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Hucepramiss Ha 3400yTTS HAyKOBOTO CTYIeHS JoKTopa (imocodii 3a
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JHuceprariiiina po6oTa MpUCBsSYeHA ONTUMI3AIIl] Oe3CepBEpHUX O0UHCIEHD Y
XMapHUX CEpeJOBHUINaX B YMOBaX HEPIBHOMIPDHOTO HABAaHTAXKEHHSA Ta
HEOJHOPIAHOCTI BXIAHUX MOTOKIB 3aBJaHb. CydacHi MiAXOIU 10 aBTOMATHYHOTO
MacIITadyBaHHs OOYHMCIIOBAIBHUX PECYPCIB MAalOTh MEPEBAKHO PEaKTUBHUMN
XapakTep, M0 NPU3BOJIUTH JI0 MPOOJEM XOJOJHOTO CTapTy, Hee(EeKTHBHOTO
BUKOPHCTAHHS PECYPCIB Ta 30UIbLICHHS 3aTPUMOK y CUCTEMax 4Yepr. 3aCTOCyBaHHS
METOJ[IB MAIIMHHOTO HAaBYaHHS Ta HEHUPOHHUX MepeX Ui MPOTHO3YBaHHS
HAaBAHTAXKEHHA NOTpeOdye 3HAYHUX OOCSTIB ICTOPUYHHUX HAOOpPIB JAaHUX 1 HE
3a0e3neuye aHAMTHYHUX TapaHTIA SKOCTI OOCIyroByBaHHsS. Y JucepTailiitHii
poOOTI  PO3B'SI3YEThCS  aKTyallbHA HAyKOBO-TIPUKJIAQTHA 3ajlada  pO3pOOKH
1H(pOpMaIIiHOT TEXHOJOTIi onTUMI3alii Oe3cepBEpHUX OOYMUCIEHb y XMAapHHUX
CEpellOBUIIAX MUISIXOM MMOOY/IOBA MaTEeMaTHYHUX MOJIeNieH Ha OCHOBI Teopii
CICTEM MAacOBOTO OOCITYrOBYBaHHS HEOIHOPIAHOI CTPYKTYpH Ta CTBOPECHHS
BIJIOBIJTHOTO IPOTPAMHOI0 3a0€3MeYEeHHS.

O0’ekTOM JOCHITKEHHSI € TIPOIECH PO3MOJAUIEHOT OOpOOKM JaHHMX Yy
XMapHUX CEepeOBUINaX 3 BUKOPUCTAHHSIM O€3CEpBEPHUX TEXHOJOTIH Ta CHCTEM
KEepyBaHHS YepraMu MOBIJOMJICHb.

IIpeameTrom A0CaiIZKEHHSA € METOAM Ta MOJIEII OMTHUMI3aIlli 0e3cepBepHUX
OOUYHCIIEHh Y XMapHUX CEpEJOBUINAX HAa OCHOBI TeOpli CHCTEM MAacOBOIO
00CIIyrOByBaHHSI HEOJHOPIAHOI CTPYKTYpH.

Metow pociaigxeHHss € po3poOka MiAXOAIB omTuMizallii Oe3cepBepHUX
OOYHCIEHb Yy XMapHUX CEpeAOBMINAX, 110 3a0e3MeuyloTh  I1IBUIIECHHS
OPOAYKTUBHOCTI, 3HMKEHHS BUTPAT 1 MIHIMI3AIIIO XOJOJHUX CTapTiB IMIISIXOM

noOy10BY 1H(OPMaLIIHOT TEXHOIOT1] Ha OCHOBI T€Opli MaCOBOTO OOCITYTrOBYBaHHS



JUIS  TIPOTHO3YBAHHS ~ HABaHTAXKEHHS Ta MPOAKTUBHOTO  MaciiTaOyBaHHS
OO0YHCITIOBAIEHUX PECYPCIB.

