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AKTyaJbHICTh TeMH. AKTyanbHICTh TemH "OnTumizalliss BUKOPUCTaHHS
OOYHCITIOBATILHUX PECYPCIB Y OIEpalisix MAIIMHHOTO HAaBYaHHA" HE MOXe OyTH
MEPEOIIHEHA Y CYyYaCHOMY CBITI IIBUJIKOTO PO3BUTKY TEXHOJOT1M. ¥ KOHTEKCTI
CTPIMKOT'O 3pOCTaHHS OOCSTIB JaHUX Ta IMOCTIMHOTO YCKIQIHCHHS MOJCIICH
MaIlMHHOTO HABYAaHHS, BHHHKA€ HarajgbHa 1oTpeda B e()EKTUBHOMY
BUKOPUCTaHHI OOYMCIIOBAIBHUX pecypciB. Onrumizamis LOUX pecypeiB €
KIIFOUOBUM €JIEMEHTOM IS TOCATHEHHS! BUCOKOI MPOAYKTUBHOCTI, TOYHOCTI Ta
€KOHOMIYHOI €(DEKTUBHOCTI B MPOLIECAX MAITMHHOTO HAaBYaHHSI.

3 oAy Ha BHCOKI BUMOTH JI0 OOYHCIIOBAIBHOI MOTYKHOCTI, HEOOX1THO1
JUIsl TPEHYBaHHS Ta BUKOPUCTAHHS MOJIEJICH MAaIlMHHOTO HaBYaHHS, OCOOJIMBO
aKTyaJIbHUM CTa€ MUTAHHS ONTHUMI3aIlii BUKOPUCTAHHS PECypCiB IS 3HIKCHHS
BapTOCTI Ta 30UIbIICHHS €()eKTUBHOCTI 00UUCIIIOBAILHUX TIpolieciB. L Tema mae
BEJIMKE 3HAYEHHS JUIsl PO3POOHMKIB, HAYKOBIIB, @ TaKOX Ui KOMEPIIHHUX
oprasizaiiiif, siKi IIyKarTh CIIOCOOM MaKCUMAaJIbHO €()eKTUBHOTO BHKOPUCTAHHS
O0YMCITIOBATILHUX PECYPCIB.

BpaxoByroun mBUIKE 3pOCTaHHS KIIBKOCTI JaHUX Ta iX CKJIAIHOCTI, a
TaKOK ITOCTIHiHE OHOBJICHHS 1 BAOCKOHAJIEHHS TEXHOJIOT1M MalllMHHOI'O HAaBYaHHS,
ONTHUMI3allisl OOYMCIIOBAIILHUX PECYypCiB € BaXKJIMBUM  HANpsIMKOM Y
JOCJIIKEHHSX 1 MPAKTUYHUX 3aCTOCYBaHHAX. Lle He TUTbKU crpusi€ MiABUIIICHHIO
e(eKTUBHOCTI BUKOPUCTAHHS TEXHOJIOT1H, ajie i BIIKPUBAE HOBI MOMIIMBOCTI JJISI

IHHOBAIIMHUX PIIIEHb y rajdy3l MTYYHOTO 1HTEJEKTY Ta MATUHHOTO HAaBYaHHSI.
O06’ekTOM A0CTIIZKEHHS € oTieparlii MaITMHHOTO HABYAHHS.

IIpeameTom gocCaiIKeHHS € ONTUMI3allisi BUKOPUCTAHHS PECYpPCiB, TAaKUX
aKk o0car cxosuma, ytumizamiss GPU, kuibkicTh MepexeBoro Tpadiky Ta

IIBUJIKOJIIS Y OIepallisiX MalllMHHOTO HaBYaHHS

MeTta po0oTH: aHaji3 ICHYIOUHMX MPOrpaMHHMX Ta 1HQPACTPYKTYpPHHUX
pillieHb /10 HAaBYaHHS MOJIEJICH; BUSIBJICHHS I1X IEpeBar 1 HEJOJIKIB; IMOIIYK

BY3bKMX MICIlb;, aHajli3 BHUKOPUCTAHHA PECYPCiB; CTBOPEHHS 3aco0iB s
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YCYHEHHsI BaJl ICHYIOUMX PIIICHb Ta MOKPAIIEHHS TPOIyKTUBHOCTI; JOCI1KEHHS

CTBOPEHUX 3aC001B y OJIM3bKOMY JI0 PEATbHOTO CEPEIOBHILII.

HaYKOBa HOBM3HA I10JIsTa€ B HACTYITHOMY::

1.

