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PE®EPAT

HAa MAriCTePCbKY AUCEPTALII0

BHKOHAHY Ha TCMY: IHm@]ZeKWIVClJleCl cucmema npocHO3V6AHHA
KPUNmMoB8aatOMmHUX YiH Ha OCHOBL CIMAamucCmu4HUux OaHux

cryaeaTom: Koctinum Jlerucom OnekcaHipoBUYEM

PoGota ckimagaeThcsi 13 BCTYyNy Ta YOTUPHOX PO3IUIIB. 3aradbHUN 00CST
po6otu: 86 apKyIiiB OCHOBHOTO TeKCTY, 48 imtocTpartis, 4 Tabmuis. [Ipu miarorosi
BUKOPHUCTOBYBaJIacs JiiTeparypa 3 36 pi3HOTO JHKepeia.

AKTyanbHicTb. KpUnToBatoTH CTalOTh BCE OLIbII IHTETPOBAHUMH B HAIlE
MOBCSIKJICHHE JKUTTS, IPUBEPTAIOYM YBAry sIK 1HAMBIIyaJbHUX KOPUCTYBayiB, TaK 1
(p1HaHCOBUX YCTaHOB. 3pOCTaroya MOIMYJISIPHICTh KPUIITOBAIIOT CEpe TPEHAEPIB Ta
3BUYANHUX 0Ci0, AKI OOMparoTh 10 (HOPMY AaKTHBIB, MITKPECIIOE BAKIUBICTDH
PO3BUTKY €(DEKTUBHUX IHCTPYMEHTIB aHali3y Ta MPOTHO3YBAaHHS KPUIITOBATIOTHUX
pPUHKIB. 3 BpaxyBaHHSIM HECTaOUIBHOCTI I[IH HA KPUIITOBAIIOTH, IHTEIEKTYaJIbHI
CUCTEMHM ITPOTHO3YBaHHS, 1110 0a3yI0ThCS HA CTATUCTUYHUX Ta aHAIITUYHUX JAHUX,
y TMO€JHAHHI 3 TEXHOJOTISIMA MAIIMHHOTO HaBYaHHS, MOXYTh HaJaTH IIHHI
IHCTPYMEHTH Ui TIPUHHATTSA pIillleHb 1 3MEHIIEHHA (PIHAHCOBOTO PHU3UKY s
YYaCHUKIB PUHKY KPUOTOBAMIOT. Take AOCHIIKEHHS CTae OyKe aKTyaJbHUM B
KOHTEKCTI IIBUIKOTO PO3BUTKY KPUNTOBATIOTHUX PHUHKIB Ta 3pOCTaHHSI
3aI[1KaBJIEHOCTI TPOMAJICHKOCTI Y IIbOMY CETMEHTI (DiHAHCOBHUX 1HCTPYMEHTIB.

IIpo6aema. 3apa3 He icHye HaIIHHOI CHCTEMH sika Oum 3abe3medyBania
cTabUIbHUM TPOrHO3 X04a 0 3 sKicTio 51%. Lle 6 cuibHO BIUIMHYJIO Ha Tpeaepis,
K1 OM KOPUCTYBAIHCS TaKOI CHCTeMOr. HecTabuIbHICTh HA KPUIITOBATIOTHOMY
PUHKY YCKIAIHIOE MPUUHATTSA pIlIEHb JUIsl 1HBECTOPIB, TpEWepiB Ta IHIIHUX
YYAaCHHUKIB PUHKY, OCKUIbKM BOHU HaMararoTbCsi Mepen0adyuTH LIHOBI PyXH AJis
3MIMCHEHHS YCIHIMIHUX orepaliid. Hama cuctema moxke cripoOyBaTé JOIMOMOTTH
3MEHIIUTH 1[I0 TpoOJieMy, Ha/laloud KOPUCTyBauyaM 1HCTPYMEHT AJis IPOTHO31B
OCHOBYIOUHCH HA CTATUYHHX Ta ICTOPUYHHUX JaHUX. TaKUM YMHOM, BUPILLICHHS LIi€]

npo0sieMU CIIPUSTUME MIABUILEHHIO €PEKTUBHOCTI YIPABIIHHA PU3UKAMH Ta



3a0e3neynTh OUIbIIy CTa0UIbHICTh Ta BIEBHEHICTh JII YYACHUKIB PHHKY
KPHUIITOBAIOT.

MeTta i 3aBaaHHsi JociaigxkeHHs. MeTor Marictepchbkoi poboOTH €
MOKpaIieHHs e(peKTUBHOCTI YIIPaBIIHHS PU3UKAMHU Ta 3a0€3MeUYCHHS CTa0TBHOCTI
JUISl YYAaCHUKIB KPUMNTOBAIIOTHOIO PUHKY IUISIXOM PO3POOKM Ta BIPOBAKEHHS
IHTEJIEKTyaJIbHOI CUCTEMHU MTPOTHO3YBAHHS I[IHOBUX 3MiH.

JI5is AOCATHEHHSI METH JTOCITIIKEHHSI TOCTABIICHO 1 BUPIIIEHO TaKi 3aB/IaHH:

e JlociiKEHHSI METOJIIB Ta TEXHOJIOTIH MPOrHO3YBAaHHS 3arajioM Ta B
KPUITOBAJIIOTHOMY CETMEHTI.

e Orisj iICHYIOUMX METO/IB IPOTrHO3YyBaHHS KPUIITOBATIOTHUX I[IHOBUX
PYyXiB.

e Po3poOka mporpaMHOro 3a0e3mne4eHHsl, 0 BKI0Ya€e B cede:

* 301p HEOOX1THUX CTATUCTUYHUX JAHUX PO KPUIITOBATIOTHUNA PUHOK.

= [linroToBka Ta 00poOKa JaHUX ISl TOAAIBIIOTO BUKOPUCTAHHS B
MOJIeJIl TPOTHO3YBAHHS.

* BuOip Ta HanamTyBaHHA aJITOPUTMIB MAIIMHHOTO HaBYaHHS IS
PO3pPOOKH MPOTHOCTHYHOI MOJIETII.

* Po3poOka Ta HaBYaHHS MPOTHOCTUYHOI MOJIENI HAa OCHOBI 310paHUX
JaHUX.

e OmiHka Ta BaligaIis pe3yJbTaTiB MOJENl 3a JOMOMOIOK METPUK,
31MCHEHHS aHaJll3y OTPUMAaHUX pPe3yJIbTaTiB Ta (POpMyBaHHSI BUCHOBKIB
CTOCOBHO €()eKTHBHOCTI pO3pOOICHOI CUCTEMH.

O0’exkr  gocaimxenHsi. Crocid0  MPOTHO3yBaHHA  I[IHOBUX  PYXIB

BUKOPUCTOBYIOYHM CTATHUCTHYHI JIJaH1 Ta TEXHOJIOTi MAllTMHHOTO HABYaHHSI.

Ipeamer pgocaimxenHsi. Po3poOka cucTeMu TPOTHO3YBAaHHS — ITIH
KPUIITOBAIIOT, SIKUM BKJIIOUAE aHAJ13 METO/IB MAIlIMHHOTO HaBYaHHs, 00pOOKy Ta
aHall3 CTaTUCTUYHUX JAHUX, @ TAKOX CTBOPEHHSI MOJEJNEH MPOTHO3YBAHHS s

nepe0aveHHs IIHOBUX PYyXiB KPUTITOBAIIOT.



HaykoBa HoBHM3HA. Y aucepTallii 3ampornoHOBaHO CIOCIO MPOrHO3YBaHHS
I[IHOBHX PYXIB KPUIITOBAJIOT, III0 BKJIIOYA€E B ce0e iHTErpalio CydaCHUX METOIB
MaIIMHHOTO HAaBYaHHS Ta OOpPOOKM BENHMKUX JIaHUX, BKJIIOYAlOud OOpOOKY
MOTOKOBUX JlaHUX Yy peaidbHOMy uyaci. lleil MeTron BpaxoBye MOXIHMBICTb
MOCTIMHOTO JJOHABYAHHS, 10 JO3BOJISE MOJIENI aJalTyBaTUCS 10 HOBUX JAaHUX Ta
3MiH Ha pUHKY KPUNTOBATIOT. [I[poBeieHe JOCITiIKEHHS Ta 3aPOTOHOBAHMM 11X 11
MO>Ke OyTH BUKOPHUCTAHUHN AJIS TABUILEHHS TOYHOCTI IPOTHO31B Ta BUKOPUCTAHHS
OJIHUM 3 KOMIIOHEHTIB JIJIs IPUHMaHHS 1HBECTUI[IHHUX PIIICHb.

OcoOuctuii BHecok 3a00yBaua. OcoOuctuii BHECOK 3700yBaya y
MaricTepchbKe JOCIHIKEHHS MOJSrae y BUKOHAHHI BCIX €TarliB poO0TH Ta po3poOiil
KOHIIEMIi 1HTErpoBaHOI CHCTEMH TIPOTHO3YBaHHS IIHOBUX pYyXIB Ha
KpUIITOBAJIOTHOMY PHUHKY. 3100yBad OCOOMCTO NPOBIB aHaji3 Ta OOpOOKY
BEJIMKOT0 O0CSry JaHUX 3 KPUIITOBAIIOTHMX PUHKIB, 3I1MCHUB TECTyBaHHS Ta
BaJIi/1aLlil0 pO3pO0JIEHOI CUCTEMH, a TaKOX BIAOCKOHAIMB aJITOPUTMH Ta MOJENI 3
METOIO MMiIBUIIEHHS] TOYHOCTI MporHo3iB. HaBuuku camocTiitHOi poOOTH, TBOpUUIA
MIIX1 Ta CACTEeMAaTHYHUHN TIX1 0 BUPIMICHHS 3aBIaHb JTOCTIKEHHS JI03BOJIMIIN
3100yBadyy OTpUMATH SK TEOPETUYHI, TaK 1 TMPaKTHYHI pe3yJbTaTH, SKI
BIJIOOpaXXEHO y MaricTepchbkiidi poOoTi.