Y nucepralliifHiii poOOTI 3HAYHO YAOCKOHAJIEHO MaTeMaTHYHy MO/ICIb
Oe3cepBepHOi OOUMCITIOBAIBHOI CUCTEMH Ha MPHUKIaAl XMapHoi targopmu AWS
Lambda sk HEOAHOPIAHOT CHCTEMH MAacCOBOTO OOCIYrOBYBaHHS 31 3MilIaHUMHU
pexuMaMu poOOTH, Y SIKIM BXIJJHUN MPOIEC BU3HAYAETHCS CYMIIIIITIO HE3aIEKHUX
HEOJTHOPITHUX IMyacCOHIBCHKUX MPOIIECIB 3 PI3HUX JpKepen mofiil. BeranoBiieHo
HeOoOXiJIHYy Ta J0CTATHIO YMOBY OOMEXEHOCTI YEPTH JjIsl HEOJHOPITHOT CUCTEMHU
MacoBOro oOCIyroByBaHHs. Briepiie 1oBeieHo rpaHUyHI €BOJIOLIL JJIsl IPOIIECY
JOBKMHU YEpru y CXeml yCepelIHEHHs Ta cxeml Au(y31iHOi anmpoKcumarii 3
BUKOPHCTAHHSAM amapary HamiBMapKOBCHKUX BHITAJKOBUX €BOJIOIIN, IO
0a3yerbcst Ha Teopli MapKOBCHKMX JIAHIIIOTIB Ta HaIiBMAapKOBCHKHUX IPOIIECIB.
Cxema ycepemHEHHS BH3HAYa€ JCTEPMIHOBaHY TPAEKTOPIIO  CEPEIHBOTO
HABAHTAKEHHSA, a cXeMa AU(y31HHOT allpOKCUMALlli ONMKUCYE BUMAIKOBI BIIXUICHHS
BiJl 1€l TpaekTopli uepe3 cToxacTu4yHe AudepeHIianbHe piBHAHHS ITO, 10 €
OCHOBOIO  JUIsi ~ TIPOTHO3YBaHHS  TOBEJIHKMA  IHTENEKTyallbHOI  CHCTEMH
aBTOMAaTUYHOTO MacIITa0yBaHHS.

VY nucepraiiiiHiii poOOTI TaKOXK YIOCKOHAJIEHO AJTOPUTM MMapaMeTPUIHOI
OLIIHKM Ta ONTUMI3alli KOHPIrypauii 0e3cepBepHOl CUCTEMHU, IKUH, HA BIIMIHY Bij
ICHYIOUHUX TIJIXO/JIB Ha OCHOBI MAIIMHHOTO HAaBYaHHS Ta HEUPOHHUX MEPEXK,
BUKOPHCTOBYE aHATITHUYHI OI[IHKUA TEOPii MAaCOBOT0 OOCIYrOBYBaHHS, I03BOJISIOUN
oTpuMatud siBHI (GOPMYJM Il  ONTUMAJbHUX MapaMeTpiB Ta YHUKHYTH
HEOOX1THOCTI HABUaHHS MOJEJEeH IITY4YHOro I1HTEJIEKTY Ha BEJIUKUX Habopax
JAHUX.

Po3po0JieHo apxitekTypy ¢peiiMBOpPKY JIsl pO3IOIIIEHOT 00OpOOKH JaHUX
3 BHUKOPUCTAHHSM O€3CepBEpHUX TEXHOJOrM Ha XxMapHid mmargopmi AWS.
OcoOnuBICTIO JaHOI apXITEKTYpU € BHUKOPUCTAHHS CUCTEMHU YepT IOBIJIOMJICHB,
peamizailis ciabkoi 3B'SI3HOCTI MIK OKPEMHMH €JEeMEHTaMHU 1HTEJIeKTyaJIbHOI
CHUCTeMHM, He3ale)KHE 1X MacmTa0yBaHHS B pa3l MOTpeOu, MIBHAKE BiTHOBIICHHS
micass 3001B Ta ONTUMI3AIlis BUKOPUCTAHHS OOYMCITIOBAIILHUX PECYPCIB.

