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AKTyaJIbHICTh TeMH. Y cydacHy HU(POBY €MOXY KIIbKICTh JaHUX, IO
reHepyIOThCsA, 3pOcTac B TeOMETpMuHill mporpecii. Ix amamis e mysxe
BaYKJIMBUM, OCKUJIBKH JIOTIOMAarae npuiMaTu oOIpyHTOBaHI PillIeHHS, BUSBIIATU
TEHJIEHITIi Ta 3aKOHOMIPHOCTI, a TaKOX JUIsi BHSIBICHHS HOBHX Oi3Hec-
MO>KJIMBOCTEH, MOKpAILIEHHS OOCIyrOBYBAaHHS KJIIEHTIB Ta pO3pOOKH HOBHX
npoayKTiB 4K mocayr. lle cTBoproe HaraibHy moTpeOy B €hEeKTUBHHX 1
MacHITaboOBaHUX MeTogax OOpOOKM Ta aHali3y BEIMKUX OOCATIB JaHMX.
YacoBi psau € BaXJIMBUM TUIOM JaHUX AJis O13HECY, OCKUIBKM BOHM JAlOTh
YSBJIEHHS MPO TEHAEHIIT Ta 3aKOHOMIPHOCTI, SIKI MOXYTbh OyTH BUKOPHCTAaHI
JUISl TIPOTHO3YBAaHHS Ta NPUUHATTS pillleHb. Y poOOTI MPOBOIUTHCSA aHAII3
croco0iB 1 3aco01B PO3MOALIEHOT 0OPOOKM Ta MPOTrHO3YBAHHS YaCOBUX PSJIiB
Ha kiactepl. IligBumeHHs iX e(EeKTUBHOCTI € akTyaJlbHHUM B Talys3l
po3apiOnaoi TopriBii. IlignpueMcTBa po3apiOHOI TOPTiBII TEHEPYIOThH
BEJIMYE3HI OOCITM JaHUX YacCOBUX PSAAIB 3 PI3HUX JIKEPEN, BKIIOYAIOYH
omneparii Npoaxy, piBeHb 3anaciB Ta iH(HOpMaIlilo PO MOBEIIHKY KIIIEHTIB.
[IBuaka Tta epexTrBHa 0OpOOKa ICTOPUYHUX JAHUX HANACTh 3MOTY POOUTH
TOYHI MPOTHO3M TMPOJAXKIB 1 MONUTY, L0 B CBOIO YEPry JO3BOJIUTH
MIPUEMCTBAM ONTUMI3yBaTH PIBEHB 3aMaciB 1 MIABUIIUTH JTOX1/I.

HaiimonynapHimmM Ha  ChOTOAHI  PIMIEHHSAM €  BHKOPUCTAHHSA
IHCTPYMEHTIB Ta ITIIX0/IIB, 1110 HAJAI0Th XMapHI1 cepBicH. [IpoTe, Take pilieHHs
HEJI0CTaTHBO THYYKE 1 moTpedye ckiaaHoi iHTerpamii gaHux. ToMmy icHye
norpeda B JIETKOMACIITAa0OBAaHUX Ta THYUYKHX 3aco0ax i pO3MOJLICHOI
00pOOKH YaCOBUX PSIIIB.

MeTtow € miagBUIEHHS €()EKTUBHOCTI aIrOpPUTMIB OOPOOKH YaCOBUX

PAIIB LUISIXOM BUKOPUCTAHHS PO3MOJIIJIEHUX OOYKCIIEHb Ha KJlacTepi.

O006’exkToM focCTaiTzKeHHs1 € O00poOKa BENUKHX OOCATIB JaHUX 3

BUKOPHUCTAHHAM KJIACTCPHUX CHCTCM.



IIpeamerom aocCaiTzKeHHsI € CHOCOOM Ta QJITOPUTMHU PO3IMOIIECHOT

00pOOKHM 9acOBUX PSI/TIB B KJIACTEPHUX CHCTEMAX.

