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ITPOT'HO3YBAHHSA YACOBHUX PAAIB 3 BUKOPUCTAHHAM
MACHBIB IHIUKATOPIB Y PYTHON

IBiHHUIBKUI HALIIOHATLHUN TEXHIUHUI YHIBEpCHUTET;

lMpoeedeHo aHaniz memodie npPoeHO3y8aHHs GhiHaHCo8UX 4Yacosux psidie, po3enssHymo mooesni 3
BUKOPUCMAaHHAM iHMeneKkmyarnbHUx mexHonoeil. 3anpornoHoeaHo enacHy Mmoldesnb Oris [pPO2HO3y8aHHS
yacosux psidie 3 euKkopucmaHHsM Mmacusie iHOukamopie y Python. [lpoeHo3ysaHHs 4Yacosux psidie €
3acmocyeaHHs1 Modeni 05151 IPO2HO3y8aHHs1 MalibymHix 3Ha4YeHb Ha OCHO8I paHiwe criocmepexeHux 3HaqyeHsb. |
Xxoya peepeciliHuli aHari3 4acmo 8uKopucmosyembscsi Ofisi Nepesipku meopii npo me, Wo NomoYyHe 3Ha4YeHHs
00HO20 YU KifbKOX He3anexHux Jyacosux psidie ernnueae Ha NMomoYHe 3HaYeHHS iHWo20 Yyacosozo psdy, uyel
aHarnis yacosux psidie He Ha3u8aemMbCs «aHasi3oM yacosux psidie», a hOKyCyembCs Ha MOPIBHSIHHI 3Ha4YeHb
00HO20 Yacoeozo psdy 8 pi3Hi MoOMeHmMu Yacy. B skocmi mecmosux OaHux 6yno 835mo Kypc 8anomHoi napu
EUR/MUSD 3a 03.08.19 - 03.03.20. [licns o2nsdy icHyro4ux memodie npo2HO3ysaHHs1 4Yacosux psdie 3a
donomoeoto Python 6yno obpaHo modens LSTM. [NpoaHanizysaswiu ompumaHi pesynbmamu, ompumaHud
po2HO3 cuzHarlie MOXHa euxkopucmosysamu siK cucmemy nidmpuMKu piwieHb. TOYHICMb MPO2HO3Y8aHHS
Hacamneped OocsizHyma 3a paxyHoK eukopucmanHsi LSTM modeni, HopmysaHHK 6xidHo20 damacemy,
8UKOpUCMaHHsIM OOMOMIKHUX MEXHIYHUX iHOUKamopie ma nidbopom napamempie 0nsi MoOesi Po2HO3y8aHHS.
icnsa oansdy icHyro4ux memodie npo2Ho3ysaHHs1 Yacosux psdie 3a doromozoro Python 6yno obpaHo moders
LSTM. Bukopucmosytodyu LSTM, modeni npo2Ho3ysaHHs Yacosux psidie Moxymb repedbavyamu malbymHi
3Ha4YyeHHs1 Ha OCHoei nornepedHix nocnidosHuUx OaHux. Lle 3abesneuye 6inbwy moyvHicmb 01 NPOeHO3UCMIg
nonumy, wo npu3eodums 00 Kpawo20 npulHamms piweHb 0ns bisHecy. [1pobnemy 3 064YUCIEHHAMU 8Upiulye
cuDNN gid NVIDIA. 3 docsidy, cuDNN moxe 3anposadumu 8 10+ pasie binbwy weudkicmb, Hixk cmaHdapmHe
sukopucmaHHs 6esnocepedHbo CUDA. Buxodsiyu 3 moeo, wo nepedbayeHi 3Ha4eHHs yiHu Close He € documb
moyHuUMU, BysI0 CrIpPoeKmMosaHo cuaHanu 051 pekomeHoayilt noKynku/npodaxy no3uuid. JaHul cueHan sense
coboto 3Ha4yeHHs 8i0 0 8o 1, Oe 0 € kyniens, a 1 — npodax.

