VY crarti Prathamesh Lahande ta cmiBaBTopiB [1] mpeacraBieHo meron EM-ACO-ARM —
BJJOCKOHAJIEHY BEPCiI0 anropuTMy KoJioHil Mmypax (ACO), opieHTOBaHYy Ha e()EKTHBHUHN PO3MOALI PeCypCiB
y XMapHid iHQpacTpykTypi. Mopaenp BHKOPUCTOBYE MapaieibHy poOoTy ©OaraTb0X KOJOHIN i
OaraTtocTpaTeriydny MyTallilo, MOEJHYIOUH JIOKaJbHUN Ta TI00aJbHUN MOLIYK 13 PEerpeciiiHOI0 OLiHKOIO
akocTi pimenb. Excriepumentu B WorkflowSim i3 50 VM Tta THcsyamu 3amad nokaszanu nepeBary EM-
ACO-ARM Hag ACO, ICA, FCFS, Round Robin i Min-Min 3a BciMa MeTpHKam#u, BKIIOYAIOYH 4Yac,
BapTICTh i BUKOPUCTAHHS pecypciB. MeTo BUSBUB BHCOKY CTiHKICTh J0 3MiH HAaBaHTAXEHHS 3aBISKH
aJlaTUBHOMY BHOOPY Mypax i KOHTPOIIIO TIOIIYKY.

B pamkax naykoBoi poGotu Spyridon Chouliaras i Stelios Sotiriadis [2] 3amponoHoBaHO
(GpeliMBOpPK UI1 aJaNTHBHOTO MacIITa0yBaHHS pECypciB y Xmapi, 3aCHOBaHUM Ha TPHHIUIIAX
ABTOHOMHOTO ympaBimiHHA Ta self-* BmactuBocteli. Mopaens peanizye YOTHUPHUIIAPOBY apXiTEKTypy 3
MOJIyJieM MpPOTHO3YBaHHA HaBaHTaKeHHs, skui anHanizye merpukun CPU, mam’ari Ta MepexeBoi
aKTHBHOCTI. PitenHs mopo 3amycky abo 3ynuaku VM npuiiMaroTecst Ha ocHOBI fuzzy logic 3 ananTuBHIM
MOpPOroM cHpanboByBaHHS. (CHCTeMa HABYAEThCS HA ICTOPHUYHHMX JaHUX, KOPHUTYIOUHM TIpaBHiIa
MacmTaOyBaHHs, Ta BKIIOYae KOMIIOHEHT autoscaler engine ans QoS-aware KepyBaHHS BiAIOBIAHO 0
SLA. Peanizanis B CloudSim mnokaszajga moKpalleHHS dacy BiIryKy, BapTocTi KW e(eKTHBHOCTI
BUKOPHUCTaHHS PECYpPCiB MOPIBHSHO 3 TPAAULIHUMH ITiIXOJaMH.

VY nocmimkenni Ryota Hatazawa Ta Deepika Saxena [3] mpeacraBneno monens AENN s
MPOTHO3YBaHHSA HABAaHTAXXCHHS i pe3epByBaHHA pecypciB y XMapHOMYy cepenoBulli. Bona moeanye feed-
forward Helpomepexxy 3 amanTuBHOIO audepeHIianbHo0 eBomonielo (ADE) Ta HaByaeThcs Ha
icropuunnx ganux (Google traces) 3a mokaszHukamu CPU, mam’sti Tomo. OcobnmBicte AENN —
3IaTHICTh 3MIHIOBAaTH CTPYKTYpY # Bard depe3 OararocTpareriyHy MyTalilo, aIanTylO4YHuCh JO KOJIMBaHb
HaBaHTaXeHHs. BinOip 3xificHioetscst 32 RMSE i3 gunamiunum BuOOpoMm crparterii. Excnepumentu
nosenu mepeBary AENN nHax SVM 1 3BOpPOTHMM TMOUIMPEHHSM IMOMWIKH SK 32 TOYHICTIO, TaK i
CTablIBHICTIO, 0COOIMBO B YMOBaX 3MiHHOT'O CEPE/IOBHIIA 1aTa-IICHTPIB.

Hocnimxennss Amani K. Samha [4] 3ocepemkene Ha ynpaBiiHHI pecypcamul y ¢enepaTHBHOMY
XMapHOMYy cepemoBHIi laaS 3 akumeHTOM Ha BipTyamizaulilo, Mmirpauito VM 1 KoHcomipamito ams
MiABHIICHHS! €(DEeKTUBHOCTI. 3ampOoNOHOBaHA apXiTeKTypa BKJIOYAE JOBIPUYMX MEHEIKEpiB, OpOKepiB,
KOPHUCTYBauiB 1 penmyTauiiiHi MmexaHi3mMu. [HHOBaIi€lo € knacudikoBaHe MpodiIoBaHHI KOPUCTYBAUiB, 1110
JI03BOJISIE aIaITUBHO HAJlaBaTH NOCIYTH. ParmKyBaHHs mpoBaiiiepiB BinOyBaeThes 3a Service Measurement
Index i3 3amyuenHsM rimbokoro Q-HaBuaHHA. MexaHi3Mu A0Bipu Oa3yroThcs Ha pemyTaimii Ta SLA, a
anroput™M bankipa 3a0e3mneuye Oe3meuHuil po3mofin pecypciB. Takok OMMCaHO areHTOOPIEHTOBaHY
B3a€MOJII0 MK yYaCHUKAMH CHCTEMH Ta OapTepHi Mozesi 0e3 TpOLIOBUX TPaH3aKIiH i3 3aCTOCYBaHHAM
HeHpoMepex Ui OLIHKHU JTOBipH.