HaykoBa HOBH3HA 10JISITa€ B HACTYITHOMY:
1. 3ampornoHOBaHO HOBUH aIrOpUTM JIsi 0OPOOKH YaCOBHX PSAIB 3
BUKOPHUCTAaHHSAM TIPOCKIIM OaraTOBUMIPHHUX MAaCHBIB, IIO
J03BOJIUTh CYTTEBO 3MEHIIUTH 4Yac iX 0OpoOku Ta 00’emu
BUKOPHUCTOBYBAHOI JJIsI 0OUMCIICHD I1aM’ SITi.
2. 3anmporoHOBaHO  MOJU(IKAIiI0  ICHYIOUMX  aQJITOPUTMIB
MPOTHO3YBAHHS YAaCOBUX PSAIB JJISl PO3MOJIJICHOTO BUKOHAHHS
Ha KJacTepl NUISIXOM BUKOPUCTaHHS CHUHXPOHHOTO HAaBYaHHS
MOZEIEN.
3. BukonaHo mporpamHy peaiizaiito 3anporoHOBaHUX aJITOPUTMIB
00poOKH Ta MPOTHO3YBAHHS, sIKA JJOBOJUTH X €()EKTUBHICTb.
IlpakTHyHa WiHHICTB: 3amMPOINOHOBAHI B JUCEpPTallli AJTOPUTMHU Ta
3aco0M PO3MOJIIJIEHOI OOPOOKH JO3BOJISATH CYTTEBO 30UIBIIUTH IIBUAKICTH
00pOoOKM BEIMKOI KITBKOCTI 4acoBUX psaiB. lle crpusrume MiIBUIICHHIO
e(EeKTUBHOCTI MPOTHO3YBaHHS Yy 0Oaratbox ramy3sx: (piHAaHCOBOMY
MPOTHO3yBaHHI, IMPOTHO3YBaHHI TMOINHWTY Ha EHEPrilo, MPOTHO3YBaHHI
npoaaxiB B cdepl po3aApiOHOI TOPriBiIi TOIIO. PO3p0o0iaeH1 airopuTMu MOXYTh
OyTH JIETKO 1HTErpoBaHI B MPOTrpaMHi 3acO0M JJisl PO3MOJLIEHOT 00pOoOKH 1
NPOTHO3YBAaHHS YacOBUX Ps/IiB, HAJAl0YM KOPUCTyBadyaMm 3pydHi 1

MaciTaboBaH1 IHCTPYMEHTH.

Anpobania po6oru. OCHOBHI TMOJOXKEHHS 1 pe3yiabTaTH pPoOOTH
MPEACTABICHO Ta OOroBOprOBaioch Ha XV HayKoBiid KoH(]epeHiii
MaricTpaHTiB Ta acnipaHnTiB «I [pukiiagna maTemarrka Ta komn toTuH» [IMK-
2022 (Kwuis, KIII, ®I1M, 16-18 nucronmama 2022 p.) Ta Ha 89 MiKHAPOAHIMI

HAyKOBIA KOH(EpEeHIii MOJIOAUX YUYEHUX, acHipaHTiB 1 cTyAeHTiB «HaykoBi



3100yTKH MOJIOJII — BUPIIICHHIO TTpo0JieM XapuyBaHHs jroacTBa y XXI cT.»

(Kuis, HYXT, 3-7 kBiTas 2023 p.).

Ctpykrypa Ta o6csar podoTu. Maricrepcbka aucepralis CKIa1aeThes 3
BCTYITy, YOTUPHOX PO3ALTIB Ta BUCHOBKIB.

Y ecmyni HamaHo OIIIHKY Cy4YaCHOTO CTaHy MpoOJjeMH, HaBeICHO
OOTpYHTYBaHHS ~ aKTyaJbHOCTI  HampsiMy  JOCHIUKEHHS, a  TaKoOX
(dopMyITtOBaHHS METHU Ta 3aBIaHb TOCIIKCHHS.

Y nepwomy po30ini NOCHIKEHO ICHYIOUl crocoOu 1 3acol0u st
PO3MO/I1JIEHOT 0OPOOKH TaHUX YaCOBHX PsiB, BUSBJICHO OCHOBHI IepeBaru Ta
HEJI0JTIKH, BU3HAYEHO MIJISTXH 1X BIOCKOHAJICHHS.

Y opyeomy po30ini po3riiiHyTO OCHOBHI TEXHOJIOT1I, criocoOu Ta 3aco0u
JUIst poOOTH 3 BeTUKUMH oOcsramu nanux. [IpeactaBieHO CydacHi MiIXOIU
JUTSI pO3IIOAICHOTO TIMOMHHOTO HaBYaHHSI.