Po3po0JieHo Ta peasnizoBaHo iHdopmauniiiHy TeXHOJIOTi0 1JIsI PO3MOAUICHOI



OOpOOKM JaHMX 3 BUKOPUCTAHHSIM O€3CepBEpHUX OOUMCICHb Ta MPOAKTHUBHUM
aBTOMATUYHUM MaclITaOyBaHHSAM OOYMCIIOBAIbHUX PECYPCIB, IO € OCHOBOIO
CTBOPEHOT'O [TPOTPaMHOTr0 3a0€3MEeUEHHS.

IIpakTH4yHe 3HAYeHHs] OTPUMAHUX pE3yJNbTATIB TMOJATAE Yy peaizamii
iHbopMarlifHOi  TexHONOrii  omTuMmizamii  Oe3cepBEepHMX  OOUYMCIEHb  Ta
porpaMHoOro 3abe3nedyeHHs, 1o 3a0e3leyye MPOrHO3yBaHHS HABAHTAXKEHHS Ta
IIPOAKTUBHE MacmTabyBaHHs ~ PeCypciB HA  XMapHil mwiatdopmi.
ExcriepuMenTanpHa anpo0airisi Ha peanbHUX HaOOpax MaHWUX MPOJEMOHCTPYBaa,
10 aHAJITUYHA MOJIENb HAa OCHOBI MapKOBCHKUX JIAHIIIOTIB Ta HallIBMapKOBCHKHUX
nporieciB  3a0e3neymna MPUCKOPEHHsST oO0poOku nanux Ha 25,8%, 3pocTaHHS
MPOMYCKHOI 3/1aTHOCTI Ha 21,3% Ta 3MeHIIeHHS XOJIOJHUX cTapTiB 10 3%
MOPIBHSHO 3 KJIACMYHUM PEAKTUBHUM MaciiTaOyBaHHSM. [lOpiBHSHHS MiaXoaiB
MoKa3ajo, M0 aHATITUYHA MOJENH MEPEBUIIYE aIrOPUTM Ha OCHOBI MAIIMHHOTO
HAaBYaHHS 3a OCHOBHUMH IMOKa3HUKaMH MPOJYKTHBHOCTI Ta 3a0e3nedye rapaHTii
AKOCT1 OOCIIyTOBYBaHHsS 0e€3 MOTpeOM y BETUKHX O00cCsArax ICTOPHUYHUX HAOOPIB
TaHUX.

Pe3ynpTaTh 1HTENEKTYaIbHOTO aHAJI3Y JaHUX Ta IPOTHO3yBaHHS, OTPUMaH1
3a JIONOMOTOI0  po3pobieHoi  iHQOpMAaIiiHOT TEXHOJIOTii, MOXYTh OyTH
BUKOPHUCTaHI JIsl ONTUMI3allli Oe3cepBepHUX OOUYUCIIEHb Y XMAapHUX CEPEIOBUIIAX.
Po3pobnene mporpamHe 3a0e3leyeHHs € BIAKPUTUM (PPEMMBOPKOM, IO MOXKE
OyTH amanToBaHe JUIsl PI3HUX XMAapHUX IUIATHOPM Ta BUKOPUCTaHE /i TOOYA0BH
IHTENEKTYyaJIbHUX CHUCTEM aBTOMAaTUYHOTO MacHITaOyBaHHS pECypciB Ha OCHOBI
3alpOIIOHOBAHUX MOJIENICH Ta allTOPUTMIB.

Hucepratisi CKJIamgaeTbecss 31 BCTYMY, YOTUPHOX PO3JLUIIB, BHCHOBKIB,
neperiky BUKOPUCTAHUX JKepes Ta YOTUPHOX TOIATKIB.

