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AKTYaJbHICTh PO3pOOOK MAaTeMaTUYHOTO Ta MPOrPAMHOrO 3a0e3MeUeHHS
aHalli3y Ta aHCcaMOJEeBOrO MPOTHO3YBAHHSA YaCOBHMX PAJIB BUKIHMKAaHA MOTPEOOIO
MoOyI0BH SIKOMOTa OUIbIII TOYHUX MPOTHO3W II0JI0 MAaWOyTHIX 3HAYEHb PAIY 3a
JIOTIOMOT'OI0 aHaJi3y MUHYJIUX 3anuciB. OTris OCTaHHIX JOCIHIIKEHb MOKa3aB, 1110
ChOTOH1 aHCaMOJII MoJieNiel MMPOTrHO3YBAaHHS € OJIHUM 3 HAIPSIMKIB, 0 AKTUBHO
PO3BHUBAIOTHCSI, OCOOJMBO B THUX 3ajayax, JI€ MPOTHOCTUYHA TOYHICTH OLIBII
BKJIMBA, HI)K MOXIJIUBICTh 1HTEpHpETyBaTU MOjenb. [ moOyqoBU ajeKBaTHOI
IPOTHO3HOT MOJIEN AUHAMIYHOTO Psy HEOOXIIHUM € €Tam HOro mornepeaHboro
aHamizy. Ha 1mmpoMy Kporli BaXJIMBUM 3aBIaHHSIM € 1IeHTU]IKAIlsd aHOMaJbHHUX
3HAY€Hb YaCOBOTO psALy, a00 BUKUIIB. Taki 3HAUEHHS CYTTEBO BIAPI3HAIOTHCS BIJ
pEIITH PIBHIB PSAY Ta MOXKYTh HETaTUBHO BILUIMBATH Ha SIKICTh TOOY0BaHOI MOIEI
MPOTHO3YBaHHA a00 CBITYUTH TMPO TOSIBY HOBOTO IMA0JIOHY YU TPEHAY Y
JOCHIKyBaHOMY Tiporieci. ToMy po3poOka METO/IB Ta MPOrpaMHUX 3ac00iB, SIKi
JO3BOJISIIOTh  3HAXOAMTH  Takl 3HAYEHHS AaBTOMAaTUYHO Ta BUKOHYBATU
MIPOTHO3YBAHHS Yy PEKUMI PEaNbHOr0 yacy Ha0yBae 0COOIMBOT aKTyaJIbHOCTI.

HucepraiiitHa po0oTa copsiMOBaHa Ha PO3B’SA3aHHS HAYKOBO-TEXHIYHOI
3aladyl  poO3pOOKH MPOTPaMHOTO KOMIUIEKCY aHalizy Ta aHCcaMOJIEBOTO
MIPOTHO3YBAHHS PSAJIB JAUHAMIKH, KW MOXE BHUKOPHUCTOBYBATHUCS JIJISI PO3B’S3KY
IIMPOKOTO KOJia 3a/1a4, OB’ I3aHUX 3 aHAJII30M Ta 00pOOKOI0 JaHUX y (hiHAHCOBOMY
CEKTOpi, 00JacTi EKOHOMIKH, MEIWIIMHM Ta IHIIMX Taly3sX COIIaTbHOT
1H(GPaACTPYKTYpH.