Y mpemvomy po30ini npencTaBieHO OMKUC 3alPONOHOBAHOTO AJITOPUTMY
JUISL MIATOTOBKM JAaHMX Ta MOJM(DIKOBAHUX AJITOPUTMIB IPOTHO3YBAHHS
gacoBuX psAiB. HagaHo 3aranpHuil miAxXix A0 TporpamMHoi peamizaiii
aITOPUTMIB.

YV uemeepmomy po30ini NOCHiIXKEHO €(EeKTUBHICTh 3alpONOHOBAHUX
aNropuTMiB OOPOOKH Ta MPOTHO3YBAHHS YaCOBUX PAJIIB HA KJIacTepl.

V sucnoexax mpeacTaBieHi pe3yabTaTH MPOBEACHOT pOOOTH.

Po6ora mpeacrasinena Ha 90 apkymrax, MICTUTh TTOCHJIAHHS Ha CITHCOK

BUKOPHUCTAHUX JIITEPATYPHUX JIPKEPE.

Karw4yoBi cjoBa: Benuki J1aHi, KjacTep, 4YacoBl PsIM, PO3MOJiJIeHA

00poOka, MPOTHO3YBaHHS.



ABSTRACT

Actuality of theme. In today's digital age, the amount of data generated
Is growing exponentially. Analyzing it is very important as it helps to make
informed decisions, identify trends and patterns, as well as to identify new
business opportunities, improve customer service, and develop new products
or services. This creates an urgent need for efficient and scalable methods of
processing and analyzing large amounts of data. Time series are an important
type of data for business because they provide insights into trends and patterns
that can be used for forecasting and decision-making. This paper analyzes ways
and means of distributed processing and forecasting of time series on a cluster.
Increasing their efficiency is relevant in the retail industry. Retailers generate
huge amounts of time series data from various sources, including sales
transactions, inventory levels, and information about customer behavior. Fast
and efficient processing of historical data will enable accurate sales and
demand forecasts, which in turn will allow businesses to optimize inventory
levels and increase revenue.

The most popular solution today is to use tools and approaches provided
by cloud services. However, this solution is not flexible enough and requires
complex data integration. Therefore, there is a need for easily scalable and

flexible tools for distributed time series processing.

The goal of the work is to improve the efficiency of time series
processing algorithms by using distributed computing on a cluster.

The object of research is the processing of large amounts of data using

cluster systems

The subject of the study are methods and algorithms for distributed time

series processing in cluster systems.



The scientific novelty:
1. A new algorithm for processing time series using projections of
multidimensional arrays is proposed, which will significantly reduce

the processing time and the amount of memory used for computing.

2. The modification of existing time series forecasting algorithms for
distributed execution on a cluster by using synchronous model training

IS proposed.

3. The software implementation of the proposed processing and

forecasting algorithms is carried out, which proves their effectiveness

Practical value: the algorithms and distributed processing tools proposed
in this thesis will significantly increase the processing speed of a large number
of time series. This will help to improve the efficiency of forecasting in many
industries: financial forecasting, energy demand forecasting, retail sales
forecasting, etc. The developed algorithms can be easily integrated into
software tools for distributed time series processing and forecasting, providing

users with convenient and scalable tools.

Approbation of work. The main provisions and results of the work were
presented and discussed at the XV scientific conference of undergraduates and
graduate students "Applied Mathematics and Computing” PMC-2022 (Kyiv,
November 16-18, 2022) and at the 89th International Scientific Conference of
Young Scientists, Postgraduates and Students "Scientific Achievements of
Youth — Solving the Problems of Human Nutrition in the XXI Century" (Kyiv,
April 3-7, 2023).

Structure and scope of work. The master's thesis consists of an
introduction, four chapters, and a conclusion.

The introduction provides an assessment of the current state of the
problem, justifies the relevance of the research area, and formulates the

purpose and objectives of the study.



The first section examines the existing methods and tools for distributed
processing of time series data, identifies the main advantages and
disadvantages, and identifies ways to improve them.

The second section discusses the main technologies, methods and tools
for working with large amounts of data. Modern approaches for distributed
deep learning are presented.

The third section describes the proposed algorithm for data preparation
and modified algorithms for time series forecasting. A general approach to the
programmatic implementation of the algorithms is presented.

The fourth section investigates the effectiveness of the proposed
algorithms for processing and forecasting time series on a cluster.

The conclusion presents the results of the work.

The paper is presented on 90 pages and contains references to the list of
used literature sources.

Keywords: big data, cluster, time series, distributed processing,

forecasting.