KnrouoBi cnoBa: nporHosyBaHHs, iHAHCOBMI YacoBUW psd, iHTenekTyanbHi TexHonorii, mogeni
NPOrHo3yBaHHS, CUCTEMU NPUNHATTS pilleHb.

Beryn

YacoBuil psig — 1€ cepist TOUOK JaHUX, IPOIHAEKCOBAaHUX Y XPOHOJIOTIYHOMY MOPSIKY. Y OUIbIIOCTI
BHIIAJIKiB YaCOBUH PsiJ] — II€ ITOCIIiTOBHICTh, B3ATa B PIBHOBIIaJIeHI MOMEHTH 4acy, sKi CIiAyIOTh OJ{HA 32
onHOI. TakuM YMHOM, II€ MOCIIOBHICTh JaHHUX Y AMCKpeTHoMy uaci [1]. Mema pobomu monsrae y
MiBUIICHHI e(eKTUBHOCTI MPHUUHATTS pilleHh Ha ()iIHAHCOBHX YaCOBHX psiaX 3a paXxyHOK iHTerparii
iHTeNeKTyallbHuX TexHonoriii Python Ta 3acrocyBaHHS MacuBIB TeXHIYHHMX iHAMKATOpiB. lluranHs
PO3pOOKH HOBUX TiJXOJIIB 331l BUPILICHHS 3aJladi IPUHHATTA pillieHb Ha (JIHAHCOBUX YaCOBHUX psijiaX €
aKTyaJbHUMH Ha ChOTOJHI, 0COOJIMBO 32 BUKOPUCTAHHAM 1HTEJICKTYaIbHUX TEXHOJOT1H.

ITocTanoBKa 3agaui

[IporHo3yBaHHS € OHUM 13 HAWCKJIAJHIMINX, ajle BOAHOYAC HAMaKTyaJbHIIINX 1 HOMYJISIPHUX 3aBIaHb
aHaymizy naHuxX. CKIaJHICTh MPOLECY MPOTHO3YBaHHS IMOB’s3aHa 3 HEOOXIIHICTIO aHali3y Ta OLIHKH
BEJIMKHX MACHBIB JIaHWX, YCKIIQJIHEHHSM METO/IIB, MOSBOO HOBUX MiJXO/IB JI0 TIPOIIECIB IPOTHO3YBAaHHS,
3aCTOCYBaHHS HOBUX TexHOJOriH Tomo [2]. ToMy cydacHHii cTaH PO3BUTKY METOAIB IPOTHO3YBAHHS TICHO
MOB'SI3aHUI 3 PO3BUTKOM iH(OpMaIiifHuX TexHoyorii. Tak 3BaHI MPOTHO3HI iHPOPMAITiiHI CHCTEMH, SIKi
BiJOOpakaloTh 1ei 3BSI30K y paMKax EKOHOMETPUKH, (iHAHCOBOI MaTEMATHKH Ta CTATUCTHKH,
MPOSIBJIIIOTHCS B IIMPOKOMY Jialia3oHi HAyKOBHX 3aCTOCYBaHb, a TAKOXK Y TaKuX cdepax, IK BAPOOHHULITBO,
(iHaHCOBE TIAaHYBaHHA B €KOHOMIlLi Ta TOpriBii. CbOroAHI BOHM € YaCTHHOIO MPOLECY YNpaBlliHHSI




CKJIAIHUIMU CHCTEMaMH Ta CHUCTEMaMH INPHHHATTS YIPAaBIiHCBKUX pIOIEHb 1 BHKOPUCTOBYIOTHCS
aHAJIITUKaMH, CepeJl 1HIIIOT0, IS OLIHKK PU3MKIB (hiHAHCOBUX 1IHBECTHIIIH.

OCHOBHMMH KOMIIOHGHTAaMH CHUCTEMH MPOTHO3YBAaHHA YacOBUX psfiB € 0a3a AaHUX 3 TOCTIHHO
MOTIOBHIOBAHUMH PETPOCIICKTUBHUMH JaHUMH, KOMIUIEKCHA MOJIENIb TPOTHO3YBaHHS Ta METOIM OLHKH
HOTO SIKOCTI, SIKi 3rPyTOBaHi BiAMOBITHO A0 TOCTAHOBKH 3aBJIaHHS MPOTHO3yBAHHS.