IIpakTH4He 3HAYEHHS] TA WIHHICTH OJepP:KAHUX pe3yabTaTiB. OTpuMaHi
pe3yiabTaTH MOXYTh BHUKOPHUCTOBYBAaTHUCA Yy MaWOyTHIX JOCHIIKEHHSIX 3a
HaATNPSIMKaMU:

e PosmmpenHss oOnacti 3actocyBaHHs: JlocmipkeHHS Moxe OyTH

po3IMpeHe Ha iHII (iHAHCOBI pUHKH a00 PUHKU aKTHBIB.

e OnTuMizalisi aaroputmiB 1 Mojenei: JloCHiPKeHHsT MOXKe BKIJIIOYaTH
NOJANBIINKA PO3BUTOK 1 BJOCKOHAJEHHS aJITOPUTMIB MAITUHHOTO
HaBYaHHS Ta MOJIEJCH MPOTHO3YBAHHA JUIS MMiJBUIICHHS TOYHOCTI Ta
e(hEeKTUBHOCTI.

e JlocmixeHHs1 BIUIMBY (DakTOpIB Ha PUHOK: Pe3ynbratu MOCIHIIKEHHS

MOXYTh OyTH BHUKOPHUCTaH1 JJIsI MOJAJBIIOTO aHaji3y BIUIMBY PI3HUX



(akTOpiB Ha I[IHOB1 PYXU HA PUHKY KPUIITOBAIIIOT Ta PO3POOKHU CTpaTerii
YOPABIIHHS PUIUKAMH.

e AmHami3 HOBUX THUIIIB JaHUX: Y MaHOYyTHIX JOCHIKEHHSIX MOXKHA
JOCIIIKYBaTH BUKOPHUCTAHHS HOBUX THITIB JTaHWX, TAKUX SK COIiaibHI
Mepexi, HOBHUHHI CTaTTi a00 MaKpOEKOHOMIYH1 TIOKa3HMUKH, JJIs
MOJTIMIIEHHS SKOCTI MTPOTHO31B 1IHOBUX 3MiH.

Amnpobanii pe3yabraTiB aucepraunii. Pe3ynpTaT MOCHTIIKEHHS aHUCEpTaIii
Oynu mipescTaBieHi Ha HacTynHiM koHpepentii: «The International Conference on
Security, Fault Tolerance, Intelligence» (ICSFT12024), 7 uepsus 2024, m. Kuis.

KiarouoBi caosa. KPUIITOBAJIIOTA, IIPOI'HO3YBAHHA 1IIH,
MAIIIMHHE HABYAHHS, AHAJII3 JTAHUX, BIG DATA, ®IHAHCOBMUIA
PMHOK, TOYHICTh ITPOTHO3IB, TEXHIYHUU AHAJII3, PO3PAXYHOK
[HIAMKATOPIB.



ABSTRACT

The thesis consists of an introduction and four chapters. The total volume of
the work is 86 pages of main text, 48 illustrations, and 4 tables. The preparation
involved the use of literature from 36 different sources.

Relevance. Cryptocurrencies are becoming increasingly integrated into our
daily lives, attracting the attention of both individual users and financial institutions.
The growing popularity of cryptocurrencies among traders and ordinary individuals
who choose this form of assets underscores the importance of developing effective
tools for analyzing and forecasting cryptocurrency markets. Given the volatility of
cryptocurrency prices, intelligent forecasting systems based on statistical and
analytical data, combined with machine learning technologies, can provide valuable
tools for decision-making and reducing financial risk for cryptocurrency market
participants. This research is particularly relevant in the context of the rapid
development of cryptocurrency markets and the growing public interest in this
segment of financial instruments.

Problem. Currently, there is no reliable system that provides stable forecasts
with at least 51% accuracy. This would significantly impact traders who could use
such a system. Market volatility complicates decision-making for investors, traders,
and other market participants as they try to predict price movements to execute
successful transactions. Our system aims to help mitigate this problem by providing
users with a forecasting tool based on static and historical data. Solving this problem
will enhance risk management efficiency and provide greater stability and
confidence for cryptocurrency market participants.

Aim and Objectives of the Research. The aim of the master's thesis is to
improve risk management efficiency and ensure stability for cryptocurrency market
participants by developing and implementing an intelligent system for forecasting
price changes.

To achieve the aim of the research, the following objectives were set and

accomplished:



e Researching forecasting methods and technologies in general and within
the cryptocurrency segment.

e Reviewing existing methods for forecasting cryptocurrency price
movements.

e Developing software that includes:

= Collecting necessary statistical data on the cryptocurrency market.

= Preparing and processing data for subsequent use in the forecasting
model.

= Selecting and tuning machine learning algorithms to develop the
forecasting model.

= Developing and training the forecasting model based on the
collected data.

e Evaluating and validating the model's results using metrics, analyzing the
obtained results, and forming conclusions regarding the system's
effectiveness.

Object of the Research. The method of forecasting price movements using

statistical data and machine learning technologies.

Subject of the Research. The development of a cryptocurrency price
forecasting system, which includes the analysis of machine learning methods, the
processing and analysis of statistical data, and the creation of forecasting models to
predict cryptocurrency price movements.

Scientific Novelty. The dissertation proposes a method for forecasting
cryptocurrency price movements that integrates modern machine learning methods
and big data processing, including real-time data streams. This method considers
the possibility of continuous retraining, allowing the model to adapt to new data and
changes in the cryptocurrency market. The conducted research and the proposed
approach can be used to enhance the accuracy of forecasts and serve as a component

for making investment decisions.



Personal Contribution of the Researcher. The personal contribution of the

researcher to the master's thesis includes the completion of all stages of the work

and the development of the concept of an integrated system for forecasting price

movements in the cryptocurrency market. The researcher personally conducted the

analysis and processing of a large volume of cryptocurrency market data, tested and

validated the developed system, and improved algorithms and models to enhance

forecasting accuracy. The skills of independent work, creative approach, and

systematic approach to solving research tasks allowed the researcher to obtain both

theoretical and practical results reflected in the master's thesis.

Practical Significance and Value of the Obtained Results. The obtained

results can be used in future research in the following areas:

Expanding the scope of application: The research can be extended to other
financial markets or asset markets.

Optimizing algorithms and models: The research can include further
development and improvement of machine learning algorithms and
forecasting models to enhance accuracy and efficiency.

Analyzing the impact of factors on the market: The results can be used for
further analysis of the impact of various factors on price movements in the
cryptocurrency market and the development of risk management
strategies.

Analyzing new types of data: Future research can explore the use of new
types of data, such as social media, news articles, or macroeconomic

indicators, to improve the quality of price change forecasts.

Dissemination of the Research Results. The results of the dissertation

research were presented at the following conference: "The International Conference

on Security, Fault Tolerance, Intelligence™ (ICSFT12024), June 7, 2024, Kyiv.
Keywords. CRYPTOCURRENCY, PRICE FORECASTING, MACHINE

LEARNING, DATA ANALYSIS, BIG DATA, FINANCIAL MARKET,



FORECAST ACCURACY, TECHNICAL ANALYSIS, INDICATOR
CALCULATION.
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HNEPEJIIK YMOBHHUX CKOPOYEHb

ML (Machine Learning) — MammHHe HaBYaHHS

Al (Artificial Intelligence) — ILITy4ynwmii iHTEIEKT

BTC (Bitcoin) — bitkoin

ETH (Ethereum) — Edip

ROI (Return on Investment) — [Toka3uuk IpuOYTKOBOCTI iIHBECTHIIIi

LSTM (Long Short-Term Memory) — JIoBrorepMiHOBa KOPOTKOYACHA TTaM'SITh
CNN (Convolutional Neural Network) — 3ropTkoBa HeipOHHA MepeKa

APl (Application Programming Interface) — IuTtepdeiic nporpamyBaHHS
3aCTOCYHKIB

ICO (Initial Coin Offering) — IlepBrHHa TPOMO3HIIisI MOHET

NLP (Natural Language Processing) — O0po6ka npupoiHoi MOBH

SVM (Support Vector Machine) — MeToj1 OITOpHHUX BEKTOPIB

ANN (Artificial Neural Network) — IlITy4Ha HelipoHHa Mepeka

GPU (Graphics Processing Unit) — I'padiunuii nporecop



BCTYII

VY CBITI, HACHYEHOMY TE€XHOJIOTIYHUMHU HOBAIIISIMU, POJIb KPUIITOBAIIOT CTAE
HAJ3BUYAHO BAXXJIMBOIO. 3a OCTaHHI JEKUIbKa POKIB, a OCOOJMBO MICAILIIB,
B1I0YJIOCH CTPIMKE 3pPOCTaHHS KPUIITOBAJIIOTHOTO PUHKY Ta 301IbIIIEHHS 00CATIB
TOPTiBAl KPUNTOBAIIOTHUMU akTUBaMu. BoHu 3100yBaioTh Bce  Oifblie
MOMYJISIPHOCT1 Cepell 1HAMWBIIyaIbHUX KOPUCTYBayiB Ta (DIHAHCOBUX IHCTHUTYIIH,
K1 BOA4yalOTh y IIbOMYy HOBOMY KJjacl AaKTHBIB IIOTEHIIIMHI MOKJIHUBOCTI.
BonatunpHICTh KPUNITOBAIIOTHOTO PUHKY YCKIIAJHIOE IPUUHATTS OOIPYHTOBAHUX
(db1HaHCOBUX pIllIEHb JJIA TpeiiepiB, 1HBECTOPIB Ta IHINIUX YYACHHUKIB PHUHKY.
[TocTifiHi 3MiHM B I[IHOBUX TEHJEHIIAX Ta BIUIMB PI3HOMaHITHUX (HaKTOPiB
BUMAararmTh 3aCTOCYBAHHS CYYaCHUX TEXHOJOTIM Mg €(QEeKTUBHOIO aHai3y Ta
IPOrHO3YBaHHS.

Ha choroaHimHiii AeHb HE ICHY€ HAAIMHOI CUCTEMHU MPOTHO3YBAHHS, SKa
3abe3rneunsa 6 cTabUTbHHUM MPOTHO3 3 33/I0BUIBHOIO TOUHICTIO. TpaauIliiini MeTou
IPOrHO3YBaHHS HE 3aBK/11 33/10BOJIbHAIOTH IOTPEOU CYy4acCHOT'O KPUIITOBAIIOTHOTO
puHKy. BukopucranHda MmammHHOro HaBuaHHs (ML) Ta TexHomorid oOpoOku
Benukux nanux (Big Data) no3Bosisie cTBOpUTH OUTBII TOYHI Ta aJaTUBHI MOJIET
NPOTHO3YBaHHSA, 3/JaTHI  BpaxoByBaTH Oe3NepepBHI 3MIHM HA  PUHKY.
[HTEeNneKTyallbHI CUCTEMH MPOTHO3YBaHHS, K1 0a3ylOThCA Ha CTATUCTUYHHUX Ta
AHATITUYHUX JAHWUX, MOKYTh 3HAYHO TMOKPAIIUTH MPOLEC MPUUHSTTS PIIICHb Ta
3HU3UTHU (PIHAHCOBUI PUBHK.