Y nmocmimkenHni Gongalo Marques, Carlos Senna Ta Ricardo Matos [5] 3amporoHoBaHO
apXiTEeKTypy MPOAKTUBHOT'O YIPaBIiHHs pecypcaMu B XMapHuX MikpocepBicax VANET 3 BukopuctaHHsIM
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MAIIMHHOTO HaBYaHHS JAJsl TMPOTHO3YBaHHS HaBaHTAKEHb 1 AMHAMiuHOro MmacmraOyBaHHs. Cucrema
0azyeTbcsi Ha MoAyisix MoHiTopuHry (Prometheus), anamizy Tpadiky Ta KepyBaHHS KiacTepamH y
Kubemetes. 3aBasku BiakputuM (¢QpeliMBOpKaM 1 MATPUMII TOPH30HTAJIBHOTO MacIiTaOyBaHHS
3a0e3MeuyeThCs aJanTUBHE PO3TOpTaHHs cepBiciB. [[porHo3yBaHHs MIKOBUX HABAHTAXKEHb IPYHTYETHCS Ha
CTaTHCTUYHUX Ta TIIMOOKUX MOJEIISAX, IO MiABHUINY€E TOYHICTh BUILJICHHS PeCypciB 1 3HIKYE BTpatn QoS.
[opiBHSHO 3 TpaIULIHHUMH aBTOCKEHIEpaMH, apXiTeKTypa JEMOHCTPY€E BHILY MPOAYKTHBHICTH 3aBISKU
PaHHBOMY ITPOTHO3YBAaHHIO Ta IHAMBILyami3alii Moaenell 11 KOKHOTO CepBicy.

VY pobGoti Ferran Agulld Ta koxer [6] 3amponoHOBaHO IHTETPOBaHY CHCTEMY YIpPaBIiHHS
pecypcamu B cloud—edge cepenoBumii, mo noeanye Deep Reinforcement Learning i3 GaraTtopiBHEBUM
TUTaHYBaHHIM MIKpPOCEPBICiB. ApXiTEKTypa BpaxoBYy€e reTepOreHHICTh BY3JIiB, 3aTPUMKH Ta KOPUCTYBAIbKI
npedepeH1ii, a IMHaMiYHa MOJIENb aJanTHBHOTO IUIaHYBaHH J03BOJISIE MiHIMI3yBaTH Yac OYiKyBaHHs IPH
KOHTpomi ButpaT. Bukopucranus LSTM-mepexx 1 MexaHi3MiB yBarm 3a0esnedye BpaxyBaHHS
JOBIOCTPOKOBHUX 3aJIKHOCTEH HaBaHTAXKCHHS. Y MOPIBHAHHI 3 KIIACHYHUMH aBTOCKEHIIepaMH, cucTeMa
JEMOHCTpPYE BUILY CTaOLIBHICTD 1 TOYHICTH IJTAHYBAaHHS B YMOBaX 3MiHHOTO Tpadiky.

Christoforos Vardakis 3i criiBaBTOpamu [ 7] 3amporoHyBay CTpaTeTio po3MoIiy pecypciB y edge-
XMapHHX CHUCTEMax, SIKa MOEAHY€E MepekeBUH slicing 3 IMHAMIYHUM ayKIioHOM Ha 0a3i MoaudikoBaHOTO
VCG-MexaHi3My. ApXiTEeKTypa BpaxoBye OOYHMCIIOBAJIbHI, MEpEKeBI W CHEPreTH4YHi BUMOTU Ta
aJIanTyeThCsl 710 3MiH MOMMTY 4Yepe3 3BOPOTHHH 3B’s130K. MogaemoBanHa y cepenosuini EdgeCloudSim
MOKa3aJio TMepeBary IbOoro MiAXOAy Hal TPaAWLiHHUMU — 32 4YacOM BiATYKY, IPOIMYCKHOIO 3[aTHICTIO U
e(eKTUBHICTIO BUKOPHCTaHHs pecypciB. Takoxk 3abe3medeHo OanaHC iHTEpeCiB KOPHCTYBayiB depes
BIIPOBA)KCHHS 1HACKCIB CIIPaBEITUBOCTI.

Mateusz Smendowski i Piotr Nawrocki [8] mpeacraBuin mpoakTUBHY CHCTEMY YIIPaBIiHHS
XMapHHUMH pecypcamH, siKa MOoeTHyE MOJIeNi MporHo3yBaHHsa HaBaHTaxxeHHsI (ARIMA, Prophet, LSTM) 3i
3BaKCHOI0 METPHUKOIO €(eKTHBHOCTI. 3aBISIKM aBTOCHKOAEpaM 1 KiacTepusalii cucTeMa TUHAMIYHO
aIanTyeTbCsl JO TUIY YacOBUX PsAAiIB, OOMparOud ONTUMAJbHUN ajiropuUTM MPOrHo3yBaHHsS. OHIaiiH-
Baminamis 32 RMSE i MAE 3amo6irae HepalioHaTbHOMY BUJIUICHHIO pecypciB. Peanizaris B Kubernetes 3
Prometheus i Grafana 3a0e3neuye rHy4kuii KOHTpoib, a Tectn Ha Google Cluster Data miarBepaumu
MiABUIICHHS €(EeKTUBHOCTI 1 3HIKEHHS Yacy BiIOBii.

Yuhuai Peng i koneru [9] po3pobuim MexaHi3M TUHAMIYHOTO MacIITaOyBaHHS Ta OaJaHCyBaHHS
HaBaHTA)XEHHs B XMapHO-Tiepu]epiifHOMY cepeoBHILi 3 BUCOKOIO MIHIMBICTIO 3alUTiB, 30kpema B [oT-
cueHapisx. Apxitektypa Bkimouae GRU-Hefipomepeky I NMPOrHO3yBaHHS HAaBaHTaKEHHSA, MOIYJb
crocTepexkeHHss Ta cuctemy Deep Q-learning s posnominy 3aBaaHb. 3ampolOHOBAHO TiOpHIHY
koopauHanito Mix edge i cloud Ha ocHOBi softmax-(yHKii KOPUCHOCTI Ta aJanTHUBHE MEPEHECEHHS
KOHTEHHepiB Mix By3namu. Mozens npotectoBano B FogTorch, e BoHa moka3zana 3MeHIIEHHS 3aTPUMKH
Ha 28% 1 3pocTaHHsI MPOIYCKHOI 34aTHOCTI Ha 17% MOpiBHIHO 3 6a30BUMH MiJXOJAMH.