QDYHKIIOHYBAaHHS TaKO1 CHCTEMH 3IIHCHIOETHCS B PEKMMI A1aJIOTy 3 0CO000, SIKa IPUAMAE PIIIICHHS.

BxinHi nmaHi, mpeACTaBICHHI Yy BUIJISAL JlaTa-CeTiB, B SKi BXOJATh TAaKOX MACHBH ITOKa3HUKIB
inauKatopiB. Kpim Toro Bimomi MOMEHTH 3a MEBHUI MPOMIKOK Yacy, B sKi Oyio 6 OakaHO MPHUIHATH T
4y iHme pimeHHs. HeobxigHo cTBopuTH migxi, 6a3yl0dich Ha METO/IaX MPOTHO3YBAaHHS YaCOBUX PSIIB i
3a BUKOpHCTaHHsAM 0i0mioTek Python, Ta HaBuUMTH HEHPOHHY MepeKy MPOTHO3yBAaTH MaiOyTHI 3HAUCHHS
Ha OCHOBI IaHMX B peajbHOMY 4aci: IHOBHX BUMIpiB Ta HA0OPY 3HaYEeHb 1HIUKATOPIB.

PesyabTaTi 1ocaigxeHHs

J1s1 BUpiTIeHHS TTPOOIeMH 3aIIPOIIOHOBAHO TAHUK alTOPUTM Iiit:

1) iHrerpamis 3 ToproBuMm TepmiHaioM MTS5 mis orpumanHs MacuBy naHux: maket MetaTrader
BHUKOPHCTOBYETHCS I 3pYYIHOTO Ta IMIBUAKOTO OTpHMaHHs OipskoBoi iHpopmartii B Python. Otpumani Takum
YUHOM JaHi MOKHA BUKOPUCTOBYBATH TSI CTATUCTHYHUX OOYMCIICHB 1 MAIIIMHHOTO HABYAHHSI.

2) TpOTiH JaHUX, TeXHIYHUX IHIMKATOPIB (3amporoHoBaHi MT5 abo ctBopeHi 3a gomomororo Python),
(hopMyBaHHS JaTa CeTy JIs MOJIEI Ta HEeHpoHHOI Mepexi[3]: JaHi MOTPiOHO MPUBECTH IO BHUIVISAMY, SKUN
“po3ymi€e” HEMpOHHA Mepexa, BUIUINTA OCHOBHI JaHi MacHBY, JOTIOBHUTH MacHB TEXHIYHUMH 1HIUKATOPAMHU
(moryk BXo/IiB 3a crpaterieto Ennepa [4]).

3) HaBYaHHS PEKYPEHTHOI HEHPOHHOI MEpeXKi Ta 1i TeCTyBaHHs, IIPOTHO3YBAHHSI 32 JIOMIOMOTOK MOJIEII
LSTM: 3a momoMororo mux iHCTpyMEHTIB OyayeMo rpadik, OCHOBaHHA Ha TIONEPEIHIX TaHUX, TAKIM YHHOM
BU3HAYa€MO MaiOyTHIO I[iHY BaFOTHOI [TApH.

4)  aHai3 pe3y/bTaTiB Ta TECTYBAHHS MOJIEII 3 PI3HUMH HAOOpaMHM JTaHHX.