3anponoHOBaHO CTPATETII0 ONTUMI3AIIl YIPABIIHHS BEJIUKUMU
JTaHUMU B OTIEPAIlisiX MATHHHOTO HaBYaHHS.
Po3pobneno  cmoci®6 — onTumizariii  MIBUAKOCTI  OTPUMAaHHS

H&HiBCTpYKTYpOBaHI/IX JaHUX B onepauiﬂx MAallTMHHOI'O HaBYaHHA.

IIpakTUYHA HiHHICTH BUSBISIETHCS B KIJTBKOX KIIFOYOBUX acCHEKTax:

1.

Iokpamenns edeKTUBHOCTI 00poOKHM JaHMX: 3a JONOMOTOIO
ONTUMI30BAaHOTO YIIPABJIIHHS BEJIUKUMU JTaHUMHU 3a0€3MeUyeThCs
edexTuBHIMA 00poOKa Ta aHali3 JaHUX, L0 € BAXKIWBUM IS
HIBUAKOTO Ta TOYHOTO OTPUMAHHSA pE3yJbTaTiB Y MAIIUHHOMY
HaBuaHHi. [le 0coOMMBO BaXJIMBO MJisi MPOEKTIB, sIKI OOPOOISIOTH
BEJIUKI OOCSTH JIaHUX.

3MeHIIIeHHs1 Yacy HaBYaHHs mojeseii: Onrumizaliis MBUIKOCTI
OTPUMaHHS HAMIBCTPYKTYPOBAHUX JIAHUX CIPHUSE CKOPOUYCHHIO
yacy, HeoOX1HOTO JiJIsl HaB4aHHs Mojeneil. [lIBuake 3aBaHTakeHHS
Ta 00poOKa TaHUX BEJIE /10 3HWKEHHS 3aTAJIbHOT'O Yacy BUTPAUYECHOTO
Ha TPCHYBaHHSI Ta TECTyBaHHS MOJICIICH.

3HMKEHHSI BUTPAT Ha o0uYMcawBadbHI pecypcu: EdextuBHe
YOPABIIHHS BEIUKUMHU JAaHUMH MOJKE TPHU3BECTH JI0 3MEHIICHHS
HaBaHTaXCHHS Ha OOYUCIIIOBAIBHI CHCTEMH, 1110 B CBOIO YEPT'y BeJIC
n0 omntumizarii BuTpar. lle BkiIrOYae 3MEHIIEHHS MOTPeOU Yy
BUCOKOMNPOIYKTUBHUX OOYHUCITIOBAIBLHUX peCcypcax Ta 3HUKEHHS
BapTOCTI 30€epiraHHs JaHUX.

IlixBUIIEHHA THYYKOCTI Ta MacmTadoOBaHOCTI: 3ampoOIroHOBaHI
CTparterii T03BOJSIOTh MIABUUIMTH THYUYKICTh Ta MaclITa0OBaHICTb
IpOIIECiB  MAIIMHHOTO HABUYaHHA, 3a0e3MeYyrdr MOXKIUBICTh
e(eKTUBHO MpaIlOBATH 3 PI3HUMU BHUJAMHU JIAHUX Ta B PIZHUX

maciiradax.
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5. IHoaimmenns sikocti g1anux: ONTUMI30BaHE YIpPaBJIiHHS JaHUMH
TaKOX CIPHUSIE MIABUIIEHHIO KOCT1 BX1JHUX JaHUX, 1110 € KPUTUYHO
BOXJIMBUM JUII TOYHOCTI MOJEIEH MAIIMHHOIO HaBYaHHS.
Bunanenns mymiB, HenmoTpiOHMX abo0 AyOJIOYUX JaHUX €

KJIFOYOBHUM JIs1 TI1IBUILICHHS €(DEKTUBHOCTI TPEHYBaHHS MO/IETIEH.

[li cTparerii € HaA3BUYAWHO BAXKIWBUMHU I PO3BUTKY MAITUHHOTO
HABYaHHS, OCKUTBKH BOHHU CIPHSIOTH CTBOPEHHIO OUTBII MOTYXHUX, TOUHUX Ta
eeKTUBHUX MOJIEIICH, SIKI MOXKYTh BUPIITYBATH CKJIAIHIIII 3aB/IaHHS 3 MEHIITUMHU

BUTpPATaMH PECYpPCIB.