B pobGoti po3pobneHo momudikaiiio aaropuTMy mNoOyAOBH aHCamOJIiB

Mojiesiel MPOTHO3YBAaHHS YacoBUX psAiB. [Ipu BukopucTanHi ancamOJIiB 0COOJIMBO



BOXKJIMBAM € THTAaHHS 3a0€3MEYeHHS] JOCTAaTHBOTO PI3HOMAHITTS MOJENeH
nporuo3yBanHs. [t po3B’s3Ky i€l 3a1adi peanizoBaHi MO 3 Pi3HUX KJIaciB, a
came MOJIeJIb HeUITKO1 JIOT1KH, aJalTUBHI MOJIE1 TPOTrHO3yBaHHs1, METO TPYIIOBOTO
ypaxyBaHHS apryMeHTIB, IMOIHTETPOBaHy MOJENIb  aBTOPETPecii-KOB3KOTO
cepeaaboro (ARIMA), Momenb CHHIYISpHOTO CIEKTpaJbHOro aHamizy (SSA).
3anponoHOBaHUM MiAXIJ JO3BOJISIE SIK 3HAXOAUTH ONTHUMAJIbHI MMapaMeTpu BUIIE
nepepaxoBaHUX MOJENe aBTOMAaTHYHO, TaKk 1 3MIHIOBaTH iX 3a JOMOMOTOIO
iHTepdeiicy nporpamu. AmnpoOaliiss METOAy MPOBOAMIACA HA YAaCOBUX psax, IIO
MPECTaBISIIOTH COOOI0 MIOICHHI KOJIMBAHHS IIH HA aKIlii MI>KHAPOJHUX KOMITaH1H.
BcTanoBneHo, 110 3aCTOCYBaHHS aHCAMOJIEBOTO METOJY JIO3BOJISIE IMIABUIIUTH
TOYHICTh MPOTHO31B Y 77.5% 4YacoBUX PSJIIB, Kl MJIATAIN aHamizy. Takox Oyio
MOKAa3aHo, 110 BUKOPUCTAHHA MapaleIbHUX OOYHUCIEHb € €(PEKTUBHUM PILIICHHSM,
SKE JI03BOJIIE CKOPOTUTH 4ac, HEOOXIAHUM aJisi TpeHyBaHHS mojenei, B 4.5-8.0
pasis.

3anponoHOBaHO HOBY, OaraToKpuTepialbHy METOAUKY BHOOpPY MOJENI
IPOrHO3YBaHHS JJIsl 4acOBOTO psiny. Ines miaxoay nossrae B OLIHIOBaHHI HE TUIBKU
SKOCT1 pe3yJbTaTiB MPOTHO3YBAaHHS Ta CKIJIAAHOCTI MOJIEINI, a ¥ POBEJICHHI aHaJi3y
3QJUIIKIB MOJIeNi. AJTOPUTM BIAOOPY ONTUMAJIBHOI MOJENI TPOTHO3yBaHHS
nependavae BUKOHAHHS JIBOX €TalliB: IPOBEIECHHS CTATUCTUYHUX TECTIB Ta HAJaHHS
PEUTHUHTIB 3a pe3yJbTaTaMu iX MpoxokeHHd. [lepimii etan BKIOYaE po3paxyHOK
cKoperoBaHoro iHgopmariiiiHoro kpurepiro sskocti Akaike (AICC) Ta BUKOHaHHS
aHami3y 3aJMILKIB MOOYJOBAaHOI MOJENl NPOTHO3YBaHHS, a came: NEPEBIPKY
PIBHOCTI CE€pPEIHBbOr0 3AJMILKIB HYJIO, BIACYTHOCTI F€TEPOCKETAHTHYHOCTI y Pl
3aJTMIITKIB, aBTOKOPEIISAIi Ta TeHeH ii. Po3pobiena MeToquka BUKOPUCTOBYETHCS
y mpoiieci nmoOynoBi aHCaMOII0 MPOTHO3YBAHHS Il MOOYI0BH KOMOIHOBAHOTO
nporHo3y. BcraHoBieHo, 1m0 TpH ii BUKOPHUCTAHHI JJI1 BUOOPY MOJIEIl YaCOBOTO
pSAIl BOAETBCS JOCATTA OUIBII TOYHMX TMPOTHO3IB, HIK TMPU 3aCTOCYBaHHI
CTaHJApTHUX METOJIB BIIOOPY, TAKUX SIK 1HGOpPMAILIiiHI KpUTepil AKOCcTI AKaike Ta
baiieca, cepeHpOKBaipaTHYHA Ta KBaApaTUYHA MOXHOKA y 67% 4acoBUX psiiax, 110

MJIJISATaIN aHaJi3Yy.



