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2. Synthesis of an Edge Layer Cluster in a Computer System Supporting the Internet of Things

Pedepar:

1. Incepranifina po60Ta IPUCBSIY€HA BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIUHOI 3aa4i, MOB'$13aHOI 3 MiIBULIEHHIM
e(peKTUBHOCTI BUKOPMCTaHHS OOYMCIIOBAJIBHMX PECYPCiB TPaHUYHOTO APy NPy 00pOOLi ONI€PaTUBHUX TPAH3AKILiH.
OO6’eKT mOCiIpKeHHs — rpouec GOpMyBaHHS KJIaCcTepiB IPaHUYHOTO 1Ay, 110 06'€AHYIOTh TEPUTOPiabHO OJIM3bKI
npuctpoi IHTepHeTy peueil. [IpegMeT JOCHIIKEHHS — METOIA CUHTE3Y KJIACTEPiB IPAaHUYHOTO APy KOMITIOTEPHO]
CHACTEMHU NiATPUMKHU IHTEpHETY pederl. MeTo1o JUCepTaLiifHOi pOOOTH € MiaBUIEeHHS €(EeKTUBHOCTI BUKOPUCTAHHS
00U CIIIOBAIbHUAX PECYPCiB IPAaHNYHOrO Mapy Npy 06po6Lli ONlepaTUBHUX TPAH3AKLiN LIUISIXOM Y4OCKOHAJIEHHS
METOJIiB CUHTE3Y OKDEMUX KJIaCTEPiB IPAaHMYHOrO 1apy IHTepHeTy peyeit. 3a pe3yabTaTaMu JOCTiIKEHHS
OTPUMAaHO TaKi HAyYKOBi pe3yJIbTAaTU: — YAOCKOHAIEHO METOJ, IOOYN0BYU (PYHKIIIOHAJIbHUX MOZEJIEN KlacTepiB
TPaHMYHOTO Mapy KOMITIOTEPHOI CUCTEMU MiATPUMKHU [HTEPHETY pedell, SIKUil Bilpi3HseTbCs Bl BitoMux

BHMKOPHCTaHHSIM arapary y3arajbHeHUX 4acoBUX MepexX [1eTpi, 110 J03BOINJIO OTPUMATU 3HAUYE€HHS IIePexiTHNX



IMOBIPHOCTEN MK CTaHaMM MEPEXi Ta pi3Hi PiBHI geTasisalii Ipy1 MOLEIOBaHHI IpoLecy po604oro
HaBaHTaKeHHSI, 32 PaXyHOK 4Oro MiIBULIMIIACh aleKBAaTHICTh PYHKIIOHANBHOI MOJeJli peaslbHOMY IIpoLiecy 00poOKU
OIlepaTUBHUX TPaH3aKIill IHTEpHETY peyell; - OTPMMaB NOAAJIBIINYI PO3BUTOK MeTOJ, GOPMYBaHHS KjlacTepa
TPaHMYHOTO APy KOMITIOTEPHOI CUCTEMHU MiATPUMKU [HTEPHETY pedell LIJIIXOM BUKOPUCTAHHS (PYHKIIOHAIbHOI
MoOJeJli KJIacTepa Ta anapary HalliBMapKOBCHKUX IIPOLECIB 3 MOKJIMBOIO PEAYKLIEI0 KiIbKOCTI cTaHiB Mepexi [leTpi,
1110 [103BOJIMJIO 3BMEHIIUTU CepeJHill yac 06poOKY OllepaTUBHUX TPaH3aKLIii, 10 HATXOASTh 10 FPAHUYHOIO Iapy
IHTepHeTy peueil; — yIOCKOHAJIEHO METO/, KOPOTKOCTPOKOBOIO IIPOrHO3Y YaCOBUX NTapaMeTpiB KjacTepa
IPaHUYHOTO LIapy [HTEpHETY peyel, IKUil BpaxoBye 0OMeXKeHi 0649 CIIoBajIbHi MOKIIMBOCTI By3J71iB IPAHUYHOTO
mapy IHTepHety peueil Ta 6a3yeTbCs Ha BifIOBinHIN QyHKIIOHAIBHINM MOZeJI, [0 03BOJIMJIIO MiIBUIIUTHA TOYHICTh
IIPOTHO3Y IIPY IIJIAaHYBaHHI ONIEPATUBHOIO NIEPEPO3IIOINY PECYPCIB CUCTEMU IiITPUMKHU [HTEPHETY pedell.
[IpakTUyHe 3HaUY€HHS OTPMMAHUX PE3YJIbTATIB [10JISITA€ B TOMY, 1110 PO3PO0JIeH] y PO60Ti METOAM € HAyKOBO-
IIPAKTUYHOIO0 OCHOBOIO JJ1s1 [TOAAJIBIIOrO YI,OCKOHAJIEHHS iHPPacTPyKTypH MiATPUMKU Mepexi IHTepHeTy peueil B
YaCTHHI FPaHUYHOrO Wapy. [IpencrassieHi Ha iX OCHOBI iIH)KEHEPHI METOIM Ta aJITOPUTMU JAIOTh 3MOTY: — IIPOBECTU
1106y 0By QyHKIiOHa/IbHOI MOJI€Jli OKPEMOTO Mapy iHPPaCTPYKTYpH NiATPUMKU IHTEpPHETY pedeli, afleKBaTHOI
peasbHUM IIPOLiecaM 3 TOYHICTIO 0 BBEJEHUX NPUIYILEeHb; — C(POPMYBATU KIaCTep IPAHUYHOTO apy
iHpacTpyKTYypH NiITpUMKU [HTEPHETY pedeli, IKUM 03BOJIsS€ 3MEHIIUTY CepelHil 4ac 06pOOKY OllepaTUBHUX
TPaH3aKLili; - 30iMCHUTH KOPOTKOCTPOKOBUI ITPOTHO3 YaCOBUX IapaMETPiB KjlacTepa rPaHUYHOro mapy IHTepHeTy
peyvel, o AO3BOJIUTb MPOBOAUTY ONI€PATUBHUI NEPEPO3NOis peCypCiB KOMITIOTEPHOI cucTeMu nigTpumku IoT; —
3MEHIIUTU CepelHill yac 06CIyroByBaHHI ONlepaTUBHUX TPAH3aKLill Ha By3jlaX IPAHUYHOrO Wapy IHTepHETY peveit
1o 8%. 3a pe3yabTaTaMu JOCIiI>KEHHS MiITBEPIyKEHO IIPaKTUYHY Ta TEOPETUYHY 1iHHICTb pO3pO0JIEHUX METO/LIB,
HAJaHO NPAaKTUYHi peKOMEeHallii, 1[0/10 3aCTOCYBaHHS PO3POOJIEHUX METO/iB Ta PO3IJISIHYTO NIEPCIIEKTUBY iX