CyuacHuil o0csr naHux BigoOpakae >KMBY OUHAMIKYy PHHKY, /1€ KOXKHA
3MiHA MOXK€ MaTu 3HaueHHs. BpaxoByroouw 1ie, y NaHii MaricTepchkiii poOOTi
MIPOBOAUTHLCS TOCIIIKEHHSI Ta pO3p0OOKa IHTEIEKTYallbHOI CUCTEMU TPOTHO3YBAHHS
I[IH KPUTITOBATIOT, SIKa 0a3y€ThCsl HA BUKOPUCTAHHI METO/IB MAITUHHOTO HAaBYaHHS
Ta OOpOOKM BEIUKHUX HaHUX. |1 JOCSATHEHHS MOCTaBJIEHOI METH B poOOTI OyJie
IPOBEICHO aHaJl3 ICHYIOYMX METOMIB MPOTHO3YBAaHHA I[IHOBUX 3MIH Ha

KPUIITOBATIOTHUX PHHKAX, JOCTIIPKEHO CyYacHI MIAXOAW 10 aHalli3y BEIHKUX



00CATIB JTaHUX, PO3pOOJIEHO Ta BUIPOOYBAHO HOBUU METOJ NPOTHO3YBaHHS 3
BUKOPUCTAHHSAM MAIIMHHOTO HAaBYaHHS.

OCHOBHOI0O METOI0 MaricTepchbkoi poOOTH € TOKpamieHHS e()eKTUBHOCTI
VIOpaBIiHHSI pU3MKaMH Ta 3a0e3MedyeHHs CTaOUIBHOCTI Uil  yYaCHUKIB
KPHUIITOBAJTIOTHOTO PUHKY IITXOM PO3POOKH Ta BIPOBAKCHHS 1HTEICKTYJTbHOT
CHCTEMHU IMPOTHO3YBaHHS IIHOBUX 3MiH. Il TOCATHEHHS Ii€] METH MOCTaBIIECHO 1
BUPIIICHO HACTYIIHI 3aBIaHHS:

*  aHaJI3 cnoco0iB NPOrHO3yBaHHS BUKOPUCTOBYIOUM MAIIMHHE;

*  JIOCJIJIPKEHHS Ta OMHUC TEXHOJIOT1H;

*  po3poOKa crocoOy 1HTEIEKTyaIbHOTO MPOTHO3YBAHHS IIIHOBUX PYXIB;

e  peamizalis IHTEJIEKTYaJbHOI CUCTEMU MPOrHO3YBaHHS;

*  TECTYyBaHHS Ta BaJIJAIlis CHCTEMHU.

OO0'ekTOM JOCHIKEHHSI € TMpOLEC MPOTrHO3yBaHHA 3MIH I[IH Ha
KPHUIITOBAJIIOTHOMY pUHKY. [IpenMerom JochiKeHHSs € mpoiiec 300py Ta 00poOKu
JAHUX NIl TPOTHO3YBaHHS 3MiH I[iH Ha KPUNITOBAIFOTHOMY PUHKY.

HayxoBa HOBU3HA OJiep>KaHUX PE3yJIbTaTiB pOOOTH MOJSATAE Y HACTYITHOMY:
3aMpPONOHOBAHO CTIOCIO MPOTHO3YBAHHS [IHOBUX PYXiB KPUIITOBAIIOT, 1110 BKIIOYAE
B ceOe iHTerpallito CydyaCHUX METO1B MAllIMHHOTO HaBYaHHS Ta OOPOOKH BEIMKUX
JIAaHUX, BKJIIOYaO4YM OOpOoOKY MOTOKOBUX JaHUX Yy peanbHOMy 4Yaci. Lleit meTton
BPaxOBY€ MOJXKIIMBICTh IIOCTIHHOTO JIOHABYAHHS, IO JIO3BOJISIE  MOJIEI
aJanTyBaTHCS JO HOBUX JAaHWX Ta 3MiH Ha PUHKY KpuUnToBamioT. IIpoBencHe
JOCIIJKEHHSI Ta 3ampONOHOBAHUN TMiAXiJg Moke OyTH BHUKOPUCTAHWUW ISt
IIJIBUIIICHHS TOYHOCTI MPOTHO3IB Ta BUKOPHCTaHHS OJHHUM 3 KOMIIOHCHTIB IS
NpUIIMaHHS 1HBECTULIIMHUX PIIICHb.

OTxe, BpaxOBYIOUM TEMAaTUKY pOOOTH Ta CydacHi TEHJECHIII1, TOCTIKCHHS
3 nepeadadeHHs IHOBUX PyXiB Ma€ 3HAYEHHsI Ta MPAKTUYHE 3aCTOCYBaHHS IS
TpeiiepiB, IHBECTOPIB Ta (PIHAHCOBUX YCTAHOB, 1110 MPAIIOIOTh 3 KPUIITOBAIIOTAMH.

CyJacHul pUHOK BUMarae TOYHUX Ta HAAIMHUX IHCTPYMEHTIB JIJIsi TPOTHO3yBaHHS,



K1 MOXYTb JOIMOMOITH YYaCHUKAM PUHKY MpHUMaTH OOTpyHTOBaHI PIIICHHS Ta

3MEHIITyBaTH (DiHAHCOBUM PU3HK.



PO3/ILI 1

AHAJII3 ICHYIOYHUX HIAXOAIB 1O ITPOT'HO3YBAHHSA HTHOBUX
PYXIB

1.1. IIlo Bu3Hauae niny kpunroaaot? o Take nporno3yBanHsi miH?

Kpunmosantomnuti pumnox — 1€ CKJIaJHE CEpPEAOBHUIIE, SKE MOCTIHHO
PO3BUBAETHCS 1 MiANAETHCS BILTUBY Oe3iniyi (hakTopiB. OCHOBHI 3 AKHX MMOKa3aHO B
tabmuii 1. «OcHOBHI (pakTOpH, 110 BIUIMBAIOTH HA I[IHY KPUNTOBAIIOT». CamMum
BOKJIMBUM Ta (PYHIAMEHTATLHUM 3 SKHX € IMOHATTS TOIMUTY Ta MPOIO3HIIii, Jaii
BIKE iJ1e piB€Hb BUKOPUCTAHHS Ta BIPOBAHKEHHS MEPEXKI, IepKAaBHE PEryIIOBaHHS,
3aco0u MacoBoi iH(oOpMaIllli, TEXHOJIOTIUHI JIOCATHEHHS, HACTPOi PUHKY, OCHOBHI

MoJ11 HOBUH, a TAKOX JI1i KUTIB @00 PUHKOBUX MaHIIYJISTOPIB.

Tabnuysa 1

OcHOBHi ¢akTOpPH, 110 BIVIMBAKOTH HA HIHY KPUNTOBAJIIOT
daxkTtop Omnuc axTopa
[Tonwurt 1 BinHomeHHs MIX KIJIBKICTIO JOCTYITHOI KPUITOBAJIIOTH Ta KUIBKICTIO
MIPOMO3ULIS Oaxkarouux il KyImHUTH.
Jlep>xaBHe 3aKOHM Ta HOPMATUBHI aKTH, SIKI BIUIMBAIOTh HA PUHOK KPUIITOBAIIIOT.
peryJtoBaHHS
TexHomoriuHi [HHOBaNi{ B 6JI0KYEHH-TEXHOIOTIAX Ta KPUIITOBAIIOTHUX MPOEKTaX.
JOCSITHEHHS
3acobu MacoBoi HoBunu Ta Me/ia-BUCBITIIEHHS KPUIITOBAJIIOT.
1H(popmarii
Hactpoi punky CraBieHHs Ta OUiKyBaHHS 1HBECTOPIB Ta TPeHIepiB.
Jii BeTMKuX AKTUBHICTb BEJIMKHX 1HBECTOPIB Ta TPEUEPIB, 5IKI MOXKYTh
IpaBLiB MaHIIyJIIOBaTH PUHKOM.
MaxkpoekoHomiuHa | BaxknuBi moii, Taki sk BiiHU, TOKa3HUKU CBITOBOi €KOHOMIKH,
CHUTYyallisl B CBITI, B3a€MO3B’SI3KM MK Pi3HUMHU KpaiHaMu, XapJQpOpKH, MapTHEPCTBA,
OCHOBHI IoJIii Ta PETyISITOPHI plLIEeHHS.
HOBHHHU




OWIHUTH TEepCIeKTUBU CEpPEJOBUIA MOXKHA 3a JIOMOMOTOK METO/IiB
MPOTHO3YBaHHA. PO3pi3HSIOTH 1Ba KpUTEPii 11 Ki1acudikallii IMX METO1B: PIBEHb
00'€KTUBHOCTI MPOTHO3yBaHHsS (CyO'eKTHBHI Ta OO'€KTMBHI METOAM) Ta PIBEHb
aHAJIITUYHOCTI I[bOTO MpoIiecy (HaiBHI Ta MPUYMHHO-HACTIIKOB1 METO/IM).

Cy6'ekmueni memoou TPYHTYIOThCS Ha TO3MIll TIEBHOTO E€KCIIepTa 00
MPOIIECiB, SIKI HE BUpPaXEHI B SBHIM (QopMmi, ane JiexaTb B OCHOBI PO3pOOJICHHS
MPOrHO3y. 3acTOCyBaHHS OO'€KTMBHUX METOIB Tepeadayae, 1o MpoLecH YiTKO
chopMyJIbOBaH1 Ta MOXKYTh OyTH BIATBOPEHI1 IHIIUMHU 0COOaMU, TOOTO ICHY€E BEJIMKA
HMOBIPHICTh (POPMYITFOBAHHS HUMU TAKOT0 5K TPOrHO3Yy. BBaXkat0Th, 110 MPHU LIOMY
CIIOCTEPITAETHCS MPOTUCTABICHHS KIJIbKICHUX METO/IIB AKICHUM, B SIKUX ITEPEBAKAE
THTYTLS.