Po3po6neno HoBuit Meron iaeHTU(IKAIIl BHUKHAIB y YAaCOBHUX psAax.
3anponoHOBaHUH aTOPUTM HATA€ MOXJIMBICTh HE TITHKHM 3HAXOIUTH MICIISI TIOSIBU
aHOMAaJIbHMX 3HA4Y€Hb, a i BU3HAYATH 1X TUIL. METOl IPYHTY€EThCSI HA BAKOPUCTAHHI
aIaNTHBHUX MOJIENIEH TPOTHO3YBAaHHS, TaKOXX BIJOMHX IIiJT HAa3BOK MOJEII
EKCIIOHEHIIMHOTO 3Ta/PKyBaHHSA. AJanTUBHI MOJEN POTrHO3YBaHHS MAlOTh P
nepeBar Mpu anpoKcuMallii 3HaueHb PsAy, HEOOXIAHIM IJIi KOPEKTHOI poOoTH
METOJTy, @ caMe: HE HAKJIaJaloTh OOMEXEHb Ha JIOBXKUHY YacOBOTO PAIY, IIBHIKO
M1JJTAIITOBYIOTBCS 1T TUHAMIKY 3MIH 4acOBOTO DAY, HE MOTPeOYIOTh CKIIATHUX
MaTeMaTUYHUX 00YnCIeHb. J[JIs1 OLIHKK SKOCTI pOOOTH 3aIPOTIOHOBAHOTO METOIY
oyB mpoBenennii ROC-anani3 pe3ynbTariB MOAUTY 3HAYEHb PSAY Ha JIBa KIIACH:
HOpMaJIbHI 3HAUYCHHS Ta BUKUAW. PesynbTaTtu mokaszanu, mo 3HadeHHs AUC-ROC
Ha JIOCTI)KyBaHUX 4acOBUX psgax 3MiHIoeTbes Bij 0.848 mo 1.0, 1o cBIiIUUTH Npo
TOYHICTh pOOOTH METOAY MPH PO3Ii3HABAHHI aHOMAJILHUX PIBHIB psxy. Takoxk OyB
MIPOBEJICHUI aHAI3 CepeIHIX YACOBUX 3aTpaT, HEOOXITHUX JIJIi KOPEKTHOI poO0TH
Meroay. Ha Giabpmiocti AOCHIPKYBAHUX YaCOBHUX PSI/IIB 3alIPOIIOHOBAHOMY METOIY
3HAJIO0MIIOCS B CEPEeIHbOMY MEHIIE Yacy, HDK MPU BUKOPUCTAHHI METOIB, IO
IPYHTYIOTHbCS Ha BUKOPHCTAHHI MOIHTETPOBAHUX MOJIEICH aBTOPETPecii-KOB3KOTO
CEpeHbOro. 3HIKCHHS CEPeNIHIX YacOBHX 3aTpar, MOTPIOHUX Il KOPEKTHOT
poOOTH METOMY, CBITYUTH MPO MEPCIEKTUBHICTh BUKOPUCTAHHS I[LOTO MIIXOIy B
aHajizl cucTeM, Skl MOTpeOyIOTh MIBUAKOI OOpPOOKH BEIMKUX 00 €MIB BXITHUX
naHux Tamy big data.

OkpiM 1BOro, y XOJlI BHUKOHAaHHA JOCIIKEHHA OyJau peali3oBaHi
OOYMCIOBANIbHI CXEMH CYYaCHUX METOJIB MPOTHO3YBAaHHS Ta aHali3y YacOBUX
psi/iiB, @ came: CTaTUCTUYHI TECTU JJIsl BU3HAUCHHS MPUCYTHOCTI Y 4acOBOMY psiJil
TPEHIIOBOI Ta CE30HHOI KOMITOHEHTH, aJTOPUTMHU PO3MOALTY PsAAy Ha CKIAJ0Bi Ta
BUJITICHHS (QopM TpeHAY 1 TEpIOJUYHOI KOMIIOHEHTH, 3IJIaJKyBaHHS,
MIPOTHO3YBAHHS YaCOBOTO PSAIY 3 BUKOPUCTAHHSIM CyYaCHUX MOJIETIEH, TaKuX SIK
MOJIeJIb HEYITKOI JIOTIKHM, aJalTHBHI MOJIETl, METOJ TPYHOBOr0 YypaxyBaHHS