Cristian Augusto 3i cmiBaBropamu [10] 3anpomoHyBaiy miaxix A0 po3MOAUTY pecypciB y XMapHO-
nepudepiitHOMy CepeIoBHINI 3 BHKOPHUCTAHHSAM TIIHOOKOTO MiAKpirumoBanbHOro HapuaHHS (DRL) i
ouHamiuHOro MackyBaHHs. Cucrema OasyeTbcss Ha TpadoBux HelpoHHHX Mepexax (GNN), sxi
alanTyloTbca 1O 3MiH Mepexi, Ta no3Boisie areHTy DRL obupatm pmomyctumi aii, yHHKao4H
nepeBaHTaXeHHs. Pe3ynbTaTH MOJENIOBaHHA Ha peallbHUX JaHWX [OKa3ajid IIepeBary METOdy Haj
Proximal Policy Optimization Ta Heuristic Scheduling 3a uacom BHKOHaHHS 3aBAaHb,
eHeproe(eKTUBHICTIO Ta OaaHCyBaHHSM HaBaHTAKCHHSI.

Yang Wang ta xoneru [11] 3anmpononyBanu TriOpuaHAHN migXig 40 eHeProeeKTUBHOTO PO3IMOALTY
pecypciB y xmapi, mo noeanye L3F-MGA (tpupiBaeBuit Hewitkuii anroput™m) i E-ANFIS (mokpameny
HEeHpo-HeuiTKy cuctemy). PimieHHs mpuiimMaroTbess Ha piBHAX iH(GpacTpykTypu, miardopmu U 113, 3
ypaxyBaHHSIM €HEPTrOCIIOKMBaHHs, HaBaHTakeHHA i mpioputeTiB. E-ANFIS amantye npaBuia posnonity
Ha OCHOBI IMMOTOYHHX yMOB i momepeaHboro mgocBimy. Cumynsmii B CloudSim mokasanu 3HUKEHHS
SHeprocroKuBanHsa Ha 27% 1 mokpamieHHs SLA Ta BUKOPHCTaHHS PECypCiB MOPIBHAHO 3 KIACHYHUMH
MAXOTaMU.

Safa Rabaaoui, Héla Hachicha ta Ezzeddine Zagrouba [12] npeacraBunu cuctemy PowerGen s
MOHITOPHHTY PECYpCIB 1 MPOTHO3YBAaHHS E€HEPrOCHOXHMBAaHHSI B XMapHO-TIEpU(EepiiHOMY CepeOBHILI.
Bona 36upae merpuku CPU, RAM, nuckiB i I/O y peanbHOMy 9aci 3a JOMOMOTOI0 KOHTEHHEPU30BaHUX
cepgiciB i Apache Kafka. OCHOBHOO iHHOBAITI€F0 € MOIYJIb TeHEpaIlii HABYAbHUX JaHUX JJIs1 IPOTHO3HUX
Mozeneil. TecTyBaHHS B TeTepOreHHOMY CEpEeIOBHILI TOKA3aI0 TOYHICTh IPOTHO3YyBaHHs oHax 95%, mo
niaTBepKye npuaatHicts PowerGen asst onTuMizanii pecypciB 1 eHeproe()eKTHBHOTO TIaHyBaHHS.
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Huanhuan Li ta xomeru [13] 3anpornoHyBany aganTHBHUN ajJrOpUTM PO3MOAITY PecypciB Ui
MOOUTBHOTO XMapHOTO 3B’s3Ky B 5G TpaHCHOPTHUX Mepexax. ApXiTeKTypa BpaxoBYe€ OJHO- Ta
OaratocTpuOKOBI peXuMH, TUI KoMyHikauiii (in-band/out-of-band), mpomyckHy 3matHICTH 1 Tpadik.
Agnoxkanis pecypciB 6azyerscs Ha ¢opmyini LllenHoHa Ta winboBid (yHKUIT, OO0 MiHIMI3y€e 3aTpUMKU U
nigBuilye eeKkTUBHICTH crekTpy. CHcTeMa OXOIUTIOE CEHCOPHHH, MEPEKEBHH 1 MPUKIaJHUNA DiBHI.
ExcnepumenTn 3acBimumin 10 99% BUKOpPHCTaHHS KaHANIB, afanTamio 3a <2 ¢ i 0ajaHc HaBaHTaKEHHS,
IO MiAXOAUTDH IS iHTENEeKTYyaJIbHOTO TPAHCIOPTY.

AHani3 cyyacHHX MiXOIIB A0 YIPaBIiHHSA PecypcaMu B XMapHUX CEpeAOBHUILAX JICMOHCTPYE
BHUCOKHH pIBEHb IWHAMIKH y PO3BUTKY METOIB NMPOTHO3YBaHHs, aBTOIIKATYBaHHS, 1HTEJICKTYaJIbHOTO
po3noniTy i ONTHMi3alii BAKOPUCTaHHS OOYMCIIOBAILHUX MOTYKHOCTEH. PI3HOMaHITTS 3aIIponoHOBaHUX
pilleHb — BiJ EBOMIOUIHHUX aJTOPUTMIB 1 aHcamOIEeBUX MOJIENIeH NMPOTHO3YyBaHHS /O CTpaTerid 3
BUKOPUCTAHHSIM MAIIMHHOTO HAaBYaHHA Ta AayKUIOHHUX MEXaHI3MiB — CBIZYHTH MPO 3pOCTAIUy
CKJIQJIHICTh BUMOT JI0 XMApHUX CHCTEM 1 HEOOXiHICTh THYYKHX aJanTUBHUX miaxoxiB. lle migkpecmtoe
aKTYaJIbHICTh OOpaHOTO HampsMy JOCHI[KEHHs, CIPSIMOBAaHOTO Ha PO3POOKY e(pEeKTHMBHOTO METOIY
VIpaBIiHHS pecypcaMu, 3JaTHOTO BPaxOBYBAaTH Cy4YacHi BUKIMKH MacIITa0OBaHOCTI, BAPTOCTI Ta SKOCTI
00CITyrOByBaHHSI.