B stkocTi TecToBHX AaHuX Oyi10 B3sATO Kype BamoTHOT mapu EUR/USD 3a 03.08.19 - 03.03.20 (Puc. 3).
BukopuctoByethest ogua psig — Close. [Ins ¢opMyBaHHS MacuBiB iHIMKATOPIB CITiJi BUKOPHCTOBYBATH
¢yHukiii Pandas TA, o 103BONISIOTH BUIOOYTH TaKi 1HAMKATOPH, SIK KOB3KE CEpEIHE. Y JTaHOMY BUIAJKY
MAacHB iHAWKATOPiB YTBOPHUTHCS HA OCHOBI MapH CEPEIHIX 3 BAKOPUCTAHHSM OLIIHKH Pi3HUX YaCOBUX BUMIPiB
(2MA systems). CyTb MeTOIy, IIIO CTBOPUTH IHAWKATOPH JUIS NATACETY, MOJSTAE y CIIBCTAaBICHHI JTBOX
KOB3KHX CEpeHIX Ha Pi3HUX 4acoBUX BUMipax (Taki, sk H4, M15). B 3amexHOCTi BijJ IIbOTO CITIBCTABIICHHS
MOXXHA BW3HAYaTH CHUTHAIM BiAKPUTTS/3aKpUTTS MO3MLiA. [l OiMbIl TOYHMX TPOTHO3IB MOMKIIMBE
3actocyBanHst RSI ta MFI innukaropu. /st 300py iHauKaTopiB, iX 0O4YMCIEHHS 3aponoHoBaHa 0i0mioTexa
ta-lib, mo mictute Oinmbire 150 iHaukaTopis. [licas ormsay iCHyrOUMX METOIB MPOTHO3YBaHHS YaCOBHX
psmiB 3a goromororo Python 6ymo oopano momaens LSTM [5].

Real Data with TA
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Puc. 1. HaGip naHKX 3 BAKOPUCTAHHSIM TEXHIYHNX 1HIMKATOPIB

BukopucroByroun LSTM, Mojeni mporHo3yBaHHS YacOBHX PSJIB MOXYTh Tependadatd MaiOyTHi
3HAYCHHS Ha OCHOBI MOIEPEIHIX MOCTiI0BHUX AaHuX. [le 3a0e3nedye OibIy TOYHICTh IS TPOrHO3UCTIBR
MOTUTY, 10 IPU3BOIUTH J0 KPAIIOTO MPUHHATTS PillleHb 17151 Oi3Hecy.

3a momomororo BukopucTaHHs 0i0mioTek Pandas ta Pandas TA crae MOXIUBUM HE TUTBKH CTBOPUTH
DataFrame, a if HAOBHUTH HOTO TEXHIYHUMH 1HAUKATOpaMu. TakUM YMHOM, HE MOTPiIOHO MiApaxoBYBaTH
Ta BHBaHTa)XyBaTH IHAWKATOPH, BUKOPHCTOBYIOUM (pyHKIioHanm MTS5, nocTaTHRO BUKIMKATH BiANOBiai
merou 3 6i0mioreku Pandas TA (Puc. 1):



[Ipu TpeHyBaHHI CIOCTEPIrajJoch 3MCHIICHHI BTPAT BIPOJOBXK KOXKHOI €MOXH — TAaKUH pe3yJbTar
JOCSITHYTO B MEPIIY YEPry BEIHKOIO0 BUOIPKOIO JaHUX Ta MiA00pOM HapaMeTpiB MOJEII.

[epenbauenns ckianae codoro winy Close Ha 12 npomixkiB ynepen. Ha pucynky 2 mokaszaHo aetaibHe
MOPIBHSHHS MPOTHO30BAHUX JTAHUX (CHHIH KOJIp) 3 peaJbHUMHU JTaHUMU (USPBOHUIA).
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Puc. 2. ITopiBHSAHHS IPOTHO30BaHUX JAHKX i3 peaTbHUMU

Crig 3ayBaxuTH 110 PO3ODKHICT PE3yNbTaTIB ciarae y cepenaboMy 150 myHKTa, U JAHOTO YacOBOTO
MPOMIXKKY IocuTh Oarato. [Ipm mpoMy MOKHA criocTepiraté 30epeKeHHsI TPEHAY, IO € TMO3UTHBHUM
PE3yJIBTaTOM.

Buxonsuu 3 Toro, mo nependadeHi 3HaueHHs miHu Close HE € TOCUTh TOYHUMH, OYJIO CIIPOSKTOBAHO
CUTHAJU JIJIsl pEKOMEHalliil OKYNKHI/TIPOAaxy mo3umii. JlaHuii curHan seisie codoro 3HaueHHs Bin 0 1o
1, ne 0 € xymiBs, a 1 — mpogax.

