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model of the distributed workload processing system within the ICN as a queuing system (QS) was built. While building the
model, a method of transition from a non-stationary non-ordinary input requests flow to a stationary ordinary flow was
proposed by discretizing the intensity curve of the input workload and using the transition to sets of servers, which made it
possible to significantly simplify calculations with permissible losses of model accuracy. For the discretization of the input
workload arrival rate curve, the use of the quantization by levels was proposed, which made it possible to match the size of the
discretization step with the rate of change of the input workload arrival rate. To determine the quantization step, a method of
calculating threshold values of input workload arrival rate as a function of the number of computing nodes in the system is
proposed. Based on the constructed mathematical model, a method for calculating horizontal scaling patterns is proposed,
which allows determining the optimal number of active computing nodes in the system at each time interval, which is
determined by the rate of the input workload arrival rate change. The methods of determining individual energy consumption
models of computing nodes were analyzed and the expediency of their use in the workload processing process in ICN was
substantiated. The built mathematical model of the system in the form of QS and the considered methods of determining
individual energy consumption models of computing nodes became the basis of a new comprehensive method af energy-
efficient workload processing in computing nodes of distributed data centers. The proposed comprehensive method differs
from known ones in the use of individual models of computing nodes” energy consumption, a combination of the advantages of
horizontal scaling approaches and energy-efficient scheduling, while taking into account dynamic changes in the input workload
arrival rate, which made it possible to increase the energy efficiency of the workload processing without loss of performance
and subject to compliance with system availability requirements. As part of the proposed comprehensive method, the existing
approaches to horizontal scaling of the computer system were improved by using individual models of computer nodes’ energy
consumption and mechanism for predicting dynamic deviations of the input workload arrival rate, which made it possible to
ensure more intensive use of the most energy-efficient equipment and to respond in time to unpredictable changes in the input
workload arrival rate. On the basis of the proposed comprehensive method of energy-efficient workload processing, software
for managing computing resources has been created, which allows increasing the energy efficiency and performance of
distributed workload processing while complying with the requirements for system availability, and can be used to increase the
energy efficiency and performance of workload processing in edge and central cloud within the 5G network architecture. The
effectiveness of the proposed comprehensive method and the software based on it was verified using the methods of laboratory
experiment and simulation modeling. The performance of the proposed comprehensive method in comparison with the known
Backfill and Round Robin approaches in terms of energy efficiency was 9.953% and 26.382%, respectively. The performance gain
was 5.593% and 49.458% respectively. At the same time, the proposed comprehensive method ensures the fulfillment of the
requirements regarding the system availability and gives a gain according to the proposed optimality criterion by 15.722% in
comparison with Backfill and by 88.887% in comparison with Round Robin.
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ariiHo 3 pexomeHgauiaMu MDKHAPOIHOI CHUIKM €JIEKTPO3BA3KY JLO3BOJIMB BU3HAYATH OCHOBHI MOKA3HUKM €(pEKTHBHOCTI
CHCTEMN POBNIOALIEHOTO OGCHYrOBYBaIIIS HABAHTAKEHIS v Citai IKM Ta CEpBEPHOIO KIACTepa sIK OJMHMIL POSNOALICHOrO
neHTpy 06podkn mammx (LUOM) y cknapi IKM 30Kpema: NOKasHWKM €HeproedexkTHBHOCTI Ta MPOAYKTMBHOCTI 0GPOGKH
0G4MCIIOBAIBHOTO HABAHTAKEHHS, 4 TAKOK KOEMILIEHT FOTOBHOCTI CHCTEMH POANIOIIEHOT0 0GCIYTOBYBAaHHS HaBaHTaKeHHS. Ha
OCHOBI 1MX TIOKa3HUKIB CHOPMOBAHO KPUTEPIH OITHMAJILHOCTI (IPOLECY OBC/IYTOBYBaHHS HABAHTAXEHHS B in(opMaiiio-
KOMyHiKauiitHiii Mepexi. 3 MeTol cucremarnsaitii Ta Gopmanizauii npouecy obeiyroBysannsa Hasantaxenss IKM sk of'ekra
JIOCIIUKEHHS TT0GY/0BAHO OHTOJIONIMHY MOJIe/Ih JOC/LKYBAHOI CHCTEMM POSMNOAIIEHOTO OGC/IYFOBYBAHHS HABAHTAKEHHS. 3
METOI0 OTPHMAHHs KUIBKICHOI OMIHKM B3A€MO3BIKIE MUK [OKA3HMKAMM eQeKTHBHOCTI JIOCHI/UKYBAHOTO npouecy Ta
[(UpAMETPAMM, IO HA HUX BILINBAIOTH, NOOYAOBAHO MATEMATMMHY MOETb CHCTEMH DPO3TOIIEHOTO OBCYTOBYBaHHS
HaBAHTAKeHHA y cknazi IKM K cucTemu MacoBoro obeayropysatts (CMO). ¥ npolieci nody0BH MOJIes 3aPONOHOBAHO METONL
HEPEXO/LY Bijl HECTAL[IOHAPHOTO HEOP/IMHAPHOTO BXIHOIO [OTOKY 3afBOK JI0 CTAUIOHAPHOTO OPAMHAPHOIO NOTOKY HUIAXOM
AMCKpeTHsallii KpuBOI IHTEHCMBHOCTI BXIIHOTO HABAHT@XKEHHs Ta 34 IOMOMOrOK MEPEXOy 10 KOMIUIEKTIB CepBepiB, 10
J03BOIMJIO  3HAYHO CMPOCTUTH PO3PAXYHKM MPU  JOMYCTHMMX BTpaTax TOMHOCTI Mozeni. [lna muckperwsauij Kpmsoi
iHTEHCMBHOCTI BXIJIHOTO HABAHTAKEHHS 3ANPONOHOBAHO BUKOPMCTAHHS METOJly KBAHTYBAHHA 33 DIBHSAMM, IO JOIBOINIO
Y3rOANTH BETUYMHY KPOKY AMCKPETH3ALLT PYHKUIT 31 BHAKICTIO 3MIHM IHTEHCUBHOCTI BXIJHOTO HABAHTAKEHH. /114 BUSHAYEHHS
KPOKY KBaHTYBaHHS 3alpONOHOBAHO METOA PO3PAXYHKY FOPOTOBUX BEJMYMH IHTEHCMBHOCTEH BXITHOTO HABAHTAXEHHA AK
yHKUii KiNBKOCTI OGYHCIHIOBAIBHIX By