Mera i 3aB1aHHS A0CTiAKEeHHS

Mertoto nocnimkeHHs € opMyBaHHS e(EKTUBHOTO MiIX0AY A0 YIPaBIiHHS pecypcaMi y XMapHHUX
OOYHCIIOBAJIBHUX ~CEpelIOBHILIAX, SKHH 3a0e3medye JOuUHaMiuHe MaciitaOyBaHHS, 30anaHcoBaHe
BUKOPHUCTaHHS O0YMCITIOBAJIBHUX TOTYXHOCTEH 1 BUCOKY SIKICTb OOCTYTOBYBaHHS 3aBISIKH aJallTHBHOMY
MPUAHATTIO PillIeHb Ha OCHOBI aHaJi3y HaBaHTAXKCHHS.

3aBoaHHs AOCIIIKESHHS:

1. IlpoBectn aHami3 cydyaCHMX METOZIB YHPABIiHHS pecypcaMH y XMapHHX Ta XMapHO-
nepudepiliHuX cepeoBHUIIax s BUSBJICHHS IXHIX epeBar i 00MeKeHb.

2. Po3poOutn apXiTeKTypHYy MOJEIb METOAY YINPaBIiHHS pecypcaMu, IO iHTErpye MOy
MPOTHO3YBaHHA HaBaHTaxkeHHS, SLA-opieHTroBanoi kimacuikanii 3amuTiB Ta OaraToKpUTepiaabHOI
onTUMi3anii anokamii pecypcis.

3. PeamizyBatu MexaHi3M riOpuIHOTO MPOTHO3YBaHHS YaCOBUX PSAIB i3 BAKOPUCTAHHSIM MOJeNei
LSTM, ARIMA Ta Prophet Ta oOrpyHTyBaTi KpuTepii BUOOPY Moneneill 3aleKHO Bifl XapaKTEPHCTHK
JaHuX.

4. CdopmyBatu OaratokpuTepiaipHy (YHKLiI0 NMPH3HAYCHHS 3a7ad 3 ypaxyBaHHSIM METPHK
3aTPUMOK, CHEPTOCIIOKUBAHHS, IPIOPUTETHOCTI 3aMUTIB 1 TOMOJIOTIT 00YHCITIOBAIBHOT IHPPACTPYKTYpH.

5. Po3poOutn ajanTUBHHUN IJIaHYBaJBHHK 3a7ad 3 MEXaHi3MOM 3BOPOTHOTO HaBUAHHSA IS
MiHimizanii SLA-nopymieHs i MakcuMizanii epeKTHBHOCTI BUKOPUCTaHHS PECYPCiB.

6. IlpoBectn imirtamiiine wmogemoBanHa y Kubernetes-cepenoBumii Ans  HOPiBHAHHS
3allpPONIOHOBAHOTO METOny 3 0a30BHMHU CTpaTerisiMH aBTOCKEHIIHTY Ta OLIHKM HOro eeKTHBHOCTI 3a
KITIOUOBHMH TTOKa3HUKAMH MIPOJLYKTHBHOCTI Ta EHEPTrOCIIOKUBAHHS.

7. OUiHWUTH NPaKTUYHY NPUAATHICTE 1 MOXKIIUBOCTI MOJANIBIIOTO BIIPOBAKEHHS METOY Y Pi3HUX
CIIEHApIAX XMapHHUX 00YHCIIeHb, BKItoyaroun edge-cloud i federated apxitexTypu.

Bukaan ocHoBHOTO MaTepiaxy

3amponoHOBaHU METOJ YIPaBIiHHSA pecypcaMHl y XMapHUX OOYHCIIOBAJBHUX CEpEIOBHILNAX
IPYHTY€ETHCS HA KOHIENIIT iHTeJIEKTYalIbHOr0 TMHAMIYHOTO MacIuTaOyBaHHS 13 ypaxyBaHHSIM MPOTHO3HOT
aHAJITHUKH, OaraTOKpUTEpialbHOI Kiacu(ikalii 3anuTiB Ta aJanTUBHOTO OallaHCYBaHHS HABaHTaKEHHS [0,
8]. Moro Km04YOBOI OCOGIHMBICTIO € IOEIHAHHS METOIB MANIMHHOIO HABYAHHS, 30KpeMa MOJeleil
TTUOOKOT0 MPOTHO3YBAaHHS Ha OCHOBI PEeKypeHTHUX HeHpoHHHX Mepex (tunmy LSTM) Ta cTaTuCTHYHUX
migxomiB (Takux sik Prophet), 3 mexanizmamu SLA-opieHTOBaHOT OpkecTparlii pecypciB. Meron peanizye
KOHIICTIIIIF0  TONEPeKYBaIbHOrO (proactive) ympaBIiHHSA, MO JO3BOJIAE IependadaTH  IiKOBi
HaBaHTa)KEHHS Ha MiACTaBi aHANI3y YacOBHX PsAiB iCTOpUYHMX MeTpuUK Bukopuctanus CPU, mam’sTi Ta
MEpEeKEBUX PECypciB, 3a0e3Meuyroud NPUHAHATTS pillleHb 100 MaclTadyBaHHSA HE MOCT(AKTyM, a Ha
OCHOBI BIpOTiIHICHOTO ITPOTHO3Y.