Ipuuunno-nacnioxosi (kasyajibHi) METOJIM 3aCTOCOBYIOTH TO[l, KOJIU
YUHHUKH 11eHTU(IKOBaHI1 Ta IXHI1 BIPOT1HI MailOyTHI 3HaYEHHS CIIPOTHO30BAaH1, 1110
nae 3Mory copmyBaTH WMOBIpHE 3HAUEHHS MOKa3HMKA 3a YMOBH peaizalii
MPUIHSATHOTO CIIEHAPIO.

[ToeqnanHss WX JOBOX MIAXOAIB 10 Kiacu(ikailii crpuse YTBOPEHHIO

YOTHUPHOX THUIIIB METOIIB TPOTHO3YyBaHHs (puc. 1).
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Puc.1. Yotupu TUNIM METO/1B MPOTHO3YBaHHS



3arajoM, MPOTHO3YBAHHAM IliH € Tiepe0aueHHs] HampsMy PyXy I[iHH B
MaliOyTHROMY, Ta aOCOJIOTHOTO 3HAUYEHHS BAapTOCTI akTUBY. BiH BKiIO4Yae aHami3
OaratboXx (HaKTOpIB: ICTOPUYHI JaHI MPO I[IHU, aHAJI3 TEXHIYHMX 1HJIMKATOPIB,
PUHKOBI TEHJCHIIii, HOBHHHI MOil 1 TEXHOJOT1UHI JOCATHEHHS, 00 BU3HAYUTH
MOTEHITITHY TPAEKTOPIIO I[IHW KOHKPETHOT KPUNITOBATIOTH. [ 1]

Bne 3anexHOCTI BiJ TOro, SKUH KPUNTOAKTHB JOCHIIKYEThCSA, OyIb TO
Bitcoin, Ethereum um, mampuknan, Solana, ToyHe MPOTHO3YBaHHS € CKIAJIHUM
3aBJIAHHAM Yepe3 MPUTAMaHHY KPUIITOBATIOTHOMY PUHKY CUIIbHY BOJATUJIBHICTB.
OpHak 71l IPOTHO3YBAaHHS YU TEpeI0aYeHHs] BUKOPUCTYBAEThCS O€3J1iu Pi3HUX

METOJIIB Ta MmaxoiB. [1]



1.2.

AHaJIi3 iCHyI0OUHX METOAIB MPOTrHO3YBAHHSA LiH KPUNITOBAJIOT

IcHytOTH nekibka METOMIB [JIsl MPOTHO3YBaHHS IIH HAa KPHUITOBATIOTY,
OCHOBHI TIpeJICTaBJIeH1 Ha (puc. 2).

ITopiBHSIHHS METO/I1B

IIPOrHO3YBAHHS I11H
KPHUIITOBAJIIOT

# MeTon

#- Omac # ITepeparn # Hemomixn
Amnams ICTOpHIHHE BrABncHAT .
. - . . BpasmHeicTs 70
TexHiqHHA aHATZ IHOEHX JAHHX T3 EODOTEOCTPOEOEHR
. - : PHHEOEOTO IIVMY.
IHIHEATOPIE. TPEHIIE.
OIiEEa BHYTPIIHEBOL
. [IHHOCTL 9epes Baxxo OLIHETH
dyHIaMeHTANEHAH ; P JOErOCTPOKOERE o -
: AHAM3 TEXHOMOTII, Cy0'EETHEH1
AHAM3 MIPOTHOZYEAHHA.
EHEODHCTAHHA T3 thaxTopH.
TEPCIeKTHE.
Amamiz JaHEY 2 .
Onoraeliny, Takux Ak [Ipamuii gocTyn Oo Buarace 1e
On4efiH-aHATITHES L P ACCIYIL A ZHAHE O3
TPaH33KIN] Ta JAHAY MEpekl. iTepmpeTanii
AKTHEHICTE AApPec. cPHpe )
Amnamz oBTOEOpEHE B B BpasnHEICTE A0
COLIANBHHX Mepe&ax BHABICHRA HACTPOIE MAHIIVIAOIE T2
Amamsz HacTpoie =pe Ta ix EIIHE Ha MARLY "
TA HOBHH I OI[{HEH HEHOK HETOTHOCTEH B
TPOMaICEEDN YMEH. P )

0DTOBOpEHHAXR.

I'padiune 300pakenas pozpodbue cryaert KIII, @I0T,

Koctia Jeanc

Puc.2. TTopiBHSIHHSI METO/IIB MPOTHO3YBAHHSI I[IH KPUIITOBATIOT



1. TexHiuHM aHATI3:

[e#t miaxiy mossrae B aHaIi31 ICTOPUYHUX I[IHOBUX MOJIeTIeH, TCHACHITI I
Ta TEXHIYHUX IHIUKATOPIB ISl BU3HAYCHHS MOTCHIIWHMUX DPIBHIB MIATPUMKU Ta
OTIOpY, MPOTHO3YBaHHS MaOyTHIX PYXIB I[IH Ta MPUHUHATTS TOPTOBUX PIIICHb.

TexHiyHl 1HOAUKATOpPU € OJHUM 3 HAWUNOIIUPEHIIUX CHOCO0iB
MPOTHO3YBaHHS PyXY IiH Ha KpUNITOBATIOTY. Cepesl HUX KIIF0U0BE MiCIIe TTOCITaf0Th
KOB3HI cepefHi. AHami3 0a3yeThbCsd Ha IOPIBHSAHHI IIIH HA KPHUMOTOBAIIOTY 3
KITFOUOBUMH KOB3HUMH cepeaHiMu, Takumu sk 21-, 50- ta 200-meHHi cepemHi.
Ocuunstopu, Taki sk iHaeKkC BiqHOcHOI cuin (RSI) Ta koHBepreHilis/quBepreHiis
koB3HUX cepeaHix (MACD), BUKOPUCTOBYIOTBCS VISl aHAITI3y KOPOTKOCTPOKOBUX
PUHKOBHUX TEHJIEHIIIM Ta TOUHOTO BU3HAUYCHHS MOXKJIMBUX BapiaHTIB TOPTIBIIL.

Jist mpukiamy MoOXHaA TPUBECTH aHami3 rpadiky ICTOPUYHOI BapTOCTI

OiTkoiHa 3 camty tradingview [2], (puc.3.).

Bitcoin / U.S. Dollar - 1D - BITSTAMP @ 065,252 He7 482 L 78,000 obs . . i
° gt il
| . (16 BTCUSD - BITSTAMP, 1D

™ II II:- | - ,

. |I me - BTC

| | i e
I Il I 4, m 64000
r' | ||
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BE:
' 56,000
it | 200

| l'| 1
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I | #4000
N '||-| ! -
o i | ) "
Il II l'lrl . I'I'In- I.l T Q.00
! il Exa
o v
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Wit

'l-..l' 34,000
12,000
7 TradingView o iﬂ

Hov 15 Dec s 2024 15 Fen 15 Har " Bpr 15
D 5D 1M 3M BM YTD 1Y S5Y AL 5] 11:42:26 (UTC

Stock Screener ~  Pine Editor  Strategy Tester Trading Panel =

Puc.3. Ilpuxnan anamnizy rpadiky icTOpU4HOI BapTOCT1 O1ITKOTHA

JIyist MOKHA 3aBaHTXKWUTHU IIHU 3 I[IKaBOi OIp>KM Ta 3a IOMOMOTOI0 Oyb-sKOT

MOBU IIPOrpaMyBaHHs BIAPEHAECPUTH Tpadik A aHATI3Y:

w1

= (B



BuxopuctoByroun python ta matplolib crBopemo rpadik 3 3-a ingukaropamu

Moving Average (MA21, MA50, MA200) (puc.4.)

import matplotlib.pyplot as plt

import pandas as pd

df = pd.read_csv('prices.csv')

df['Date'] = pd.to_datetime(df['Date])
df.set_index('Date’, inplace=True)

dfMA21'] = df['Close"].rolling(window=21).mean()
df[MA50'] = df['Close'].rolling(window=50).mean()
df[MA200] = df['Close'].rolling(window=200).mean()
plt.figure(figsize=(14, 7))

plt.plot(df['Close], label=Price’, color="blue’)
plt.plot(df['MA21, label="21-day MA', color="orange’)
plt.plot(df['MA50'], label="50-day MA', color='green")
plt.plot(df[MA200], label="200-day MA', color="red")
plt.title("Historical Prices with Moving Averages'’)
plt.xlabel('Date")

plt.ylabel('Price (USD)")

plt.legend()

plt.grid(True)

plt.show()
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Historical Prices with Moving Averages

1000

price (USD)

400

— BIC Price
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2024-01

Puc.4. CtBopenuii rpadik ajisi TEXHIYHOTO aHaJI3y

2. dyHmaMeHTaNbHUN aHali3:

[leit MeTOn KOHIICHTPYETbCS Ha OLIHII

BHYTPIIIHBOI IIHHOCTI

KPHUIITOBAJIOTH Yepe3 aHali3 TEeXHOJOTIYHOi 0a3u, piBHS BUKOPHUCTAHHS MEPEXI,

JIOCB1Jy KOMaH/IW Ta MalOyTHIX MEPCHEKTUB.

JUist mpuKIIay MOYKHA IPUBECTU aHAI3:

I.  MosxkHa mpoBecTH aHaii3 Ta SKICTh O1I0i KHUTU OITKOiIHA, 3 OCHOBHUMU

npuHIMnamMu podotu 1poro kpunrtoaktuBy (Bitcoin: A Peer-to-Peer

Electronic Cash System (Satoshi Nakamoto - satoshin@gmx.com -

www.bitcoin.org) [3] (puc.5.).

1.

Bitcoin: A Peer-to-Peer Electronic Cash System

Satoshi Nakamoto
satoshin@gmx.com
www bitcoin.org

Abstract. A purely peer-to-peer version of electronic cash would allow online
payments to be sent directly from one party to another without gong through a
financial institution. Digital signatures provide part of the solution, but the main
benefits are lost if a trusted third party is still required to prevent double-spending
We propose a solution to the double-spending problem using a peer-to-peer network.
The network timestamps transactions by hashing them into an ongoing chain of
hash-based proof-of-work, forming a record that cannot be changed without redoing
the proof-of-work. The longest chain not only serves as proof of the sequence of
events witnessed. but proof that it came from the largest pool of CPU power. As
long as a majority of CPU power is controlled by nodes that are not cooperating to
attack the network, they'll generate the longest chain and outpace attackers. The
network itself requires minmimal structure. Messages are broadcast on a best effort
basis, and nodes can leave and rejoin the network at will, accepting the longest
proof-of-work chain as proof of what happened while they were gone.