iB y cuctemi. Ha ocHosi noGyj1oBaHol MaTemMaTHuHOl MOJIEJ 3aNPONOHOBAHO METOJL
PO3PAaXyHKy 1WAGJIOHIB FOPH3OHTAILHOTO MACIiTabGYBaHHA, U0 JIO3BOJISE BU3HAYATH ONTUMANLHY KiJBKICTh AKTUBHMX
obuMCIIoBaNbHUX ByaniB y knactepax [OJ IKM Ha KOKHOMY iHTEepBaji 4yacy, fKMil BM3HAYA€ThCs LWIBMAKICTIO 3MiHM

IHTEHCUBHOCTI BXIAHOTO HaBaHTakeHHS. [TPOaHANIBOBAHO CTIOCOOM BU3HAYEHHS HAMBIAYAILHUX MOJIENeN eHeProCrioXMBAHHS
oBuMCTIoBANbHIX Bysnis posnoainenux IO/ Ta OBIPYHTOBAHO AOUUIBHICTL IX BMKOPMCTAaHHSA y NPOLECi 0GCAYrOBYBaHHS
HaBaHTaxeHHs [KM. [loGyaoBaHY MaTeMaTUyHY MOJETL CHCT

THAMBIYaNbHUX MOJENIEH EHEPrOCHOKMBANIA OBUMCTIOBIILHNX BY3/IIB OKIA/CHO B OCHOBY HOBOTO KOMIUIEKCHOTO METOIY

MUy suraaal CMO Ta posrisHyTI CMoco6M BHU3HAYEHHS

€HEProe)eKTHBHOTO 0GCIYrOBYBakHs HaBaHTAKeHHs B IKM. 3anIpOTOHOBAHMI KOMILIEKCHHUI METO BUIPIBHACTLCS Bl BITOMUX
BUKOPUCTAHHSIM [HAMBIZYAIbHUX MOJIEJIel  CHEPTOCTIOKMBANHS OOYMCIIOBANBHUX BY3/IB, NOEAHAHHAM TMepeBar MiIXOMiB
FOPHBOHTAILHOTO MACIITAGYBAHHS Td €HEProeEKTHBHOTO POBNOJILY 3a/1a4, BPaXyBaHHIM HETlepe/i6adyBaHnX JMHAMIYHIX 3MiH
IHTEHCMBHOCTI  BXIAHOTO HABAHTAKEHHSA, U0 J03BOJMIO MIBMUINTH  E€HEPrOEEKTMBHICTL Mpolecy OGCIyroByBaHHs
HABAHTAXKEHHA §e3 BTPaTH MPOAYKTUBHOCTI Ta 33 VMOBM JOTPUMAHHA BUMOT MO0 AOCTYMHOCTI CHCTeMHM. B pamkax
34MPONOHOBAHOTO  KOMIUIEKCHOTO ~METOJlY  Y/IOCKOHANICHO iCHYIOYI MiIXOJM [IOJI0 FOPUSOHTANILHOTO MACIITabyBaHHs
OBYMCIIOBAILHOT CUCTEMM LISIXOM BUKOPUCTAHHS IHAMBIAYAIbHAX MOJENIEH EHEProCOKUBAHHS OOUNCTIOBANBHUX BY3B Ta
3aCTOCYBAHHS MEXaHI3My MPOTHO3YBAHHS JMHAMIMHMX BUIXWICHb BXUIHOTO HABAHTAKCHHS, WO JOBBOIMIO 3aBEANENHTH
IHTEHCHBHINIE BUKOPUCTAHHS HAMGUIbII €HEProeEKTUBHONO OOJIA/IHANHS Ta BYACHO pearysati Ha Henepejbadysani sminn
iHTEHCMBHOCTI  BXIIHOFO HABAaHTAXEHH4. Ha OCHOBI 34MpONOHOBAHOrO KOMIUIEKCHOTO METOJY EeHEeproeeKTMBHOro
0BC/YrOBYBAHHS HABAHTAXKEHHS CTBOPEHO Mporpamue 3abeanedents (I13) kepypanHs oGuucmoBaIbHUMU pecypcamu B IKM, ke
JLO3ROJISE nlunmﬁum eHeproedeKTHBHICTh Ta MPOAYKTHBHICTL PO3NOJIAEHOTO OGCTYrOBYBaHHA HABAHTAKEHHS 3 IOTPUMAHHIM