VY BeTymi oOOrpyHTOBAHO aKTyaJIbHICTh TEMU JOCIIKEHHS, C(POPMYITLOBAHO
METy, MpeaMeT, 00’€KT, 3aBJaHHS Ta METOAU JOCIIIKEHHS, BKa3aHO HAyKOBY
HOBHU3HY, MOJIaHO Ta IMPOAHAII30BAHO 3B’SI30K POOOTHM 3 HAYKOBUMHU TEMaMH.
3a3HaueHO OCOOMCTHII BHECOK 3700yBada, a TaKOX HaBEIEHO BiJIOMOCTI MPO
anpoOariro Ta myosikaiii OCHOBHUX pe3yJbTaTiB nuceprauii. Onmucano CTpykTypy

Ta 00CST AUCEPTAIliiHOT POOOTH.



Iepmuii po3gin nucepranii MICTUTh TEOPETUYHI OCHOBU Ta OTJISA
JiTEpaTypu y ramy3i Oe3cepBepHUX OOYHCICHh HA XMapHHX IUIaTdhopmax.
Po3risiHyTo KIIFOUOBI KOHIIEMINT MapajgurMu Oe3cepBepHUX OOYHUCIEHBb, 30KpeMa
moneni Function-as-a-Service Ta Backend-as-a-Service, apxiTekTypHi 0COOIMBOCTI
MOJIIHHO-OPIEHTOBAHMX CHCTEM, MEXaHI3MH aBTOMATHYHOTO MaciuTaOyBaHHS
OOUYHCITIOBAILHUX PECYpCiB Ta IHTErpaIlil0 3 MIKPOCEPBICHUMH apXITEKTypaMHu.
[TpoananizoBaHO OCHOBHI TMepeBard Ta OOMEXEHHsA Oe3cepBepHUX OOUYUCIICHD,
cepell SKUX HAWOUIbII KPUTHUYHUMHU BHU3HAUEHO MPOOJIEMYy XOJIOAHOTO CTapry,
3aJIeKHICTh Bl NOCTA4aJIbHUKA XMapHUX IOCIYI Ta CKJIaJHICTb MOHITOPUHTY
po3noauieHux cucreM. CUCTEMaTU30BaHO METPUKH OL[IHIOBaHHS €(EeKTUBHOCTI
O0e3cepBepHUX 1H(POpPMAIITHUX CHUCTEM Ta BHU3HAYEHO BIAKPUTI MPOOJEeMH, IO
MOTPEOYIOTh MOAANBIIHNX JTOCTIIKEHb Ta ONITUMI3AITIi.

JIpyruii po3miii NpPUCBSYEHHWM aHaNI3y apXITEKTypHHX pIIIEHb s
Oe3cepBEepHUX OOYMCIEHb Ta pO3pOOLIl  apXITeKTypu (PpelMBOpKY  UIsd
po3noauienoi 00poOku naHux. [IpoanHanizoBaHO poOdb MOAIEBO-OPIEHTOBAHUX
apXITEKTyp y MOOyJOB1 IHTENEKTyaJlbHUX CHUCTEM Ha XMapHUX MaTdopmax Ta
MPOBEJCHO  MOPIBHSUIBHUN  aHaMi3  KJIOYOBUX  IIA0JOHIB  KOMYHIKaILi.
OOrpyHTOBaHO BHOIpP CHCTEMH 4Yepr IOBIJIOMJICHb SK 0a30BOr0 KOMIIOHEHTA
apXiTEeKTypu JUIsl 3aJad AaCUHXPOHHOI PO3MOJAUICHOI OOpOoOKH JaHuX, IO
3abe3rneuye Oydepuzaliiio Ta 3riaj)KyBaHHs IMIKOBUX HaBaHTaXXeHb. [IpoBeneHo
JeTaNbHUN TOPIBHSJIBHUN aHaNli3 MIAXOMIB JO peadi3ailii KOMYHIKamii B
peanbHOMY yaci. BusHaueHO oOMeXeHHsI PeaKTMBHOIO MacliTa0yBaHHS, 30KpeMa
XOJIO/IHI CTapTU Ta HemnepeAadadyBaHl 3aTPUMKH, IO MIATBEPKY€E AKTYaJbHICTb
pPO3pPOOKH MPOAKTUBHHUX aJTOPUTMIB MAacIITa0yBaHHS Ha OCHOBI MPOTHO3yBaHHS
HaBaHTa)KCHHSI.