Introduction

Commerce on the Internet has come to rely almost exclusively on finaneial institutions serving as
trusted third parties to process electronic payments. While the system works well enough for
most transactions, it still suffers from the inherent weaknesses of the trust based model.

Puc.5. bina kHura 6iTkoiHa 3 OMTUCOM OCHOBHUX MPUHIIUITIB POOOTH

KpunroBaotu Bitcoin


mailto:satoshin@gmx.com
http://www.bitcoin.org/
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I[I. MosxHa mpoaHaizyBaTl KOJ| CaMOro KpUNTOAKTUBY. s mpukiamy Koj

OiTKOiHa, po3TaroBanuii Ha github (puc.6.).

~ .
= ) orcon / bicoin Q Type Dt |1 [+ +][e]n]|[a
<> Code ( Issues 30 11 Pull requests 319 ® Actions B Projects 5 @ Security &2 Insights

© bitcoin OWstch & + | ¥ ok B8 - || T sr Tosk
P master ~ ¥ 5 8ranches © 309 Ta: Q file t Add file ~ <> Code ~ About
oin Ci
@ chow01 Merge #30169: fuzz: Fix wallet_bdb_pars b erro y ® v it

i 4 m R

build, 3
b

rrrrrr b =
44

depend: Z

d L4

Releases

© Bitcoin Core 27.0 (Toex

Contributors 95¢
*9970060
e T R 1)

Puc.6. Odimiitanii github GiTkoina.

I1l.  MoxHa mnpoaHali3yBaTH Ta IOCHIAMTH YYacCHUKIB KOMAaHIM TBOPLIIB
KPUIITOAKTUBY, OCHOBHI TOKA3HHUKH, Ta 1110 CTOITh 32 17I€€I0 TIET UM 1HILOT

KpunroBamoTu. J{ist poro uyoBo miaiiae cait coinmarketcap (puc.7.).
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@ CoinMarketCap KpuntosamoTtu Bipxi

$69,466,17 - 112344134.61% (¥c

¥ My First Coin Watchlist

@ Solana XRP Dogecoin Toncoin

¥ Binance's Transactions

Putkoa Kanitanizayis «3.22% $1.37T

#
Ocar (24r) ~ 47.36% $23.04B
OB'em/prHKoBa Kanitanisauin (24 rognHh) 1.68%
Lnpkynauifina nponcanyis @ 19.7MBTC
3JaransHa nponosujia 19.7M BTC
MaKe. nocTauaHHA 2IMBTC
MoBHICTIO po3BE/eHa PUHKOBA KaniTanizauin $1.46T

Odiyiini nocunanHa

@ Bebeaitra (] Binakrwra  €) GitHub

CouyianbHi mepexi

@ Reddit

Puc.7. OcHoBHI (pyHIaMeHTaTBHI TOKa3HUKN OITKOTHA 3 caidTy coinmarketcap.

3. OHueliH-aHAITUKA:

Leii MmeTox BKITIOUAE aHATI3 JaHUX O€3MOCepPEeaHBO 3 OJOKYCHHY, TAKUX
aK OOCST TpaH3akKllii, aKTUBHI aJpecu Ta aKTUBHICTh MallHEpiB, JJISI OIIHKHU
3arajJlbHOr0 CTaHy Ta BHUKOPHUCTAaHHS KPUITOBAIIOTHUX MeEpex. AHami3 nid
KPUIITOBAJIIOTHUX KUTIB (TPaBIliB 3 BArOMUM CTaTKOM, Jli SIKUX MOXYTb 1CTOTHO
BILUIMHYTH Ha peaii Ta CTaH LIIH aKTUBY).

B 1eit nepenik MokHa BIJTHECTH HACTYIIHI 1HAUKATOPH:
1) HODL Waves, 300paxxenuii Ha (puc.8.). [IpuHimn podoTH 10ro
IHIUKATOPY HACTYITHUIA: BC1 aPECH KPUMNTOAKTHUBY PO3MOIIISATHCS
Ha JIEKUIbKa TPYI MO iX aKTUBHOCTI, Ta «Baromocti». [loTiM e
MPE/ICTABIICHHS 3MIH 110 KO>KHIH 3 IPYII B 3aJ1€KHOCTI BIJI IJIaHIB Ha

3pICT UM Ma/JiHHA aKTUBY.
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Puc.8. HODL xBuuii Ha npukiaai 0iTKOiHA 3a IeAKUN TPOMIKOK [6]

2) Takoxx mokaa npuBect NVT Ratio ingukarop, skuii Ma€e B co0i
CYTHICTh BIJTHOIIIEHHSI PUHKOBOI KaiTami3ali 10 00’ eMy BUKOHAHUX
Tpan3akuii B USD, meil iHauKaTop NO3HAYa€e 4d MPEOLIHEHUM

akTuB. [7]

JIis mporo THIy aHallidy 3py4dHo BHKopucToByBath cepBic GlassNode [7]
CKPIHIIIOT OCHOBHHUX JOCTYITHUX MOKA3HUKIB SKOTO MpeacTaBicHui Ha (puc.9.) Ha

npukiaai bitkoina.

Puc.9. [Ipuknan cepsicy mains on-chain ananizy, GlassNode



14

4. Amnani3 HacTpOiB:

Leit MmeToa mosisirae y BUBYEHH1 OOrOBOPEHB Y COIIAIbHUX MEpeKaX, HOBUH,
¢dbopyMiB 3 METOIO OIIHUTH AYMKY JIOACH MPO Ty UM IHIIY TeMy, TOM UM 1HIIUI
aktuB. lleil Meron MOAIIAETHCS HAa 2 OCHOBHUX aHali3 3arajlbHUX HACTPOIB
MIMPOKUX Mac JIOJICH, TaK 3BaHMM aHaji3 COLIAJIbHUX MEPEX, Ta aHali3 OlIbIl
MeJia pecypciB Ta HOBUH 3arajioM.

|.  AHami3 comlalbHUX MEpPEX € BIIOOpaKEHHSM HACTPOiB
JIOJIEM [UIAXOM BHUBYEHHS Ta aHali3y TeM, €MOIIHHOro
3a0apBiieHHs OOroBOpeHb Ha colialbHUX Iathopmax. Jis
NpUKIIaay, MoKHa BUKoprcToByBatu: Twitter, Reddit, Facebook ta
111, el MeToz BUSBIISIE 3araibHy COLIANBHY AYMKY Ta ii HAsIBHUN
Yy MaiOyTHIM BIUIMB Ha KPUINTOAKTUB. [103UTHMBHI KOMEHTapi 3
OUIBILIOIO BIPOT1JHICTIO MO3UTUBHO BIUIMHYThH HA BapTICTh aKTHBY,
a HETaTUBHI — HaBIIAKU.

Sk OCHOBHI CKJIaJIOBI IILOTO METOJY MOKHA TMPHUBECTH: 301p
nanux uepes API coumMepek, aHaiz caMux HaCTPOIB uepe3 MPOIMmyCK
TekcTiB  uepe3 NLP wMepexi st BHUBUEHHS TOHAIBHOTO
3a0apBieHHs TekcTy. Sk NLP-Mepexxy MokHa BUKOPHUCTOBYBATH
OyIb-sKHil anroput™M OOpPOOKM NPUPOAHBOI MOBU Ta HACTYITHY
Kiacuikaio TeKCTiB o HacTposiM. [licis mboro BU3HAYAIOTHCS
OCHOBHI aKTyaJibH1 TEMHU, K1 Ha3apa3 HalOIbIIIE I[IKABJIATD JFOACH.
[ToTim depe3 mocTiiiHUIT a00 MEpPIOAWYHUN  MOHITOPUHT
BIJICTEXKYIOTHCSI 3MIHU HACTPOIB Ta iX BIUIMB HA L[IHY KPUIITOBAJIIOT.

II. Amnami3  HOBMUH  moOJsra€ y  BIJICIIAKOBYBaHHI
3aKOHOMIPHOCTEH Mi’K HOBHHAMH, BEJTMKUMH TIOIISIMU Ta 3MiHAMH
I[1H aKTUBIB. 3 OCHOBHMX HOBUH MOKHA MTPUBECTHU: BINHU, KPUTHYHI

MMOKA3HUKHA E€KOHOMIYHHX JOCATHCHD, 3MIHH 3 3aKOHOIaBCTBax
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KpaiH, peryJsTopHi Aii 3 00Ky yCTaHOB YHM HAaBIAKU JOCATHEHHS,
BIJIKPUTTSL.

OCHOBHMMHM CKJIQJIOBUMHU € TaKOX IMO-Tiepiie — 30ip JaHUX
yepe3 oOOpaHMX pecypciB, aHali3 3MICTy, iX IOoJaJbIlla
KJacuikariis Mo TOHAJILHOCTI Ta CIIBBIAHOMIEHHS 3 IiHaMH. [Tics
IFOTO MTPOBOAMTHCS aHANI3 BIUIMBY Yepe3 CIIBCTABICHHS HOBUHU

Ta 3MIHH [[1HU.

5. Mamunne HaByanus (ML)

3 PO3BUTKOM TEXHOJIOT1M MAIIMHHOTO HABYAHHSA 3’SIBUBCS 1€ OJIMH METOI,
Ha3BeMo ioro: Meroa Mogaeneii [IpornozyBanHs 1iH. B HbOMy BUKOPUCTOBYIOTBCS
CTaTUCTUYHI aJrOPUTMH, METOJAM MAIIMHHOTO HaBYaHHS Ta CKJIAJHI MaTEMaTHUYHI
dbopmyH 1711 IPOTHO3YBAHHS MAaHOYTHIX I[1H HA OCHOBI P13HUX MOKA3HUKIB.

OaHuM 3 OCHOBHHUX METOJIB MAIIMHHOTO HaBYaHHSA, AKI MIAXOIATH I
nporuo3yBanHs 1id € LSTM (Long Short-Term Memory) Ta GRU (Gated Recurrent
Unit) moneni. BoHr MOy Th 3HaXOAUTH 3aKOHOMIPHOCTI B Pi3HHUX THIIAX JaHUX.