VY Mexax peainizalii METOLy 3allUTH KOPUCTYBauiB KIaCH(IKyIOTbCS 32 TUIIOM OOCITYTrOBYBaHHS
BiZMOBIAHO A0 YroJ Mpo piBeHb cepicy (SLA), mo m03Bosie audepeHiroBaTi MOMITHKY MacIuTa0yBaHHS
BIMOBIAHO 1O KPUTHYHOCTI 3aTPUMOK, OOUYMCIIOBANBGHOI 1HTEHCHBHOCTI Ta OYIKYBaHOI TPHBaJIOCTi
BUKOHaHHS. i1 IOTO BIPOBAIKEHO MOAYJb NPIOPUTETHOTO IJIAHYBAaHHS, SKHH, BHKOPHCTOBYIOUH
aJlalTUBHUI MEXaHi3M 3BOPOTHOTO 3B’SI3Ky, BU3HAUAE ONTUMAIIbHY CTPATETiI0 PeCypCcHOro 3a0e3neueHHs
IUI KOXKHOTO KJacy 3afiad 3 ypaxyBaHHSAM MOTOYHOTO CTaHy iH(QPACTPYKTYpH Ta HPOTHO30BAHOTO
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HaBaHTaXeHHs. Cama mpouedypa pO3MILICHHS 3aJady peali3yeTbcsi Ha OCHOBI 0OaraTto)akTOPHOTO
pamKyBaHHs JOCTYIIHHX BY3JiB 3 ypaxyBaHHIM JIATEHTHOCTI, EHEPTETHYHUX BUTPAT, PIBHA 3aBaHTAKCHHS
Ta reorpadiuyHoi OJIM3BKOCTI 10 KiHIIEBUX KOPHUCTYBauiB, MO 3a0e3nedye eeKTHUBHUI KOMIIPOMIC Mix
MPOAYKTHBHICTIO T4 BUTPATAMH.

KnrouoBuM TeXHIYHMM IHHOBAIifHUM €JIEMEHTOM € MeXaHi3M aBTOMaTHYHOTO BHOODPY
ONTHUMAJBbHOT MOJENI IMPOTHO3YBaHHS 3aJeKHO BiJ BJIACTMBOCTEH BXIJHOTO YacoBOTO pSOy, IO
JOCSITAETHCS 3a IOTIOMOTOI0 KilacTepHu3allii clieHapiiB HaBaHTaXEHHS Ta BUKOPHCTaHHS €HKOJIEPiB O3HAK.
Le no3Boisie 3a0€3MEUUTH BUCOKY y3arajJbHIOBAIBHY 3aTHICTH MOJEJi B yMOBaxX AWHAMIYHOT 3MiHHOCTI
XMapHHX CepeloBHII. 3alpONOHOBAaHUN METOJ TaKOX Iependadae 3acTOCYBaHHS MOJENI TUHAMIYHOTO
MacimTaOyBaHHS 3 ypaxyBaHHAM CHEPreTHYHHX OOMEKEHb, IO J03BOJISIE NOCATTH €HEepro30epekeHHs
LUISIXOM TUMYACOBOI JeaKTHBALlil HeaKTyalbHUX PECYPCIB Ta 3HWKEHHSI HAAJIUILIKOBOTO pe3epByBaHHs. B
IIJIOMy, METOJI OpIEHTOBaHWI Ha 3a0e3MEUCHHS CTIMKOCTi, MAacINTabDOBaHOCTI Ta BHCOKOI SIKOCTI
00CITyrOBYBaHHS y BHCOKOHABaHTAXKEHUX PO3MOIUICHUX iHPPAaCTPYKTypax, 110 pOOUTH HOTO peNleBAaHTHIM
70 BUKJIMKIB CyYaCHHX XMapHHX OOYHMCIeHb y KoHTekcTi edge-cloud iHterpamii, inTepHeTy peueil Ta
CEepBIC-OPIEHTOBAHUX APXITEKTYP.

ApXiTeKTypa 3alpoNOHOBAHOTO METOAY YIPAaBIiHHSA pecypcaMH Yy XMapHHX CepeloBHINaX
noOyJoBaHa K IHTETpOBaHa MOAYJbHA CHUCTEMa, fka (YHKLIOHye B pamkax laaS-iHppacTpykTypu Ta
opieHTOoBaHa Ha 3a0e3meyeHHs SLA-Opi€HTOBaHOTO, MPOTHO3HO-KOHTEKCTHOTO 1 €Heproe()eKTHBHOTO
MacmTabyBaHHs pecypciB (IOiOHI apXiTeKTypHi Mojeni 3actocoBytoThes y Chouliaras [2] (4-piBHeBa) i
Marques [5]). Meron 0Oa3yerbcs Ha OaraTopiBHEBOMY aHaji3i JUHAMIKM HaBaHTa)KCHH,
OaraTokpuTepianpHiil Kiacugikamii 3amuTiB Ta MaTeMaTHuYHIM onTuMmizauwii posmomiry pecypciB 3
ypaxyBaHHSM anpiopHUX Ta allOCTEPIOPHUX XapaKTEPUCTUK CHCTEMH.

dopmainbHO, BXiTHUMH JaHUMH I MeToay € MHOkuHA 3a1a4 T = {Ty, Ty, ..., Ty, }, KOKHa 3 SIKHX
omrcyeThest kKopreskem T; = (13, d;, S, p;), ae ri — obuncmoBansHi Bumoru (CPU, RAM), di — rpanndna
3aTpUMKa, S; — OUiKyBaHa TPHUBAJIICTh BUKOHAHHS, p; — IMpiopuTeT 3amuTy 3rigHo SLA. MHoxuHa
JIOCTYITHHX OOYMCITIOBaIbHUX BY3J7iB Bu3Ha4daeTbesi KN = {N;, Ny, ..., Np,}, 1€ KOXKEH By301
XapaKTepU3YEThCs MMOTOUYHUM CTaHOM pecypcy Rj(t) Ha MomeHT yacy t, reorpadiyHuM MoOKeHHAM ;,
eHepreTHuyHUMU napameTtpamiu E; Ta icropiero HaBanTaxeHnHs Hj(t).