apryMEHTIB, MMOIHTErPOBAHA MOJIEIL ABTOPEreCii-KOB3KOI'O CEPEIHHOTO
y , ARIMA



Ta MOJIEJ]Ib CHHTYJISIPHOTO CIIEKTpaIbHOTO aHami3y (SSA), oIliHKa iX 3a JO0IMOMOT00
JTUCTIEPCIHOTO aHaTi3y.

Ha ocHoBi mpencrtaBienux Buile po3podok Ha miardopmi .NET (moBa
nporpamyBaHHs C#) OyB CTBOpeHWIl TpPOTrpaMHUN KOMIUICKC aHAJ3y Ta
aHcaMOJICBOTO TPOTHO3yBaHHS 4YacoBUX psiaiB. JlJis po3poOKU MpOrpamMHOro
3abe3reueHHs OyB 3aCTOCOBaHUU 00 €KTHO-Opi€HTOBaHMM minxid. PearnizoBani
MOJIeJI1 TPOTHO3YBaHHS BIIHOCSATHCS JI0 €IMHOI 1€papXii Ta € HaCJIiTHUKaMU OJTHOTO,
KWW Hazae 3araibHUi iHTepdeiic 11t poOOTH 3 yciMa MOJENSIMU MTPOTHO3YBAHHS
Ta BTUTIOE 3arajibHi MeToau. [t opranizaliii mporiecy HaB4aHHS Ta OIIHKK MOJIeIeH
aHcaMmOJIt0 BUKOPUCTOBYIOTHCS TTapajieibHl 0OUHCIICHHS, a came 3aco0u 010110TeKn
posmapanemoBanas  3agad  (TPL) rtuatdpopmu NET. Bukopucranuii y
MPOTPaMHOMY KOMILJIEKCI M1JIX1]] T03BOJISIE palliOHATIFHO BUKOPUCTOBYBATH PECYPCH
KOMIT IOTEp1 Ta CJIJIKYBAaTH 3a TUM, OO0 YHUKHYTH CTBOPEHHS OUIBIIOI KIJTbKOCTI
MIOTOKIB, HIXK I1€ TTOTPiOHO.

Po3pobrienuii nporpaMHUil KOMIUIEKC MICTUTh JOCTaTHHO IIMPOKUN CIEKTP
GbyHKIIA 719 aHalli3y Ta MPOTHO3YBaHHS 4acoBUX pPsaiB. Jleski 3 HHMX, Taki sIK
noOyoBa aHcaMmOJII0 MOJEJeH MPOrHO3yBaHHS Ta BUOIP ONTUMAJIbHOI MOJENI
JOCITIIKYBaHUX JIAHUX, MOXKYTh MOTPEOYBAaTH 1CTOTHUX YacoBUX 3aTpart. s Toro,
o6 iHTepdeiic koprucryBaya He OyB 3a0JIOKOBaHUK Ha IIEH TEpioj Ta JO3BOJISB
MPOBOJUTH aHaJI3 YaCOBOIO Psly 3 BUKOPUCTAHHSAM 1HIIMX 3aco01B, y Mporpami
BUKOPHCTOBYIOTHCS ACHHXPOHHI BUKIUKH. JJ1s1 poOOTH 3 aCHHXPOHHUMH TOISIMU
Oyma BuKopucTaHa Mojenb mnporpamyBanHs TAP (Task-based asynchronous
pattern), sika mpeacTaBisie CO00r0 3pyUHy aOCTPaKIIIIO JJI1 ACHHXPOHHOTO KOJY.