Opniero 3 mepeBar MbOro METOJy MOKHA BBa)KaTH BHUCOKY TOYHICTH TPH
HassBHOCTI BEJIMKUX OOCSTIB SIKICHUX JaHuX. SIKICTh JaHUX Ta BIACYTHICTh
MPOIYCKiB, TaK 3BaHUX TeEMiB, MOXKE BIIYYTHO BIUIMHYTH Ha SIKICTb PE3YJIbTATIB
MPEIIKIICHY.

3 HedoJKIB OO0 METOHa MOKHA BBakKaTu: HeoOX1IHICTP MaTH BEJHKI
o0caru gaHUX Ta pecypciB. HeoOXiAHICTh aHami3yBaTH IIl JaHi, 3allOBHIOBATH

MPOITYCKH Ta MTPOBOJIUTH MOCTIITHE TOHABUYAHHS MOJIEIICH.
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1.3. AmHami3 icHyuYMX TOTOBMX [JOAAaTKiB /Jsi mnepeadayeHHsA

(pinaHCOBUX PUHKIB

B pamkax po6otu 0yJo 3Hal€HO Ta MpOaHATI30BaHO PE3yIbTaTH IEKIIbKOX
TOTOBHUX JOAATKIB IO aHali3y HE TUIBKH IIiH, a 1 3arajoM YHCIOBUX PSIiB.
[IpoBeneHo momryK 3aKOHOMIPHOCTEH 110 Tiepe10aueHHI0 MaiOyTHIX 3HaYEHB B ITHX
poborax.

|. ®pakranbHuil aHai3 Ta NPOTHO3YBaHHA TEHJAEHIN ()IHAHCOBOIO
4acoBOro psy. [8]

B 1ii1 po60Ti 3anponoHOBaHO BUKOPUCTOBYBATH MeTO1 (PpakTasibHOrO (puc.10)
aHaii3zy 4JacoBux psaiB. Lleil mMeTon ocHOBaHMN Ha MOKa3HMKY Xepcra Ta V-
CTaTUCTHIII, IO € abTEePHATUBAMHU T1MOTE31 €PEeKTUBHOCTI PUHKIB. B 1iif rimoresi
(dbpakTabHOTO PUHKY BpPAXOBYETHCS SK BIUIMB JIIKBIAHOCTI Ha I[IHM, TaK 1
MOKA3HUKHU 1HBECTUIIITHUX TOPU30HTIB MOBEAIHKHU 1HBeCcTOPiB. [Ipu mbomy, xo1He
CTaTUCTHYHE OOMEXKEHHs He gie Ha mnpomec R/S-amamizy. 3aramom 1e
MpPECTaBICHHS HAOOPY CTATUCTUYHUX METOJIB JJISI aHAJI3y YaCOBUX PSAIB, IO
JTO3BOJISIIOTH BU3HAYHUTH 1XHI BOKIIUBI XapaKTEPUCTUKU . HASIBHICTh HETIEP1OUIHIX
LMKJIIB, IaM'sITh, YyTJUBI 3MIHU Ta IHIII MOKa3HUKU. B pamkax wiei podoTu Oyio
npoBeneHo R/S-anani3z Baprocti akuiii kommanii IBM 1 HamaHO MPOTHO3 MIOAO

TEHJICHI[I! 11H Ha ()IHAHCOBUX PUHKAX.

A

.irvir.
o 5 B

A

AALALLLLLALRS ,ﬁi+. Ad

Puc.10. 3o0paxkenHst npuHIHY HPaKTaTbHOCTI
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II. IIporHo3yBaHHs TeHJEHIIIM (hIHAHCOBUX PUHKIB 3T1HO 3 TEOPIEIO
Emiora ta cepsic Crypto forecaster. [9]
B pamkax miei po6otu Oyno mpoaHaaizoBaHO pi3HI (iHAHCOBI PUHKH Ta Oyia
3po0JIeHa MepeBipKa MOKIMBOCTI IPOTHO3YBaHHS 3a AormomMoror Xsmwib Emiora.
Teopis XBuns Exiora (puc.11) rpyHTyeThes Ha 1€, 10 BC1 PUHKH PYyXarOThCS
3TiITHO TEBHUX IMAaTEepHAX, SIKI € IMUKIIYHUMHU Ta TOBTOPIOIOTHCS. 3TIAHO 3 IIEIO

TGOpi€I—O CJIiI[YBaHHSI MUMHU ITaTCpHAMHU MOXKC JOIIOMOI'THU B HpOI‘HOBYBaHHi HiHOBI/IX

pYyXiB.

Puc.11. 3o0paxkeHHs mpuKiIaay XBWiboBoro Meroaa Panbda Emiora

3 OCHOBHUX MPUHIHUIIB I[LOTO METOJIa MOKHA HAa3BaTH:
e HasBHICTh IMITYJILCHUX XBWJIb. 3T1JTHO 3 LI€H0 TEOPI€I0 PUHOK PYXAETHCS
3TiTHO TOJIOBHOTO TpeHay. Lleit Tpenn ckinamaerbes 3 5-TU XBWIIb, TPH 3
AKUX UIyTh 3T1JTHO OCHOBHOTO HAMPSIMY, Ba — MPOTUIIEIKHO.
e HasBuicTe kopekuiiHux xBuib. KoxxkeH pa3 micis 3aKiHYEHHS

IMITyJIbCHOTO PYyXY, HalpsiM IJI00albHO 3MIHIOETHCS HA MPOTHIICKHHIA,
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TaK 3BaHUM KOpekuiHui. Llei pyx ckiamaeTbes BXe 3 3-X XBUJIb, /Bl 3
SIKUHA UTYTh IPOTH TPEHY, 1 TIJILKU OJIHA 3a HUM.
o OpakranpHuil ¢yHAAMEHT NPUPOAM XBUJIb. bynb-sika okpema B3sTa

XBWJISL B CBOIO Yepry Mo)ke OyTH MOJiIEeHa Ha MEHIIl XBWJI, sIKI MalOTh

TaKy caMy CTPYKTYypy.

I1l.  Po3pobGka moxeni BuAOOYTKY 3HaHb JJI1 IPOTHO3YBaHHS
(1HaHCOBUX PUHKIB 3 BUAUICHHSIM TUIIOBUX TEHACHIIN 3 4aCOBOTO
paay ta texnosoris Knowledge Mining. [10]

B pamkax 1iei ctaTTi OyJ0 mpoaHaii30BaHO Ta PO3pOOJIEHO MOIENb BUIOOYTKY
3HaHb TPOTHO3YBAHHS 3aJICKHOCTEH YaCOBUX PSAJIB IUIIXOM BHKOPHUCTAHHS
Knowledge Mining npunnumny. JocmipkyBaHa MOJENb CKIAIA€ThCS 3 YaCOBUX
PAIB Ta MPUXOBAHUX TCHACHIIINA. Psu € mpocToro MociiqoBHICTIO 310paHuX TaHUX
B MEBHI MOMEHTH 4Yacy. TEHJIEHIISIMM € cami TMaTepHU, AKI HAKIAAaloThCs Ta
3HAXOAAThCA 3 UX psgax. Came MO UM TEHIICHIIISIM 1 pOOUTHCS Mepea0oadyeHHs.
[Mpurmmn Knowledge Mining ckiamaeTses 3 ABOX 3aaad: MPSMOI Ta 3BOPOTHOI.
3riJIHO 3 MPSAMOIO, MU pOOUMO NepeAdauYeHHs 3T1THO 3 ICHYIOUUX (PaKTOPIB, TOI SIK
3BOPOTHA MPAITIOE 3a]J1s1 BUSIBJICHHSI caMuX (DaKTOpiB AKI MaJd BIUTUB HA MUHYIJII,
B)KE€ 1ICTOpHUYHI, JaHi.

B pamkax 1i€i poGotu Oysi0 TpOBEACHO JeKiIbKa METOJIB OIIIHIOBaHHS
XapaKTEPUCTHK BUHANWICHUX MPUXOBAHUX 3HAHb, a CaMe:

1. Ouinka  HecynepewyHocTi.  [IpoBoauThcs
aHaI3 Yu HE CymnepeyaTh BUHAWICHI 3HAHHS
OWH  OJHOMY Ta  HACKIIbKM  BOHHU
JIOTIOBHIOIOTH OJTHE OJTHE.

2. Omigka noBHOTH: HacCKUIBKM CHJIBHO Ta
SIKICHO 111 BUHAWICH1 3HaHHS TTOKPUBAIOTh BC1

ICHYIOU1 aCIIEKTH.
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3. Ominka 3B’g3HOCTI. HacKUIbKM BHUHaNACHI
3HAHHA 3JIeKaTh Ta YU BUIUIMBAIOTH OJHE 3

OJTHOTO.
3aranom, OyJ0 MEPEBIPEHO Ta MPOJEMOHCTPOBAHO, IO ONTHUMI3allisl MOJAEI
3TiTHO HaBYaHHS i1 Ha PO3pOOJICHIM BUOIPI AO3BOJISIE BUHAWIACHUM 3HAHHSIM
HaO0yBaTH CEMaHTUYHY CKJIaJ0BY. Byso m0BeeHO 3B’ 130K MK CTYTICHSIMH OIIHKA

3B’SI3HOCTI Ta OLIHKOIO MOBHOTH 3rigHo npuHnumy Knowledge Mining.

IV. Meronomoriuauii  migXig 10 MPOTHO3YBAHHS 1HBECTHUIIIMHOI
pUBa0JIMBOCTI (PiHAHCOBOTO PUHKY YKpainu. [11]

B miii  poOoTi gocmipkyBaBcs —mpouec  (OpMyBaHHS  IHBECTHIIIHOL
MpUBAOJIMBOCTI PI3HUX KpaiH Ta (¢iHaHCOBUX puHKIB. OCHOBHA ilied poOOTH
CKJIaJaJ1ach 3 JOCTIIPKEHHS Ta MPEICTAaBIECHHS METOIMYHOTO MIIX01Y 10 OOy 10BU
TUHAMIKM  (OHJOBHX PHUHKIB Ta MPOTHO3YBAaHHS TOBEAIHKM iX YYaCHHKIB.
[IponoHy€eThCS PIBHOBA)KHO-BHUITAJAKOBUM aJITOPUTM Ha MPHKIAAl JTOCTIHKCHHS

PUHKY OIIIIOHIB.