Merton nependauae BUKOpUCTaHHS (DyHKILIT MPOTHO3YBaHHS HABAHTaKECHHS:

At +71) = F(H;(¢); 0), (1)

ne F — naBuena mozgens nporuosy (Hanpukiaa, LSTM a6o Prophet), 6 — Bekrop mapamerpis, a
T — TOPU3OHT MporHo3y. Ha migcraBi mporHo3dy OOYMCIIOETHCS OUYiKyBaHE BHKOPHCTAaHHSA PECYpCiB i
IHIIIIOETHCS PIMLICHHS PO MacIITa0yBaHHs, SIKE MPUIMAETHCS HA OCHOBI (DYHKIIT BTpAT: )

L= a-SLAy, +B- Cenergy +vy: Tdelay' ( )
ae SLAyi, — kinbkicTs nopymenb SLA 3a nepiofi, Cenergy — CYKYIIHE €HEPrOCIIOKHBAHHS AKTUBHUX
BY3MiB, Tdday — CEpedHil Yac peakuii cucremu; o, , Y — BaroBi KoegillieHTH 3aJeKHO Bix Oi3Hec-
MPiOPHUTETIB.
[InanyBanpHUK pecypcy QopMami3yeTbesi SIK 3amadya OaraToKpuTepiaqpHOI ONTHMi3alii 3

0OMEKECHHSIMH:
n m
minZinj, 3a YMOBH: inj =1,V x;; € {0,1}, 3)
Xij b 4 .
i=1j=1 J
Iie Xij — OiHapHa 3MiHHA, [0 BU3HAYa€ Mpu3HadeHHs 3anadi T; Ha By3o0nm Nj, a fij — dyHKIisL

BapTOCTI TNpPHU3HAYCHHS, SKAa BPaxoBYE SK 3aTPUMKy Oi, TaKk 1 3aJUIIKOBHHA pecypc Bysna Rj(t).
OyHKIist BapTOCTi HOpPMaTi3y€eThCA SIK:
f =y sy )
L

Je Wi, W2, W3 — HOpPMaJi30BaHi Bar BignoBigHo 10 QoS/pecypcHoi i eHepreTHYHOI HOMITHKH.

Pesynbrati mporHo3y HaAXOASTh OO MOIYJ IUIAaHYBaHHA, SIKUH, BUKOPHCTOBYIOUH KaliOHO-
eBpUCTHYHY cTpaTerito (3a mpukiazom [3, 12]) 3 Softmax-Hopmanizaumiero Ha MHOXHHI fij, BUKOHY€E
aJIOKAIilo 33/1a4 Y pexkuMi oHaiH. OKpiM LbOro, BBeIeHO (DYHKIIiI0 3BOPOTHOTO HAaBYaHHSI — Yy pasi SLA-
MOPYIIEHb CHCTEMa IUHAMIYHO OHOBIIOE Bard wg y (yHKUii Mpu3HAYEHHS, 3MEHIIYIOYH HMOBIpHICTb
MOBTOPEHHS Hee(DeKTUBHOI aJloKallii.

3amponoHOBaHWI METOJ IHTETrpye MallMHHE HaBUaHHSA, ONTUMIi3alliiiHe riaHyBaHHS Ta SLA-
Opi€HTOBaHy aanTalil0 B €JUHY MaTeMaTU4YHO (OpMani3oBaHy apXiTEKTypy, sKa 3a0e3neuye BHCOKHMA
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CTYHiHb CTaOlLIBHOCTI, MacIITa0OBaHOCTI Ta €(EKTUBHOCTI BUKOPUCTAHHS OOUYHCIIOBAIILHUX PECYPCIB Yy
XMapHOMY CEPEIOBHIIII.

Y paMmkax TOCTaHOBKH TillOTE€3W JOCHIJDKCHHS Iepea0davanoch, M0 PO3POOJCHU METOx
aJaNTUBHOTO YNPABIIHHS pecypcaMd y XMapHUX OOUYHCIIOBAIBHUX CEPEAOBHUINAX, SKHH IOEIHYE
MEXaHi3MH MPOTHO3HOTO aHalizy HaBaHTaxeHHs, SLA-opieHToBany kiacugikamilo 3amuTiB i
ONTHMi3aliiHe IUIaHYBaHHS MacIITaOyBaHHSA Ta ajloKalii, 3a0e3meynTs MiABUIIEHHS e(eKTUBHOCTI
(YHKLIOHYBaHHSI XMapHOi iHQPacTPyKTypH MOPIBHIHO 3 TPaAULIHHUMU PEAKTUBHUMH a00 CTAaTUYHUMHU
METOAaMH YIPaBIiHHS. 30KpeMa, O4iKyBaloCs, 110 BUKOPUCTAHHS TiOpUAHOI CUCTEMH MTPOTHO3YBaHHS Ha
OCHOBI MO/IeJIel YaCOBHX PSIIiB O3BOJIMUTE 3MEHILIUTH CEPEIHIN Yyac peakiii CHCTEeMH B yMOBaX JUHAMI4HO
3MIHHOT'O TIONHTY 32 PaxyHOK MOIEpPeaKyBaIbHOTO MacIuTadyBaHHs PECypCiB.

Kpim Toro, rimotetuuHo nepeadadanocs, mio OaraToKpuTepialbHa MOJENb MPU3HAYEHHS 3a/a4,
noOyJoBaHa 3 ypaxyBaHHSAM TapaMeTpiB HABaHTA)KCHHsS, 3aTPUMKH, CHEPrOCIOXKHBAaHHS Ta
MPIOPUTETHOCTI, 3a0€3MEYNUTh ONTUMAJBHINY ajOKallilo 3amuTiB, IO NpU3BEAE A0 IIiABUIICHHS
e(EeKTUBHOCTI ~ BHKOPHUCTaHHS  OOYHMCIIOBAIBHHX  MOTyXHOCTe.  OdikyBajocs  Takoxk, IO
nudepeHuiiioBade ymnpaBiiHHA cepBicaMH BiANOBiIHO A0 iX SLA-KpUTHYHOCTI JO3BOJIUTH CYTTEBO
3HU3UTH YacTOTy MOPYLIEHb YToJ MO AKICTh 0OCIYrOBYBaHHs, 30KpeMa y BHIMaakax oOpoOku latency-
sensitive 3agad. Y KOHTEKCTi €HEPreTUYHUX XapaKTEPUCTHK Mepeadadanocs, Mo 3aCTOCYBaHHS MOIYIIB
aBTOMATUYHOI KOHCOJiJamii HaBaHTa)KEHHS Ta JCaKTUBALlil HEaKTHBHUX BY3JIiB CIPHUITUME 3MEHIICHHIO
3arajlbHOr0 €HEProCIOKUBaHHs CUCTEMH 0€3 BTpaTH NPOIYKTUBHOCTI.