Y Tperbomy po3aiii moOymoBaHO MaTeMaTHYHY MOJENh Oe3cepBepHOI
1H(}OopMaIIiHOT CUCTEMH SIK HEOJHOPIAHOI CUCTEeMH MacOBOTO 0OCITYyrOBYBaHHS 31
3MIIIAHUMH PEXKUMaMU pOOOTH Ta pO3pOOJIEHO METOIU OLIHIOBAHHS ii KIIFOUOBUX
napameTpiB. JlochimkeHo BIACTHUBOCTI MOJENI CYMIlli TMOTOKIB 3aBAaHb, IO
(bopMyeTbes K MOEAHAHHS HE3aJICKHUX HEOJHOPITHUX MyacCOHIBCHKHUX MPOIIECIB,

Ta BCTAHOBJIEHO 11 BiAMIHHOCTI Big KiacuuHoro Markov-Modulated Poisson



Process. JloBeeHO HEOOX1HY Ta JOCTATHIO YMOBY OOMEXXEHOCTI CUCTEMHU Yepr Ta
TPaHUYHI €BOJIOLI MPOIECY AOBXKHUHU YEeprd y CXeMi YCEpeIHEHHsS Ta CXeMi
nudy3iifHOI  ampoKcuMalili 3 BUKOPUCTAaHHSAM amapaTy HaliBMapKOBCHKHUX
BUITAJIKOBUX E€BOJIONIN, M0 0a3yeThcs Ha Teopii MapKOBCHKHMX JIAHITIOTIB Ta
HAIIBMapKOBCHKUX TpoIieciB. Po3pobiieH0 MeToA OLIHKH MapaMeTpiB CyMIMIl
BX1JTHOTO Tipoliecy Ha ocHOBI EM-anroputmy 3 BUKOPUCTAHHSM METPUK XMapHOI
wiatpopmu  AWS. 3anpomnoHOBaHO aJropuT™M MapaMETPUYHOI OILIHKH Ta
ormrruMmi3aiii KoHpIirypaiii 6e3cepBEepHOi CHCTEMH, SIKW Ha BIAMIHY BiJl ITiIXOJIIB
Ha OCHOBI MAIlIMHHOTO HABYaHHS Ta HEHPOHHUX MEPEXK BUKOPHUCTOBYE aHATITUYHI
OLIIHKH, 110 JTO3BOJISIE€ OTPUMATH SBHHUM BUTIIS U TIPOTHO3YBAHHS ONTHMAIBHUX
napameTpiB 0e3 moTpedu y BEIUMKHX HAOOpax JaHMX JJIs HAaBYAHHS MOJEINEH
HITY4YHOT'O 1HTEJIEKTY.