VY nuceptariitHii  poOOTI MPEACTABICHO OIKC TMPOIECY MPOEKTYBAHHS
apXiTEeKTypu  TMPOTPaMHOTO  3a0e3MeUeHHs  aHamizy Ta  aHcamOJIeBOro
MIPOTHO3YBAHHS PAAIB AMHAMIKH 32 JIOMTOMOTOIO 32 IOTIOMOTOI0 YHI()iKOBaHOTI MOBHU
moaemoBanHs (UML). TTokaszani Ta oxapakTepu30oBaHi JiarpamMu KJjaciB, BapiaHTIB
BUKOPUCTAHHA Ta JISUTbHOCTI.

3acobamMu po3pOOJIEHOrO MPOTPAMHOTO KOMILIEKCY MPOBENCHO aHaji3 Ta

MPOTHO3YBAaHHS YacOBUX pANIB (PIHAHCOBOI Ta €KOHOMIYHOI MPUPOIU, a Came,



YaCOBUX PSAJIB, SIKI MPEJCTABISAIOTh COOOIO IIOJIEHHI KOJIMBAHHS I[IH Ha aKIlii
MDKHApOIHAX KOMIaHii, 3HAYeHHs MMOMUTY Ha TOBAp, BAPTICTh KOMIUICKTYIOUHX
JeTanell  MiAMPUEMCTB CEPBICHOTO OOCITYrOBYBaHHS JUIsi YKPAaiHCHKUX Ta
MDKHAPOIHUX TIAMPUEMCTB.

KuarouoBi cjoBa: psau TuHAMiKd, MPOTHO3YBAHHS, aHANI3 YaCOBHX PSIiB,
MOJIEIb HEUITKO1 JIOTIKH, MOJIeJb HEHMPOHHOI Mepexi, aaanTHBHI MOJel
MPOTHO3YBAHHS, METOJ] TPYIOBOTO YpaxyBaHHS apryMEHTIB, ITOIHTErpOBaHA
MoJieib aBToperpecii-koB3koro cepeanboro (ARIMA), Moaenb CHHIYISpHOrO
criekTpasibHoro aHamizy (SSA), aHcamOleBe MPOTHO3YBAHHS, BUKUIAH y YaCOBUX
psnax, po3poOka MPOTrpaMHOro 3a0€3IEUeHHs], 3acO0M opraHizallii mapajelbHUX

00YHCIIeHb, ACHHXPOHHI MO/TIi.

SUMMARY

Dolhikh A.O. Development of the software system for time series analysis
and ensemble forecasting. — Qualifying scientific work as manuscript.

Dissertation for the degree of Ph. Dissertation on speciality 121 «Software
Engineering». — Oles Honchar Dnipro National University, Dnipro, 2021.

The actuality of software development for time series analysis and ensemble
forecasting is caused by the need to build as accurate predictions as possible
regarding the future values of time series using the analysis of past recordings. The
overview of recent studies has shown that today the ensemble of prognostication
models is one of the directions which are actively developing, especially in those
objectives, where prognostic accuracy is more important than the opportunity to
interpret the model. To build an adequate predictive model of the time series, a stage
of its preliminary analysis is necessary. At this step, an important task is to identify
anomalous values of the time series, or outliers. Such values differ significantly from
the other levels of the series and may negatively affect the quality of the constructed
prognostic model or indicate the appearance of a new pattern or trend of the process

being studied. Consequently, elaboration of methods and programme devices that



enable you to detect these values automatically and perform prognostication in real
time is of particular relevance.

The thesis work is aimed at solving the scientific and technical problem of
developing a software complex of time series analysis and ensemble forecasting,
which can be used to solve a wide range of problems related to the analysis and
processing of data in the financial sector, economics, medicine and other branches
of social infrastructure.

The algorithm of constructing models ensembles of time series forecasting has
also been modified in present research. Analysis of modern research has shown that
it is especially important to ensure a sufficient variety of prognostic models, using
ensembles. To solve this problem, models from different classes were implemented,
namely, a fuzzy logic model, adaptive prognostic models, a group method of data
handling, an autoregressive integrated moving average model (ARIMA) model and
a singular spectrum analysis model (SSA). The proposed algorithm of constructing
ensembles allows both to find the optimal parameters of the listed models
automatically and to change them using the program interface. The method was
tested on time series representing daily share price wave of international companies.
It has been established that the use of the ensemble method makes it possible to
improve the accuracy of forecasts in 77.5% of the time series to be analyzed. It was
also determined, that the use of parallel computing is an efficient solution that allows
you to reduce the time required for models training by 4.5-8.0 times.