BHMOT W00 JAOCTYMHOCTI CHCTEMH OGCAYTOBYBaHHA Ta MOAKE GYTH BUKODMCTaHO ANA MiIBMILEHHS €HEProedeKTHBHOCTI Ta
MPOAYKTUBHOCTI OGPOOKM HaBaHTaKeHHS Y nepudepiithiii Ta ueHTpansHiil xmapi B apxitekTypi mepexi 5G. EQexTHBHICTH
JANPOTIOHOBAHOIO KOMILIEKCHOTO MeTojly Ta [13 Ha #1010 OCHOBI [EPEBIPEHO i3 BUKOPUCTAHHAM METOJLIB JAGOPATOPHOTO
CKCTIEPUMEHTY Ta iMITaUitHOro MozemoBaHHs. BUrpaul 3anpornoHOBAHOTO KOMIUJIEKCHOTO METOAY Y TOPIBHAHHI i3 BiZoMUMM
nigxozamu Backfill Ta Round Robin 3a nokasuukom exeproedextisHocTi cknas 9,953% Ta 26.382% sinnosiaHo. Burpai sa

MOKA3HUKOM MPOJIYKTHRHOCTI CTaHOBHB 5,593% Ta 49.458% Binnomizino. TIpH 1bOMY 3anPOMOHOBAHUIT KOMMIEKCHHIT METOJ
3abesneyye BUKOHAHHA BUMOT UIOJ0 AOCTYMHOCTI 0GMMCTIOBAILHUX Byanis posnofiienux LIOJ Ta aae surpam 3a oGpaHum

KpHTEpieM ONTUMaNBHOCTI Ha 15.722% y nopisHsansi i Backfill Ta Ha 88,887% y nopisussHi 3 Round Robin.
Pedepar (anr.)

In the thesis, the important scientific and practical problem of increasing the energy efficiency and performance of workload
processing in the information and communication network (ICN) while meeting the requirements for the availability of the
workload processing system was solved. The requirements’ analysis conducted for each of these workioad types in accordance
with the recommendations of the International Telecommunication. Union allowed determining the main performance
indicators of the distributed workload processing system as part of the ICN and the server cluster as a unit of the distributed
data center as part of the ICN, in particular: energy efficiency and performance indicators of workload processing, as well as the
system availability factor. Based on these indicators. an optimality criterion of workload processing in ICN was proposed. In

order to systematize and formalize the workload processing process in the information and communication network as an
object of research, an ontological model of a distributed workload processing system was built. In order to obtain a quantitative
assessment of the relationships between the defined efficiency indicators and the parameters that affect them, a mathematical