V. BeliBner-nepeTBOpeHHsI Ta BEKTOPHI aBTOPETPECHMBHI MOJEINI Ha
OPUKIaAl JOCIHIDKEHHS TEeHJEHLIH (OHAOBOrO PHUHKY YKpaiHu
BIJIIIOBIIHO 10 30BHIIIHIX YHHHHKIB. [12]
B npomy pociiakeHHi 0y0 IpoBEIEHO aHal13 3a1€KHOCTI 30BHIIITHIX YAHHUKIB
Ha (pIHAHCOBUN PUHOK YKpaiHU, BUKOPUCTOBYIOUH JIEKUIbKAa METOJIB BEUBIIET-

MEPETBOPEHDb T4 ABTOPETPECUBHI BEKTOPHI MOJIEITI.
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VI. ®opcaiiT edexT qisa nepeadadeHHss puHKY HadTH Ha CBITOBOMY
piBHi. [13]
3riHO 3 HABEJCHUMHU JOCTIKEHHSIMHU B paMKax €l cTaTl, BAKOPUCTOBYIOThCS
JI0 PO3KPUBAETHCS TEPMIH «(PopcaidT» Ta HOTO MPUHIIUIN HOTO BUKOPUCTAHHS JIJIS
nepeadadeHHs. 3arajiom, el METOJ| € MiIXO0I0M JTOCIHIKEHHS MOKJIMBOCTEH Ta
Oa)kaHUX CIIEHapIiB B JIOBFOCTPOKOBUX CTpATETIfX.
3 OCHOBHUX XapaKTEPUCTHUK LLOI'O METOAY MOXKHA MPUBECTHU:
1. Tlepioguunicth. IIporHo3u TypTyIOThCS Ha
TEMEePINIHIX TeHICHIIISIX Ta peaisX, BiAMOBIIHO
710 UMOBIPHUX MalOYTHIX KOPEKIIIH.
2. CrnpsiMmoBaHICTh Ha  MOOYIOBI  CTpaTerii.
OCHOBHMMU YWHHUKAMH JI0 TIPOTHO3IB €
c(hopMOBaHi CTpaTerii.
3. KonextusHi pimenHs. Excrieptu Ta 3aifikaBieH1
CTOPOHU MAaloTh BIUIMB Ha MOOYAOBY CILIBHOT
CTparterti.
4. JluHaMI4HICTh Ta IHTEpPAKTUBHICTh. [locTiitHi
KOpEKI[ii BIAMOBIIHO JO HOBHUX [JIaHMX Ta
YUHHHUKIB.
3riJiHO 31 CTATTEIO, 3’ ICOBAHO 110 BIJMOBIAHO 10 BAKOPUCTAHOTO METO1Y, HaTa
3aJIMIIUTHCS BCE LIE KIOYOBUM JKEpPEIOM eHeprii B cBiTi. OCHOBHUMH 3 (paKTOPiB
BIUIMBY HA PUHKA HAPTONPOAYKTIB € TEOMONITHYHI, (iHAHCOBI Ta
MaKpOEKOHOMIYHI YMHHUKH. AJIe TIPH IIbOMY, OUIKYIOTCSI CyTT€EBI TpaHchopmarii.
Lleli meron A03BOJISIE HUISXOM MOOYAOBH pPI3HUX CIEHapiiB MaiOyTHBHOTO
nepeadayaTH MOKIIMBI 3MIHM Ta BIUIMBAaTH Ha MalOyTHE NUIIXOM (HOpMYBaHHS

cTpaTeriil Ta aii BIIMOBIAHO 10 HUX.
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VIl. TlporHo3yBaHHSI OCHOBHUX TEHJICHIIM JeMorpadiyHuX MPOIECIB y
pi3HuX perioHax Ykpainu Ha npukiai JIbBiBcbkoi obmacri. [14]

J1J1s O1TBIIOT SICHOCTI PO MOKITMBOCTI BUKOPHCTAHHS aHAJI3y METO/I1B YACOBHUX
pAaniB, Oys0 MpoaHaai30BaHO POOOTY, sIKa HE CTOCYEThCs (PIHAHCOBUX YCTAHOB Ta
1HBECTUIIIMHIX MOXKJIUBOCTEH.

B nmanomy mocmimkeHHi 0yJio IPOBEICHO AETATLHUAN OTJISAT CTaHy JAeMorpadii
Ha npukiaal JIbBIBCbKO1 00J1acTi Ta MOKa3HUKK HAPOJKYBAaHOCTI, CMEPTHOCTI Ta
MIrpariii B I€EBHI MOMEHTH Yacy.

[IpeacraBiena Mojelb MPOrHO3YBaHHS KIIBKOCTI HACENEHHSA B MallOyTHbOMY
po3paxyBajia OCHOBHI TeHjeHIT g0 2050 poky. BukopucToByro4YM cTaTH4HE
MOJICTIOBaHHs, OYyJI0O CTBOPEHO 3 MOMXJIMBI BapiaHTU PO3BUTKY TMOJIi:
ONTUMICTUYHUM, ONITUMAJILHUNA Ta MECUMICTUYHUNA. 3T1HO 3 pe3yJIbTaTaMH I[bOTO

JTOCHIKEHHS, 0YJIO PO3pOOIEHO MOXKIIMBI Jii 110 KO)KHOMY 3 BapiaHTIB.

1.4, JlocaigskeHHsI CyYacHHX KOHIeNUid oOpoOKkU BeJMKHX 00CATIB
JTaHUX
1.4.1. 36ip ma 36epicanus danux
B pamkax Hamoro 3aBmaHHS BaKJIUBUM 3aBIaHHSAM OyJI0 MpOaHATi3yBaTH
Ta 00partu cnocid 30epexxeHHs naHux. g Hamoro cnocoly Ay»e BaKJIMBUM €
IIBUKICTh YUTAHHS JaHUX JUISl TIOKpPAIEHHS HIBUIKOJIT HAaBYaHHS MOJENeld Ha
BEJIMKOT KUIBKOCTI JaHUX Ta 1 HAJIHHICTh 30€pEKEHHS [IUX JTaHUX.
TaOnuis mopiBHSIHHA 3 MepeBaraMy Ta HEAOJIIKaMU OCHOBHMX 1CHYIOUHX

crioco0iB 30epeKeHHS TAHHX
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Tabnuys 2

ITopiBHSIHHA OCHOBHMX THIIIB 023 TaHUX Ta CNOCO0IB 30epesKeHHsA

Tun bas | Oouc [Ipuknagu [IepeBaru Henomikn
JTaHUX
Pensamiit | 36epexxenns ta | MySQL 1) Bucoka cTabinpHicTh | 1) OO6mexeHa
Hl 0a3u | ynpaBiiHHS PostgreSQL | Ta HaxiliHICTh MacIITaboBaHICTh
JaHUX | CTPOro Oracle 2)  CrangapTu3oBaHa | pu BEJIMKUX
(SQL) | TumizoBaHUMH MoBa 3anuTiB (SQL) oOcsATax JaHuX
Ta 3) [Minrpumka | 2) [lepeBurieHHs
CTPYKTYpOBaH TpaH3aKIIii Mex
MU JaHUMH 31 4) BukopucrtanHs | npoayKTUBHOCTI
30epeKeHHIM 30BHINIHIX KIIOYIB IS | IPH BEJTUKII
y BUTJISLIL LJTICHOCT] JaHUX KUJIBKOCTI
TaOIMIb,  SIKI OJTHOYACHUX
MaIOTh 3amuTIB
BiJTHOIIICHHS 3) Ilomepentpbo
MiX c00010. BU3HAaYeHa cXeMa
JaHUX
NoSQL | HectpykrypoB | MongoDB | 1) 'myukicte y po6oti3 | 1)  BiacyTHicTb
0a3u aHi abo | Cassandra HECTPYKTYPOBaHUMU CTaH/IapTU30BaHO
naHux | HamiBCTpyKTyp | Redis JTAaHUMH. i MOBU 3aIUTIB
OBaHi JaHi.. 2) 3natHicth g0 | 2) IlpobGaemu 3
TOPU30HTAILHOTO IITICHICTIO JaHUX
MaciTaOyBaHHS y  PO3MOAIICHUX
3) Bucoka | cucremax

IPOAYKTUBHICTb
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Tabnuys 2 (npoooesicennsi)

ITopiBHSIHHA OCHOBHMX THIIIB 023 TaHUX Ta CNOCO0IB 30epesKeHHsA

Tun bas | Oouc [Ipuknagu [IepeBaru Henomikn
JTaHUX
Posmozi | 36epexeHHs Hadoop 1) Bucoka | 1)  BigcyrtHicTh
JeH1 BEJINKUX HDFS MacmTaboBaHICTh CTPYKTYPH JAaHUX
daitnosi | 00csariB manux, | Apache 2) Benuka mpomyckHa | 2) OomexeHi
cucteM | po3noainenux | Cassandra 3/IaTHICTh MO>KJIMBOCTI
u MDK KUIBKOMa 3aIMTIB
CepBEPaAMHU.
Xwmapni | MacmraboBani | Amazon S3 | 1) Jlerka | 1) 3miHHa
cxoBull | pimeHds s | Azure Blob | macmraboBanicTh BapTICTh
a 30epeKeHHs Storage 2) Bucoka JIOCTYIHICTh | BHKOPUCTAHHSI
Oyb-sKoi Google Ta HAIIUHICTh 2) [ToreHuiui
KUTBKOCTI Cloud O0OMEeKEHHS
JTAHUX Ha | Storage KOHTPOJIIO 3a
BiJIJTAJICHUX 6e3nexo.
cepBepax. 3) HeoOxigHicTh
MaTH TOCTIHHUN
CTaOLTbHUI
IHTEPHET 3B’SI30K
bazu [Minxin Redis 1) HefimoBipHO BHcoka | 1) OOMexeHicTh B
JaHHUX B | 3aKiagaeThes y | Memcached | mBuakicTs goctymy a0 | 00’emi Ta
omepatu | 30epeKeHHI JAHUX KUIBKOCTI ~ JJaHUX
BHIH BCi€l abo 2) Iligrpumka pi3HEX | A5 30€pEeIKSHHS
nam’siTi | TUIbKH CTPYKTYp Ta THUIHIB | 2)
YACTUHHU JAHUX TAaHUX HecraOinpHIiCTD
B KeIIax 30epeKeHHsT  Ta

HOCTIMHI PU3HUKH
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Tabnuys 2 (npoooesicennsi)

ITopiBHSIHHA OCHOBHMX THIIIB 023 TaHUX Ta CNOCO0IB 30epesKeHHsA

Tun bas | Oouc [Ipuknagu [IepeBaru Henomikn
JTaHUX
OTIepaTHBHOI pU3UKH  BTpaTH
nam’siTl. JAHUX Ipu
HeCcTablIbHOMY
YKUBJICHHI
OIIEpaTUBHOI
mam ’sITi,
MO>KJIMBICTh
BTPATH JTaHUX
Yacori | Cuctemu s | InfluxDB 1) OnrtumizoBani s | 1) ObOmexeHi
psaau 30epexeHHs Ta | Prometheus | wacoBux maHux MOJKJIMBOCT1  JUISI
(Time- | ynpaBiiHHS TimescaleD | 2) Bucoka IIBHAKICTH | HEYACOBHUX JAHHUX
Series | manumu ctporo | B 00poOKH 2)  TlorenmuiiHi
6a3u npusHauennmu | OpenTSDB CKJIQHOIITI 3
JAHHUX) | YaCOBUMH HiATPUMKOIO  Ta
MITKaMH. BUKOPUCTAHHIM
CKJIQJTHUX
CTPYKTYp JaHUX

3riiHO 3 mpoaHaji3oBaHO iH(dOpMaIllio, OyJI0 3’SICOBAHO IO Cy4YacHI METOIU

JI03BOJISATH SIKICHO OOpOOJIATH BENUKI JaHl B OyIb-SKOMY 3pydHOMY (opmari,

TITLKH HEOOX1THO oOpaTu moTpiOHMI opMat Ta TUI O6a3U TaHUX.