VY 4derBepTroMy pO3aii 3A1MICHEHO MPAKTUYHY BepU(DIKAIII0 TEOPETHUYHUX
pe3yabTaTiB  JUCEPTALlIMHOTO  JOCHIPKEHHS Ta  peaji3oBaHO  MporpamHe
3a0e3nedeHHs 1HGOpMaIliitHOT TexXHOoJIOTIi onTuMizailii 0e3cepBepHUX O00UYUCICHB
Ha xMapHii argopmi AWS. V nepuiomy eKCriepuMeHTI AOCTIIKEHO MPOTrHO3HE
aBToMaclTadyBaHHS Ha OCHOBI HellpoHHUX Mepex DeepAR, sike Ha peanbHUX
HaOopax MaHMX 3MEHIIWIO KITBKICTh XOJIOJHUX CTapTiB Ha 27% Ta KUIBKICTh
HeoOpoOaeHux 3anuTiB Ha 14%, Mpu 1IbOMY BCTAaHOBJIECHO OOMEXKEHHS MIIXOY,
30Kpema MnoTpedy y BETUKUX 00csIrax iCTOpUYHUX JTaHUX JJIsl HABYaHHS MoJienl. Y
JPYroMy €KCIEPUMEHTI JOCIIHPKEHO MPOTHO3HE aBTOMAcCIITaOyBaHHS Ha OCHOBI
aHAJITAYHOI MOJZIeJII 3 HaIMiBMAapKOBCBKUMHU TMpOlecCaMH, M0 3a0e3Meuunio
NPUCKOPEHHST 00poOKkM Ha 25,8% Ta 3MEHILEeHHsS XOJOAHUX cTapTiB A0 3%. Y
TPETHOMY EKCIIEPUMEHTI MPOBECHO IMITAIlIfHE MOJEITIOBAHHS 1HTEICKTYyaIbHOI
cuctemMu MmetonoM Monrte-Kapio, 1mo miATBEepAuso mepeBard MoJeNl Cywilli
MOTOKIB. Pe3ynbTaTH 1HTENEKTYaIbHOTO aHAII3y JIaHUX TOKa3ajy, 1110 aHaJITHYHA
MOJIeJIb TEPEBUILY€E ANTOPUTM Ha OCHOBI MAalIMHHOIO HAaBYaHHS 32 OCHOBHUMU
MOKAa3HUKAaMU TTPOYKTUBHOCTI Ta 3a0e3Medye rapaHTii IKOCTI 00CIyroByBaHHsI Ta
NIATBEP/UKYE  €(PEeKTUBHICTh  po3pobsieHoi  iHpopMaliiiHOI  TexXHoJorii Ta

IpOrpaMHOro 3a0e3MeueHHs Al ONTUMI3aIlil 0e3cepBEepHUX O0UHCIICHb.



Y BHCHOBKAX IIiJICyMOBAaHO OCHOBHI pe3yJlbTaTH JIUCEPTALIHHOTO
JOCT1IKEHHSI.

Y pomatkax mojaHO HAyKOBI MyOJikarlii, B SKHUX BIJIOOpPa)XEHO OCHOBHI
HAyKOBI pe3yJbTaTH pOOOTH, BIJOMOCTI MPO ampoOarlito pe3yabTaTiB AUCEpTaIii —
aKTU Ta JOBIJKH MPO BIPOBAIKEHHS pe3yibTaTiB pOOOTH, JICTUHT YaCTUHU KOy
POrpamMHOro 3a0€3MeYeHHS.

3anporoHoBaHa  iH(oOpMaIiiHa  TEXHOJIOTISA Ui TPOTHO3HOIO
aBTOMacmITabyBaHHS, IO JO3BOJSIE 3a3/ajeriap pPO3ropTaTd OOUMCIIOBAIbHI
pecypcu Ha XMapHiid TaTdopMi BHKOPUCTOBYEThCS Yy poOoTi kommanii Finker
Finance B.V. 1ta ®OIl BepoOunpkoi C.I. A pe3ynbTaTd TEOPETUYHUX Ta
NPAKTHYHUX JIOCHTIKEHh BUKOPHCTOBYIOTHCS y HAaBYAIBHOMY Ipolieci kadeapu
MaTeMaTUYHUX MpoOJeM YIpaBliHHS 1 KiOEpHETUKH Ta KadeAapu MporpamMHOro
3a0€3MeUYEeHHs]  KOMII'FOTEPHHX  CUCTEM  YepHIBEUbKOr0  HAI[IOHAJIBHOTO
yHiBepcuteTy iMeHi1 FOpis @eapkoBuya.

KawouoBi ciaoBa: iHpopMmaliifHa TEXHOJOTIsA, XMapHa Iuiatgopma,
ONTHUMI3allisl, MOJElb, aIrOPUTM, MAIIMHHE HABYaHHS, HEWPOHHI Mepexi,
IITYYHUH 1HTEIEKT, CUCTEMa 4Yepr, 1HTENEeKTyaJlbHa CHCTEMA, IHTEJNEKTyalbHUN
aHai3 gaHuX, MapKoBChKI Ta HaIiBMapKOBCHKI JIAHIIIOTH, TPOTHO3YBaHHS, HA0Ip

JTAHUX, TPOTPaMHE 3a0e3MCUCHHS.