Anpobauis po6oru. OCHOBHI TOJIOXKEHHSI 1 pe3yJbTaTh poOOTH Oyiau
MpeCTaBlIeHl Ta 0OTOBOPIOBAJIMCh HAa HAayKOBiM KOH(EpeHIlli MaricTpaHTiB Ta
acripanTiB «lIpuknaana matemaTtuka ta komn totuHr» [IMK-2023 (Kuis, 28-30

mucronana 2023 p.).

CrpykTypa Ta o0car podoTu. Marictepchka AUcCepTallis CKIaIa€Thes 3
BCTYIYy, TPhOX PO3/1JIIB Ta BUCHOBKIB.

Y ecmynnomy po3aiil MaricTepchkoi AUcepTallii peTeabHO PO3TISIAETHCS
aKTyaJbHICTh Ta BaXKJIMBICTh ONTHMI3allli BUKOPUCTAHHS OOYMCITIOBAIBHUX
pecypcCiB y Cy4acHHX IpoIllecax MAIIMHHOTO HaB4YaHHS. BeTym migkpecitroe, mo
31 3pOCTaHHSAM OOCSTIB JaHUX Ta CKIIAJIHOCTI MOJEJICH MaIlMHHOTO HAaBYAHHS,
e(peKTHUBHE YINpPaBIIHHA OOYMCIIOBAIBHUMHU pPECypcaMH CTAa€ KIHOYOBHUM
dbakTopoM ISl JOCSTHEHHS OUTbINOI €(pEeKTUBHOCTI, TOYHOCTI Ta €KOHOMIYHOL
BUTO/IU B 111M Tairy3i. Y BCTYIIl TaKOXK HATrOJOIIYETHCS HA 3pOCTAl0YOMY 1HTEpeCi
JI0 11i€1 TEMU Y HAyKOBIM CHIJIBHOTI Ta HEOOX1HOCTI PO3POOKHU HOBHUX MIJIXO/IB
Ta TEXHIK JJI BUPIIICHHS aKTyaJbHUX BUKIIUKIB.

Y  nepwomy po30ini TPOBOAUTHCA TIMOOKWN aHa3 MNpOOJIEeMaTHKH,
NOB'A13aHOI 3 BUKOPUCTAHHSAM PECYpPCIB y MAIlIMHHOMY HaBYaHHI Ta iX HACIIJIKIB.
Po3nin moumHaeThCS 3 OISy OCHOBHHMX MOHSTH, IO CTOCYIOTHCSA OTEpalliid

MaIllMHHOTO HaBYaHHs, BKJIFOYAIOUH iX CKJIaJ0B1, chepHu 3aCTOCYBaHHS, Ta POJIb Y
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€KOHOMIYHOMY PO3BUTKY Ta CycHUIbCTBI. Jlami po3riisnaroThCsi KOHKPETHI
npoOiemMu, siIKi BUHUKAIOTh y MPOLECI BUKOPUCTAHHS PECYpPCiB, BKIIOYAIOYU
1H(GPACTPYKTYpHI CKIAAHOII Ta BUKIWKH, TMOB'A3aHI 3 pOOOTOIO 3 JaHUMHU.
OcoOnuBa yBara NpUIUISETHCA aHaNi3y BUKOPUCTAHHSA PECYpCiB MiJ dac
TpPEeHyBaHHS MOJIEJIel MAIIMHHOTO HaBYaHHSA, a TaKOX 3aco0aM OIIHIOBaHHS Ta
MOHITOPUHTY IHX MporieciB. Po3/ia 3aBepiryeThesi OTISA0M ICHYIOUHUX PIIICHb
JUIsL  ONTUMI3AIlll BUKOPUCTaHHS OOYHMCIIOBAJIBHUX PECYpPCIB, BKIIOYAIOYU
amapaTH1, MEpEKeBl Ta MPOTrpaMHi PIllICHHS, Ta PO3IJISAa€ HETaTUBHI HACTIIKU
BIJICYTHOCTI OIITHMIi3aIlii.