[lepeBipka eQEKTHBHOCTI 3alpONOHOBAHOTO METOJY YIpPaBIiHHA pECcypcaMd y XMapHHX
CepeIOBHINAX 3IHCHIOBANACS IUITXOM IMITAIIIHOTO MOJICIIOBAHHS B CUMYJISAIIITHOMY CEPEIOBHILI, IO
JI03BOJISIE BiATBOPIOBATH MOBEAIHKY XMapHOi iHPACTPYKTYPH 13 3alaHUMHU NTapaMeTpaMy HaBaHTAKECHHS,
TOTIOJIOT1] BY3J1iB Ta cepBicHOro Tpadiky. st peanizalii Moaesi BAKOPUCTOBYBaJach TECTOBA apXiTEKTypa,
noOymoBaHa y cepenoBuini Kubernetes 3 migkimroueHuM cTekoM iHCTpyMeHTIB Prometheus + Grafana ams
300py, 00poOkH Ta Bi3yamizauii METPUK, a TAKOXK 3 BUKOPUCTAHHAM BHYTPILIHIX T€HEpaToOpiB 3alUTiB Ta
HaBaHTa)XEHHSI, IO IMITYIOTh MOBEAIHKY KOPHUCTYBaiB y Pi3HUX YMOBaX.

Ha erami moznenmtoBaHHsA OyJI0 CTBOPEHO HHU3KY CLEHapiiB HaBaHTA)KCHHS, SIKI 3MiHIOBAJIHUCS 3a
piBHEM IHTEHCHUBHOCTI (HHM3bKE, CEPEIHE, MIKOBE), XapaKTepOM 3aIUTiB (KOPOTKOXKHMBYYi/JOBIOTPUBAII,
latency-critical/mon-critical) Ta crymenem ixHboi arperoBaHocTi. ['eHepalisi 3amuTiB 3AiIHCHIOBAJIACH
TICEBIOBHIIAAKOBO 3 YPaxyBaHHAM 3a3/1aJ1eTilb BU3SHAYCHUX PO3MOALNTIB (€KCIIOHEHIIITHOT0, HOPMaJILHOTO,
MyacCOHIBCHKOTO0), 1110 A03BOJISUIO 30epiraTi KEpoBaHiCTh EKCIIEPUMEHTY Ta MMOBTOPIOBAHICTh Pe3yIbTATIB.
Byio peanizoBano MexaHi3M iMiTauii 3MiHHOI iIHTEHCHUBHOCTI 3BEPHEHB Y YaCOBHX BiKHAX, IO J03BOJISIIO
BiTBOPIOBATH TUIIOBI AJISl XMapHHUX CUCTEM CLIEHapii panTOBOTO 3pOCTaHHS HABAHTAKCHHSI.

VY KO’)KHOMY €KCIIEPHMEHTI TIOPiBHIOBAIMCS [[Ba BapiaHTH pOOOTH iHPPACTPYKTYpH: NEepIIni — i3
BUKOPHUCTAaHHSIM 3allPOIIOHOBAHOTO METOY YIPAaBIiHHS, APYTHil — i3 3aCTOCYBaHHSIM 0a30BOI0 MEXaHI3MY
peaktuBHOro MacmrtadyBanHs Kubernetes (Horizontal Pod Autoscaler Ha ocHOBi (hikcoBaHUX TMOPOTiB
CPU). Y pamkax eKCIeprMEHTIB BUMIpIOBAINCS TaKi OCHOBHI METPUKHU: CEpEIHIN Yac BiINOBI/l Ha 3aIuT,
KOe(Ili€eHT BHUKOPUCTAaHHS pecypciB BY3JiB, KIUIBKICTh mopymieHs SLA, 3arambHa KiIBKICTb
AKTHBOBAaHMX//I€aKTUBOBAHUX BY3JiB, @ TAKOK CyMapHE CHEPreTUYHE HABAHTAKEHHS, IO OOYUCITIOBAIOCS
Ha OCHOBI EMIIPUYHUX XapaKTEPUCTHUK CIIOXKHMBAaHHs BipTyalli30BaHUX pecypciB (3TigHO e(eKTUBHHX
miaxoxniB y [1, 4, 11]).

Jis 3a0e3medeHHs penpe3eHTaTUBHOCTI PE3YNIbTaTiB KOXKEH EKCIIEPUMEHT ITPOBOIUBCS B KITBKOX
MOBTOPEHHSAX, MICIA YOr0 3[iHCHIOBAaBCS CTATUCTHUYHMN aHali3 3 BUKOPHUCTAHHSAM CEpelHIX 3Ha4YeHb Ta
JOBipuuXx iHTepBasiB. Takoxk 3AiCHIOBajach MeEpeBipKa TiMOTE3W NP0 CTATHCTHYHY 3HAYYIIICTh
BigMiHHOCTEeH 3a KputTepiem CTblofeHTa AN MapHUX BHOIPOK. Y Mekax KOXKHOTO cleHapilo Oyio
3a(hikcoBaHO CTa0ibHE TepeBa’kaHHs 3alpPONOHOBAHOTO METOAY Haja 0a30BHM Y KIIIOUOBHX METPHKAX:
cepenHiil yac BiAmoBimi 3MeHIIyBaBcs Ha 18-25 %, xinbkicte mopymeHs SLA — Ha moHan 40 %, a
e(eKTHBHICTh BUKOPUCTAaHHS pecypciB 3poctana 10 85-90 % 0e3 KpUTHIHOTO NepeBaHTAKEHHS OKPEMHUX
By3mB. Ha puc. 1 BigoOpakeHO MOPIBHSUIIBHMK aHaji3 TPHOX MiAXOMiB A0 YNPAaBIiHHSA PECypcaMu:
3allPONIOHOBAaHOT'0 METOY, KIITACHYHOTO TOPU30HTANBbHOTO aBTockeiminry (HPA) Ta peaktiuBHOTO migxomy
0e3 macmrabyBanns (FCFS).
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[MopiBHAHHA eheKTUBHOCTI MeToAiB YNpaB/iHHA pecypcamMu
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3Ha4YeHHs NokKa3HuKiIB