A new method of prognostic model selection for time series was offered. The
novelty of this approach lies in assessing not only the quality of prognostic results
and the complexity of the model, but also in analyzing the model remains. The
algorithm of the optimal selected prognostic model provides two stages: conducting
statistical tests and assigning ratings based on their results. The first stage includes
the calculation of corrected Akaike information criterion (AlCc) and the analysis of
the constructed prognostic model remains, namely: checking the equality of the main
remains to zero, the absence of heteroscedantism in a number of residuals,

autocorrelation and trends. The developed methods are used in the process of



prognostic ensemble constructing to build a combined forecast. It was determined,
when it is used to select a time series model, it is possible to achieve more accurate
predictions than when using standard selection methods, such as such as Akaike and
Bayesian quality information criteria, root mean square error and square error, in
67% of time series, qualify for an analysis.

A new method of outliers identifying in time series has been developed. The
proposed algorithm allows not only finding the places of occurrence of abnormal
values, but also determining their type. The method is based on the use of adaptive
forecasting models, also known as exponential smoothing models. Adaptive
predictive models have a number of advantages while approximating range values
necessary for proper operation of the method: do not impose restrictions on the time
series length, quickly adapt to the dynamics of the time series of changes, do not
require complex mathematical calculations. To assess the quality of the proposed
method, an ROC-analysis of the results of dividing the range values into two classes
was carried out: normal values and outliers. The results showed that the AUC-ROC
values on the studied time series varies from 0.848 to 1.0, which indicates the
accuracy of the method in recognizing the anomalous levels of the series. We also
analyzed the average time required for the correct operation of the method. On most
of the studied time series, the proposed method took on average less time than when
using methods based on the use of autoregressive integrated moving average models.
The decrease in the average time required for the correct operation of the method
indicates the prospects of using this approach in the analysis of systems that require
fast processing of large volumes of input data such as big data.

In addition, in the course of the study, calculating schemes of modern methods
of forecasting and analyzing time series were implemented, namely: statistical tests
to determine the presence of a trend and seasonal component in a time series,
algorithms for distributing the series into components and identifying trend and
periodic components, smoothing, the time series forecasting using modern models,
namely, fuzzy logic model, adaptive models, the group method of data handling, the

autoregressive integrated moving average model (ARIMA) and the singular



spectrum analysis model (SSA), their assessment using analysis of variance
(ANOVA).

Based on the developments described above on the platform .NET
(programming language C#) a software package for analysis and ensemble
forecasting of time series was created. An object-oriented approach was used for
programme development. The implemented forecasting models belong to a single
hierarchy and are inheritors of the one, which provides a common interface for
working with all forecasting models and implements common methods. To organize
the learning process and to evaluate the ensemble models, parallel computations are
used, namely the task parallel library (TPL) of the .NET platform. The approach
used in the software package makes it possible to use rationally the computer
resources and to ensure that the creation of a larger stream number than necessary is
avoided.

The developed software package contains a fairly wide range of functions for
analyzing and forecasting time series. Some of them, such as building an ensemble
of forecasting models and choosing the optimal model of the data under study, can
be time-consuming. In order, that the user interface has not been blocked for that
period and allows the analysis of time series using other means, asynchronous calls
are used in the program. To work with asynchronous events the task-based
asynchronous pattern (TAP) was used, which is a convenient abstraction for an
asynchronous code.

A description of the design process of software architecture for analysis and
ensemble forecasting of dynamics series using the unified modeling language
(UML) is presented. Class diagrams, use cases and activity diagrams are shown and
characterized.

By means of the developed software complex, the analysis and forecasting of
time series of financial and economic nature, namely, time series, which represent
daily fluctuations in the international companies share prices, the value of demand
for goods, the cost of component parts of service enterprises for Ukrainian and

international companies were carried out.
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