Y  Opyeomy po30ini neTanbHO PO3TISJAIOTBCS 3acO0M  ONMTHUMI3allii,
COpSIMOBaHI Ha YJOCKOHAJIEHHS MpPOLECIB YNPABIIHHA BEJIMKUMHU JaHHUMH Ta
MiJBHUINCHHS €()EKTUBHOCTI OTPUMAHHS HAIIBCTPYKTYpPOBaHUX MaHUX. Po3main
BKJIIOYA€ KOMIUIEKCHUI aHalli3 CTpaTerid, skl MOXyTb OyTH 3aCTOCOBaH1 IS
eeKTUBHOTO 30epeKeHHS, 0OpPOOKH Ta BUKOPUCTAHHS BEJIMKUX OOCSTIB JaHUX Y
MalIMHHOMY HaB4aHHI. OcCOOJMMBUNA aKIEHT pOOUTHCA Ha acleKkTax, sKi
BIUTMBAIOTh Ha MPOAYKTUBHICTh OOYHCITIOBAIbHUX CHCTEM, BKIIOYAIOYH METOIU
3MEHIICHHS KOMYHIKAIIMHUX 3aTPUMOK Ta MIAXOAU JI0 CTPYKTypHU3allii
HECTPYKTYPOBAHUX JaHUX. TaKoX y IIbOMY PO3/I1JI1 PO3IJISAAI0ThCS IHHOBAIlIHHI
CTpaterii JJis CTBOPEHHS MacIITaboBaHOI 1HPPACTPYKTypH Ta €(PEKTUBHOTO
BUKOPHUCTAHHS PECypCiB MiJ] Yac TPEHYBaHHs MOJIeNiei MalllMHHOTO HaBYaHHS, 1110
BKJIFOYAE aHAJ3 PI3HUX TEXHIYHUX Ta METOJOJOTTUHHX MiAXOMIIB.

Y mpemvomy po30ini 3MIACHIOETbCS aHANI3 PE3yJIbTATIB, OTPUMAHUX BIT
3aCTOCYBaHHS PO3POOJIECHUX METOJIIB ONTHUMI3allii. Po3ain mounHaeThCs 3 ONUCy
IPOBEICHUX EKCIIEPUMEHTIB Ta METOJO0JIOTlI BUMIPIOBAaHHS METPHK, SKi
BUKOPUCTOBYIOTHCA IS OIIHKA €()EeKTUBHOCTI 3alpONOHOBAHUX pimneHb. [lami
MO/IA€ThCS JIETATbHUNA OMUC KOMIIOHEHTIB Ta PO3POOJICHUX pIlIeHb, SKI Oyiu
BUKOPUCTaHI B XOJl €KCHEPUMEHTIB. Y LbOMY PO3JUIl TAaKOXK MPOBOJUTHCS
rTMOOKUN aHaji3 OTPUMAaHUX Pe3yJIbTaTiB, BKIIOYAIOYH OIIHKY €(EeKTHBHOCTI
pi3HUX cTparterii ontumizamii. OcoOnuBa yBara NPUAUISIETHCS MOPIBHSIHHIO

3allPOMIOHOBAHUX MIAXOAIB 13 ICHYIOUMMHM PIIICHHSIMH, 00 BHU3HAUUTH iX



nepeBaru Ta Hemouiku. lle BKitouae aHaii3 BIUIMBY ONTHUMIZAIIMHUX CTpaTeTii
Ha IIBUAKICT OOpOOKM JaHUX, KOMYHIKAlldHI 3aTpUMKH, BUTpaTH Ha
O0OYMCIIIOBAJIbHI PECYPCH Ta 1HI KPUTHYHO BaXJIMBI HApAMETPHU.

YV eucmoeéxkax miAcyMOBaHa BaXJMUBICTh Ta BHECOK IIPOBEJIEHOIO
JOCIIIJKEHHSI B 001acTi onTUMI3alii O0YHCIIOBAIBHUX PECYpPCIB MAIIMHHOTO
HaBYAHHS.

PoGoTa mpencraBiena Ha 87 apkymiax, MICTHTh IOCHJIAHHS Ha CITHCOK

BUKOPUCTAHUX JITEPATYPHUX JHKEPEIL.

Karouogi cioBa: onepanii mamuaHOr0 HaBuanus, MLOpS, Benuki gasxi, Big

Data.



ABSTRACT
Relevance of the topic. The relevance of the topic "Optimizing the use of

computing resources in machine learning operations" cannot be overestimated in
today's world of rapid technological development. In the context of the rapid
growth of data volumes and the ever-increasing complexity of machine learning
models, there is an urgent need for efficient use of computing resources.
Optimizing these resources is a key element in achieving high performance,
accuracy and cost-effectiveness in machine learning processes.

Given the high demands on computing power required to train and use
machine learning models, the issue of optimizing the use of resources to reduce
the cost and increase the efficiency of computing processes is becoming
particularly relevant. This topic is of great importance for developers, researchers,
and commercial organizations looking for ways to maximize the efficient use of
computing resources.

Given the rapid growth of data and its complexity, as well as the constant
updating and improvement of machine learning technologies, optimisation of
computing resources is an important area of research and practical applications.
This not only helps to increase the efficiency of technology use, but also opens up
new opportunities for innovative solutions in the field of artificial intelligence and

machine learning.
The object of the study is machine learning operations.