ABSTRACT

Kyrychenko O. Optimization of serverless computing in cloud
environments. — Qualification research work published in the manuscript.

Dissertation for the degree of Doctor of Philosophy, speciality 121 —
"Software Engineering" — Yuriy Fedkovych Chernivtsi National University,
Chernivtsi, 2026.

This dissertation addresses the optimization of serverless computing in cloud
environments under conditions of uneven workloads and heterogeneous incoming
task streams. Existing approaches to automatic scaling of computing resources are

predominantly reactive, leading to cold-start problems, inefficient resource



utilization, and increased latency in queueing systems. Although machine learning
methods and neural networks can be used for workload prediction, they require
large volumes of historical data and do not provide analytical guarantees of quality
of service. The dissertation addresses the relevant scientific and applied problem of
developing information technology to optimize serverless computing in cloud
environments by constructing mathematical models based on the theory of
heterogeneous queueing systems and developing the corresponding software.

The object of the study is the processes of distributed data processing in
cloud environments using serverless technologies and message queue management
systems.

The subject of the study is the methods and models for optimizing
serverless computing in cloud environments using the theory of heterogeneous
queueing systems.

The study aims to develop approaches to optimizing serverless computing
in cloud environments that improve performance, reduce costs, and minimize cold
starts by creating an information technology based on queueing theory for
workload prediction and proactive scaling of computing resources.

The dissertation has significantly further developed and improved the
mathematical model of a serverless computing system, using the AWS Lambda
cloud platform as an example, by representing it as a heterogeneous queueing
system with mixed operating modes, in which the input process is defined as a
mixture of independent, non-homogeneous Poisson processes generated by
different event sources. A necessary and sufficient condition for stability
condition for the queue in such a heterogeneous queueing system is established.
For the first time, limiting results for the queue-length process are obtained
under both the averaging and diffusion approximation schemes, using the
framework of semi-Markov random evolutions based on the theory of Markov
chains and semi-Markov processes. The averaging scheme defines the
deterministic trajectory of the mean workload, whereas the diffusion

approximation scheme describes random deviations from this trajectory through an



It stochastic differential equation. This provides the foundation for predicting the
behavior of an intelligent autoscaling system.

The dissertation has also further developed and improved the algorithm
for parametric estimation and configuration optimization of a serverless system.
Unlike existing approaches based on machine learning and neural networks, the
proposed algorithm uses analytical estimates derived from queueing theory,
enabling explicit formulas for optimal parameters and eliminating the need to train
artificial intelligence models on large datasets.

An architectural framework for distributed data processing using
serverless technologies on the AWS cloud platform has been developed. A
distinctive feature of this architecture is its use of a message queue system, which
enables loose coupling among the intelligent system's components, independent
scaling when necessary, rapid recovery after failures, and more efficient use of
computing resources. An information technology for distributed data processing
based on serverless computing and proactive autoscaling of computing resources
has been developed and implemented, forming the basis of the software created
in this research.

The practical significance of the results lies in the implementation of an
information technology for serverless computing optimization and software that
provides workload prediction and proactive resource scaling on a cloud platform.
Experimental validation on real-world datasets showed that the analytical model
based on Markov chains and semi-Markov processes achieved a 25.8% increase in
data processing speed, a 21.3% increase in throughput, and a reduction in cold
starts to 3% compared with conventional reactive scaling. A comparative analysis
also showed that the analytical model outperforms the machine-learning-based
approach in the main performance indicators while providing quality-of-service
guarantees without requiring large historical datasets.

The results of data mining and prediction obtained using the developed
information technology can be used to optimize serverless computing in cloud

environments. The developed software is an open framework that can be adapted



to different cloud platforms and used to build intelligent resource autoscaling
systems based on the proposed models and algorithms.

The dissertation consists of an introduction, four chapters, a conclusion, a
list of references, and four appendices.