MIOJAJIBIIOTO PO3BUTKY.

2. The dissertation is devoted to solving a current scientific and technical problem related to increasing the
efficiency of using the computing resources of the edge layer in the processing of operational transactions. The
object of research is the process of forming edge layer clusters that unite territorially close devices of the Internet
of Things. The subject of research is methods of synthesis of edge layer clusters of a computer system supporting
the Internet of Things. The purpose of the dissertation is to increase the efficiency of using the computing
resources of the edge layer in processing operational transactions by improving the methods of synthesis of
individual clusters of the edge layer of the Internet of Things. According to the results of the research, the
following scientific results were obtained: - the method of constructing functional models of clusters of the edge
layer of the computer system supporting the Internet of Things has been improved, which differs from the known
ones using the apparatus of generalised timed Petri nets, which made it possible to obtain the values of transient
probabilities between network states and different levels of detail in modelling the workload process, thereby
increasing the adequacy of the functional model to the real process of processing operational transactions of the
Internet of Things; - the method of forming a cluster of the edge layer of the computer system supporting the
Internet of Things was further developed by using the functional model of the cluster and the apparatus of semi-
Markov processes with a possible reduction in the number of Petri net states, which allowed to reduce the average
processing time of operational transactions received by the edge layer of the Internet of Things; - a method for
short-term forecasting of the time parameters of the IoT edge layer cluster, which takes into account the limited
computing capabilities of the IoT edge layer nodes and is based on the corresponding functional model, has been
improved, which has increased the accuracy of the forecast when planning the operational reallocation of
resources of the IoT support system. The practical significance of the results obtained is that the methods
developed in this work are a scientific and practical basis for further improvement of the infrastructure supporting
the Internet of Things network in terms of the edge layer. The engineering methods and algorithms presented on
their basis make it possible to - to build a functional model of a separate layer of the IoT support infrastructure,
adequate to real processes with accuracy to the assumptions made; - to form a cluster of the edge layer of the IoT
support infrastructure, which allows to reduce the average processing time of operational transactions; - to make
a short-term forecast of the time parameters of the cluster of the edge layer of the Internet of Things, which will



allow for the prompt redistribution of resources of the computer system of IoT support; - to reduce the average
time for servicing operational transactions on the nodes of the IoT edge layer to 8%. The results of the study
confirm the practical and theoretical value of the developed methods, provide practical recommendations on the
application of the developed methods and consider the prospects for their further development.
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KBasigikamis: 1. 1. n., npodecop, 05.13.05
InenTudikarop ORCID ID: 0000-0001-8139-0458
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Koz 3a €IPITIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi



Biacue IIpizBume Im's [10-6aTbKOBI 3akoBopoTtHuii Onekcanzp IOpiiioBuy
TOJIOBH pajgu

BnacHe IlpizBume Im's I10-6aTbKOBI 3akoBoporHuii Osnekcanap IOpiitoBnd
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY [luman Auna IMaBniBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