The subject of the study is the optimization of usage of resource such as
storage capacity, GPU utilization, network traffic, and performance in machine

learning operations.

The aim of the work is to analyze existing software and infrastructure
solutions for model training; identify their advantages and disadvantages; find
bottlenecks; analyze resource usage; create tools to eliminate the shortcomings of
existing solutions and improve performance; and test the created tools in a close-

to-real environment.



The scientific novelty is as follows:

1.

A strategy for optimizing big data management in machine learning
operations is proposed.
A method for optimizing the speed of obtaining semi-structured data

in machine learning operations is developed.

The practical value is manifested in several key aspects:

1.

Improved data processing efficiency: Optimized big data
management enables more efficient data processing and analysis,
which is essential for fast and accurate machine learning results. This
Is especially important for projects that process large amounts of
data.

Reduced model training time: Optimizing the speed of semi-
structured data acquisition helps reduce the time required to train
models. Fast data loading and processing results in a reduction in the
overall time spent on model training and testing.

Reduce the cost of computing resources: Effective big data
management can lead to a reduction in the load on computing
systems, which in turn leads to cost optimisation. This includes
reducing the need for high-performance computing resources and
lowering the cost of data storage.

Increase flexibility and scalability: The proposed strategies
increase the flexibility and scalability of machine learning processes,
providing the ability to work effectively with different types of data
and at different scales.

Improved data quality: Optimized data management also helps to
improve the quality of input data, which is critical to the accuracy of
machine learning models. Removing noise, unnecessary or duplicate

data is key to improving the efficiency of model training.



These strategies are crucial for the development of machine learning, as they
contribute to the creation of more powerful, accurate, and efficient models that

can solve more complex problems with fewer resources.

Work approbation. The main provisions and results of the work were
presented and discussed at the scientific conference of undergraduate and
postgraduate students "Applied Mathematics and Computing"” PMC-2023 (Kyiv,
28-30 November 2023).

Structure and scope of the work. The master's thesis consists of an
introduction, three chapters and conclusions.

The introductory chapter of the master's thesis thoroughly discusses the
relevance and importance of optimizing the use of computing resources in modern
machine learning processes. The introduction emphasizes that with the increasing
amount of data and complexity of machine learning models, efficient management
of computing resources is becoming a key factor in achieving greater efficiency,
accuracy and economic benefits in this field. The introduction also emphasizes
the growing interest in this topic in the scientific community and the need to
develop new approaches and techniques to address current challenges.

The first chapter provides an in-depth analysis of the issues surrounding the
use of resources in machine learning and their implications. The chapter begins
with an overview of the basic concepts related to machine learning operations,
including their components, applications, and role in economic development and
society. It goes on to discuss the specific challenges that arise in the process of
resource utilization, including infrastructure and data challenges. Particular
attention is paid to the analysis of resource utilization during machine learning
model training, as well as to the means of evaluating and monitoring these
processes. The chapter concludes with an overview of existing solutions for
optimizing computing resource utilization, including hardware, networking, and
software solutions, and discusses the negative consequences of a lack of

optimization.



The second section discusses in detail optimisation tools aimed at improving
big data management processes and increasing the efficiency of semi-structured
data. The chapter includes a comprehensive analysis of strategies that can be
applied to efficiently store, process, and use large amounts of data in machine
learning. Particular emphasis is placed on aspects that affect the performance of
computing systems, including methods for reducing communication latency and
approaches to structuring unstructured data. This chapter also discusses
innovative strategies for creating scalable infrastructure and efficient resource
utilization when training machine learning models, including an analysis of
various technical and methodological approaches.

The third section analyzes the results obtained from the application of the
developed optimisation methods. The section begins with a description of the
experiments conducted and the methodology for measuring the metrics used to
evaluate the effectiveness of the proposed solutions. This is followed by a detailed
description of the components and developed solutions used in the experiments.
This section also provides an in-depth analysis of the results obtained, including
an assessment of the effectiveness of various optimisation strategies. Particular
attention is paid to comparing the proposed approaches with existing solutions to
identify their advantages and disadvantages. This includes an analysis of the
impact of optimisation strategies on data processing speed, communication
latency, computing resource costs, and other critical parameters.

The conclusions summarize the importance and contribution of the study in
the field of machine learning computing resource optimisation.

The paper is presented on 87 pages and contains references to the list of used

literature.

Keywords: machine learning operations, MLOps, big data, Big Data.