The introduction substantiates the relevance of the research topic,
formulates the aim, object, subject, objectives, and research methods, highlights
the scientific novelty, and examines the connection of the work with existing
scientific themes. It also specifies the author's personal contribution and provides
information on the approval and publication of the main dissertation results. The
structure and scope of the dissertation are described as well.

The first chapter presents the theoretical foundations and literature review
in the field of serverless computing on cloud platforms. It examines the key
concepts of the serverless computing paradigm, including the Function-as-a-
Service and Backend-as-a-Service models, the architectural features of event-
driven systems, mechanisms of automatic resource scaling, and integration with
microservice architectures. The main advantages and limitations of serverless
computing are analyzed, with particular emphasis on the cold-start problem,
vendor lock-in, and the complexity of monitoring distributed systems. Metrics for
evaluating the efficiency of serverless information systems are systematized, and
open problems requiring further research and optimization are identified.

The second chapter is devoted to the analysis of architectural solutions for
serverless computing and the development of a framework architecture for
distributed data processing. It examines the role of event-driven architectures in
building intelligent systems on cloud platforms and presents a comparative
analysis of the main communication patterns. The choice of a message queue
system as the core architectural component for asynchronous distributed data
processing is justified by its ability to buffer requests and smooth peak workloads.
A detailed comparative analysis of approaches to real-time communication is also

provided. The limitations of reactive scaling, particularly cold starts and



unpredictable delays, are identified, which confirms the importance of developing
proactive scaling algorithms based on workload prediction.

The third chapter develops a mathematical model of a serverless
information system as a heterogeneous queueing system with mixed operating
modes and proposes methods for estimating its key parameters. The properties of
the task-stream mixture model, formed as a combination of independent non-
homogeneous Poisson processes, are investigated, and its differences from the
classical Markov-Modulated Poisson Process are established. A necessary and
sufficient condition for the boundedness of the queueing system is established, and
limiting results for the queue-length process under the averaging and diffusion
approximation schemes are derived within the framework of semi-Markov random
evolutions, based on the theory of Markov chains and semi-Markov processes. A
method for estimating the parameters of the input-process mixture based on the
EM algorithm and AWS platform metrics is developed. In addition, an algorithm
for parametric estimation and optimization of the serverless system configuration
i1s proposed. Unlike machine-learning- and neural-network-based approaches, it
relies on analytical estimates, enabling explicit prediction of optimal parameters
without requiring large training datasets.

The fourth chapter presents the practical verification of the theoretical
results and the implementation of the proposed software for optimizing serverless
computing on the AWS cloud platform. In the first experiment, predictive
autoscaling based on DeepAR neural networks was studied; on real-world datasets,
it reduced the number of cold starts by 27% and the number of unprocessed
requests by 14%, while also revealing limitations of the approach, especially the
need for large volumes of historical data for model training. In the second
experiment, predictive autoscaling based on the analytical model with semi-
Markov processes was investigated, resulting in a 25.8% increase in processing
speed and a reduction in cold starts to 3%. In the third experiment, a Monte Carlo
simulation of the intelligent system was carried out, confirming the advantages of

the task-stream mixture model. The results of the data mining showed that the



analytical model outperforms the machine-learning-based approach in the main
performance indicators, provides quality-of-service guarantees, and confirms the
effectiveness of the developed information technology and software for serverless
computing optimization.

The conclusions summarize the dissertation's main results.

The appendices contain scientific publications reflecting the main scientific
results of the work, information on the approbation of the dissertation results,
including acts and certificates of implementation, and a partial listing of the
software code.

The proposed information technology for predictive autoscaling, which
enables provisioning computing resources on a cloud platform in advance, is used
by Finker Finance B.V. and Individual Entrepreneur S. 1. Verbytska. The
theoretical and practical results of the study are also used in the educational
process of the Departments of Mathematical Problems of Control and Cybernetics
and Software of Computer Systems at Yuriy Fedkovych Chernivtsi National
University.

Keywords. information technology, cloud platform, optimization, model,
algorithm, machine learning, neural networks, artificial intelligence, queuing
system, intelligent system, data mining, Markov and semi-Markov chains,

forecasting, dataset, software.
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