3MIHMBIIM BUXiIHY 3MiHHY MOJIENI MPOTHO3YBaHHS Ta IOJABIIHN JaHUX CHUTHAN y HaOip JaHWX Oyio
oTpuMaHo rpadik, 300paxeHuit Ha pucyHKY 3. CUTHAJ KYIIiBIIi/TIPOAAXKY peali3oBaHUi TaKUM YHHOM, III0
Ja€ 3HA4YEHHS y POMiKKY Bix 0 1o 1, e 3HaYeHHsI, HAOIMKEHi 10 HyJIs — € CHTHAJIOM KYTTiBIIi, 8 HAOIMKeH1
3HA4YEHHS JI0 OJIMHHMIII — CUTHAJ MPOAAXKY.
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Puc. 3. CipoeKkToBaHi CHTHAIN KYTIiBIIi/TIPOIaKy

[IpoananizyBaBiy OTpUMaHi pe3yJIbTaTH, OTPUMAHH IPOTHO3 CUTHAJIB MOKHA BUKOPHUCTOBYBATH SIK
CHCTeMY MiATPUMKH pillieHb. TOYHICTh IPOTHO3YBaHHS HacaMIIEpe/ IOCSITHYTA 33 PAXyHOK BUKOPUCTAHHS
LSTM moneni, HOpMyBaHHIO BXiJJTHOTO JIaTaceTy, BUKOPUCTAHHSM JIOTIOMIDKHUX TEXHIYHUX 1HIUKATOPIB Ta
migOOpOM mapaMeTpiB ISl MOJIENI IPOTHO3YBaHHS.

BucnoBku

B po0ori npoBe/ieHo aHai3 iCHYIOYMX METO/IiB MPOrHO3YBaHHs (piHAHCOBUX I[IHOBHX PSJIIB, PO3IIISTHYTO
MOXIJIMBOCTI 3aCTOCYBAHHS IHTENEKTYyaJbHUX TEXHOJOTIH Ui MPOTHO3YBaHHs. 3alpONOHOBAHO BIACHHUN
IrOpUTM 13 3acTocyBaHHs 010mioTeKk OOpOOKM AaHMX 10 NPOTHO3YBAaHHS, iHTErpauii 3 TOProBUM



TEPMIHAJIOM Ta BUKOPHUCTAHHAM TEXHIYHMX IHIUKATOPIB, IO IIOKA3yIOTh 3aOBUTBHI pPE3yIbTaTH
MPOTHO3YBAHHS Ha HEBEITMKKX MTPOMIXKKaX 4acy.
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Time series forecasting using indicator arrays in Python

Vinnytsia National Technical University;

An analysis of methods of forecasting financial time series was carried out, models using intelligent technologies
were considered. A proprietary model for forecasting time series using arrays of indicators in Python is proposed.
Time series forecasting is the application of a model to predict future values based on previously observed values.
And although regression analysis is often used to test the theory that the current value of one or more independent
time series affects the current value of another time series, this time series analysis is not called "time series analysis"
but focuses on comparing the values of one time series in different moments of time. The rate of the EUR/USD currency
pair for 08/03/19 - 03/03/20 was taken as test data. After reviewing existing methods for time series forecasting using
Python, the LSTM model was chosen. After analyzing the obtained results, the received signal forecast can be used
as a decision support system. The accuracy of forecasting is primarily achieved due to the use of the LSTM model,
normalization of the input dataset, the use of auxiliary technical indicators and the selection of parameters for the
forecasting model. After reviewing existing methods for time series forecasting using Python, the LSTM model was
chosen. Using LSTM, time series forecasting models can predict future values based on past sequential data. This
provides greater accuracy for demand forecasters, leading to better business decisions. NVIDIA's cuDNN solves the
computational problem. From experience, cuDNN can deliver 10+ times faster than standard use of CUDA directly.
Based on the fact that the predicted Close price values are not accurate enough, signals were designed to recommend
buy/sell positions. This signal represents a value between 0 and 1, where 0 is a buy and 1 is a sell.

Keywords: forecasting, financial time series, intelligent technologies, forecasting models, decision-making systems.
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