Puc. 1. ITopiBHsbHA €pEKTUBHICTH METO/IIB YIPABJIIHHS PECYypcaMy y XMapHOMY CepeIOBHIL
Comparative efficiency of resource management methods in the cloud environment

Orinka 3/1iiICHIOBAIACh 33 YOTHPMaA KIIFOUOBUMHY ITOKA3HUKAMU: CEPEHIN Yac BiJIMOBi/i, BIICOTOK
nopyieHs SLA, piBeHb BHKOpPHCTaHHS OOYHMCIIOBAJIbHHX PECYPCiB Ta YMOBHE EHEPrOCIOKHUBAHHS.
Sk BugHO 3 rpadika, 3aIpONOHOBAHMK METOJ 3a0e3lnedye HAWHWKYMKA 4Yac BiANOBiAl Ta HalMeEHIIY
KUTBKiCTh SLA-TIOpyIIeHb, TPH IHOMY AEMOHCTPYIOUH O1TbII e(eKTUBHE BUKOPUCTAHHS PECYPCIB 1 HIKUE
CHEeProcIIOKUBaHHS MOPIBHSIHO 3 ajbTepHaTHBaMu. lle migTBEpIXye IepeBary METOAY B YMOBax
JUHAMIYHUX HABaHTa)KEHb.

3aBasgKky iHTerpamii MpPOTHO3HOTO KOMIIOHEHTa Ta aJalTHBHOTO IUIAHYBaIbHUKA, METOJ
JEMOHCTPYBaB 3IAaTHICTb A0 TONEpPEIKYBaIbHOIO MaciuTaOyBaHHS, IO JO3BOJSUIO MiHIMi3yBaTu
iHepUiiiHiCTh peakuii cucTeMu Ha 3MiHy HaBaHTakeHHA. OKpiM TOro, AWHAMiuHEe OajaHCyBaHHS 3
ypaxyBaHHSM BapTOCTi aJoOKallii JO3BOJSUIO YHHUKATH HEPIBHOMIPHOTO PO3MOIUTY 3a/ad, XapaKTepHOTO
JUTSL CTATUYHUX a00 JIIHIHHO-YY TJAMBUX MEXaHi3MiB.

OtpumaHi pe3yibTaTH MiATBEpAWIM TPHUIYIIEHHS IIOJO JOUIJIBHOCTI  BHKOPHUCTaHHS
IHTENIeKTYaJIbHUX MEXaHi3MiB KEepyBaHHs pecypcaMmH, HaBiThb y Mexax OOMEXKEHOro MOAEIBHOTO
CepeloBHILA, Ta CBIAYaTh MPO MPAKTHYHY pEasi30BaHICTh i MOTEHLIAN 3allPOIOHOBAHOTO METOIY MAJIS
MOJAIBIIOTO BIIPOBAIKCHHS B IPOMHUCIIOBUX XMapHUX CEPEAOBHUILAX.

BucHOBKH Ta NepPCHEKTHBH TOAAJIBINHAX HAOCTIIKeHb. Po3poOka e(eKTHBHOTO METOTY
VIpaBIiHHS pecypcaM Y XMapHUX CEepelOBHUINaX, MpeAcTaBieHa B AaHiil poOoTi, 3aCBiAdye MOTEHIial
rmubokoi  iHTerpamii  mporHo3Horo — aHamizy, SLA-Opi€eHTOBaHOTO NpPUHHATTA  pillleHb Ta
eHepro3bepirarouoro MacmraOyBaHHS SIK OCHOBM JJISi Cy4YacHHX aJanTUBHUX OOYHCIIIOBAIBHUX
iHQpacTpyKTyp. BaknnBoio XapakTepUCTUKOIO 3alpOIIOHOBAHOTO MiIXOAYy € MOro 3JaTHICTh [0
camoajanTalii B yMoBax Hemepen0adyBaHOi OUHAMIKM 3aluTiB, IO pOOWTH HOro MpUIOATHUM IS
IIUPOKOTO CIEKTpa 3aCTOCyBaHb — BiJl PO3MOAUICHUX CEpBICIB y cdepi OXOPOHH 370POB’S JIO
iH(QPACTPYKTYp KPUTUUHOTO IPU3HAUCHHS B MEXax smart City.

KpiMm Toro, meron BigKpuBa€ MEPCHEKTHBM MJsl MOJANBIIOTO BIOCKOHAIEHHS B HAaIpsMi
PO3LIMPEHHST CEMAaHTHYHOI OOpPOOKM 3amuTiB, BIPOBAIKCHHS KOHTEKCTHO-OOI3HAHMX areHTiB Ta
3aCTOCYBaHHS (PPEHMBOPKIB MMOSCHIOBANBHOTO IITYYHOTO IHTENEKTY Ui MiJBUIIEHHS IPO30pPOCTi
mporeciB  MacmTaOyBaHHS. 3 ypaxyBaHHSIM CTPIMKOTO PO3BHTKY edge-TeXHOJOrii, iHTerparmis
3allPONIOHOBAHOIO PillicHHA 3 NepudepiiHuMU 00UYHNCICHHSIMH MOXXE CTaTh OCHOBOIO JUIA (POPMYyBaHHS
HOBHX apXiTEKTyp XMapHO-Tiepu¢epiiHOro YIMpaBIiHHS pecypcaMu 3 ypaxyBaHHSIM I'€OHNpPOCTOPOBUX Ta
MOOUTEHUX OOMEXEHb.
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