1.4.2. Ilonepeous obpobka ma owunyeHHs OaHUX

[TontepeHi aHasi3 Ta 00poOKa TaHUX € KPUTUYHO BAKITUBUMM JIJIs1 TOKPAIIEHHS

SIKOCT1, TOUHOCTI Ta HAAIMHOCTI pe3yabTaTiB poOOTH MOJIeNIel Ta CaMUX MOJIEIIeH.
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[IpencraBUMO OCHOBHI €Taly MOIMEPEIHbOI 0OPOOKM Ta OYMINCHHS JaHUX B

Taomum 3.
Tabnuys 3
OcHOBHI eTanu nonepeaHbOI 0OPOOKHM TA OUMIEHHS JTAHUX

Ne | Ha3sa erany Omuc [Ipukianu MeTomiB

1 | O0'eqnanus 3muTTd  JaHUX 3 pi3HUX | Bupimenas JTyOJIFOBaHHS
JAHUX (Data | mxepen NaHuX, yHI(iKais popMaTiB
Integration)

2 | Ounmenns nanux | BusiBieHHsT Ta  KOpEKmis | 3alOBHEHHS  TPOMYIICHUX
(Data Cleaning) MOMMJIKOBHX, IPOIMYIICHUX | 3HAYCHb, BUIAJICHHS

a00 HEMOBHUX JaHUX nyOJikaTiB, KOPEKITis
aHoMaJii

3 | Tpanchopmamis | 3miHa dbopmary a6o | Hopmamnizaris, arperariis,
JTAHUX (Data | ctpykTypu ganux pO30UTTS Ha KaTeropii
Transformation)

4 | ®inprpanis ganux | Binbip peneBanTHUX nanux | Bin0ip maHux 3a ymMoBaMu,
(Data Filtering) KPUTEPISIMH

5 | ®opmaryBaHHs [leperBopennss  nmanux Yy | IleperBopeHHst ¢popmaris nar,
JAHUX (Data | BinmoBigHuUit popmar YUCJIOBUX 3HAYEHb
Formatting)

6 | IlepeBipka nanux | [lepeBipka  TouHOcTi  Ta | [lepeBipka Jiana3zoHiB

(Data Validation)

y3TO/IKEHOCTI JAHUX

3HauYeHb, nepeBipka popmarin

Le#t mporiec BKITIOYAE B 3IUTTS MOMEPEIHBO 310paHuX JaHUX UIS TTOJAIIBIIOTO

anamizy. Ilicns mporo e eranm ouncTku AaHUX. HacTymHUM Ba)XJIMBUM €TaroM €

TpaHchopmarlisi iX B CYMICHMIA Ta KaTerOpu30BaHUM BUTIIAA. [X momanbina

¢binpTpatliss Ta octatouHe (opmaTyBaHHS IJi MOJAIBUIOTO BUKOPHUCTAHHS IS

HaBYaHHS MOJIEJIEH.

3anoBHEHHS BIJACYTHIX JaHUX MOXKE€ B1JI0YBaTUCA ACKIJIbKOMa CIIOCO0aMHU:
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e 3amoBHEHHS CepeIHIMHU 3HAUCHHAMU
3amoOBHEHHS CEPEHIMU 3HAYCHHSAMHU TOJISITA€ B 3aMiH1 BIJCYTHIX 3Ha4YeHb
CepemHIM 3HAYCHHSIM JJIs I[LOTO aTpuUOyTy, NPH IIbOMY BHUKOPHUCTOBYETHCS BEChH
MIPOMIJKOK HasIBHUX 3HAYCHb.

dopmyia 11 00paxyHKY CEpeIHbOTO 3HAYCHHS HACTYIIHA:
no
Mean = % (1.1)

Jle x;- 3HaueHHs aTpulyTy, N — KUJIbKICTh HasIBHUX 3HAYCHB
[Ipuknan:
Posrnsaemo Habip manux: [2,3,N,6,8]. s 00UMCIIEHHS CepeIHbOr0 3HAUCHHS

M1JICTABUMO BC€ B (POPMYITy Ta OTPUMAEMO:

n
nx;  2+4+6+8
Meanzzl‘nflz : =5

[TincTaBUBIIM MIPOITYIIIEHE 3HAYCHHS OTPUMAEMO HACTYIHMI Haoip: [2,3,5,6,8].
e 3aroBHEHHS MeI1aHOI0
3amoBHEHHS MEI1aHO IMOJIATa€e B 3aMiHI BIICYTHIX 3HAYEHBb MEIaHOIO JIJIS I[bOTO
aTpuOyTy. MeiaHoto € 3HaYeHHS, 1110 AUIUTH Ha0lp Ha JIB1 pIBHI YaCTHHHU.

®opMmyna 711 00paxyHKY MeJ1aH! HACTYyIHa:

n+1

Sorted (x) [T ,

Sorted(x) E] +Sorted(x) B+ 1]
2

(1.2)

)

Jle Sorted(X) — BnopsiikoBaHMiA HaOip 3HAYCHB, N — KIIBKICTh HAIBHUX 3HAYCHb
[Ipuknan:
Posrnsaemo HaGip ganux: [2,3,N,6,8]. s oOuucieHHs] MeiaHu IiJICTABUMO

BCE B (popMyITy Ta OTPUMAEMO:

4+6
Median = T=5

[TizcTaBUBIIK IPONYIICHE 3HAYCHHS OTPUMAEMO HaCTyHMiA Habip: [2,3,5,6,8].

e 3amnoBHEHHS MOIOIO
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3anmoBHEHHS MOJO TMOJIAra€ B 3aMiHl BIJICYTHIX 3Hau€Hb HAMOUIBII YacTO
3yCTpIUalO4rM 3HAUYCHHSIM B IIbOMY Ha0OOpi.

dopmyna:

Mode = max(Frequency(x,)) (1.3)

Jle Frequency(x,) — 9acToTa OSIBM 3HaYCHHS B HAOOPI.

[Tpuknan:

Posrnsaemo Habip ganux: [2,4,N,4,8]. Jlns o04uCIeHAs] MOAM TTiCTAaBUMO BCE
B (hopMyIly Ta OTPUMAEMO:

Mode = max(Frequency(x,)) = 4
[TizcTaBUBIIM TPONYIIICHE 3HAYCHHS OTPUMAEMO HACTyHuA HaOip: [2,4,4,4,8].
e 3anoBHEHHS BUKOPUCTOBYIOUM METOJIU Nepei0aueHHs JaHUX

HaiiuacTimme BHKOPHUCTOBYETHCS ISl 3alIOBHEHHS «TEMiB» IS TOMABIIOTO

HABYaHHS MOJIeJIel MallTMHHOTO HaBYaHHSI.

= JliniiiHa perpecis

BukopucToBye JliHIMHE CIHIBBIJHOIIEHHS MDK aTpuOyTaMu ajis
MOJIAJIBIIIOTO PO3PaXyHKH BIJICYTHIX 3HaY€Hb.
dopmyna:
y =a+ bx (1.4)
Jle y — mpomyiieHe 3HauYeHHs, X — iHmn arpuOyrth, a i b —
Koe(ilieHTH perpecii.

=  Mertoa HaUOIMKINX CYCITIB

BukopuctoBye HalOmMxk4i 3HAYEHHS [0 TMPOMYIIEHOTO IS
00paxyHKY.
dopmyia:

1vk
y =-2i=1 Y1 (1.5)
Jle y — ipomyIiieHe 3HaYEHHS, Y, — 3HAYCHHS HAMOIMKINX CYCI/iB,

K — KUIBKICTB CyCIiB.
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MosxHa 3pO6I/ITI/I BHUCHOBOK, IITIO KOKCH MCTO/JI Ma€ CBO1 IIepeBaru Ta HG,ZIOJIiKI/I

Ta Ma€ BUKOPUCTOBYBATUCH B 3aJICKHOCTI B XapaKTepy Ta TUILY JaHUX, BUMOT JI0

TOYHOCTI. BI/IKOpI/ICTaHHH MCPIIUX TPpbOX MGTOI[iB € IIPpOCTUMHU Ta MBUIKUMUH, K1

MIXOIATh 711 OIBIIOCTI BUNIAAKIB. MeTou nmependadeHHsl J03BOJIATh OTPUMATH

OUTBII TOYHI PE3yNIbTaTH, ajl€ BOHU MOTPEOYIOTh OULIBIIOI KITBKOCTI pecypciB Ta

OOYHCIICHb.

O6po61<a Ta YUIICHHA AAHUX IIEPCI BUKOPUCTAHHAM € BAXKIIMBUMU €TallaMU

I ITIOKPAIICHHA SIKOCTI Ta TOYHOCTI o JaJIbIIINX eTariB.

1.4.3. OcHosHi ancopummu 01 MAUUHHOSO HABYAHHA HA GEIUKUX

OQHUX

IcHyto BenMKa KUTbKICTh PI3HUX aJITOPUTMIB MAITMHHOTO HABYaHHS M1 Pi3Hi

3amadi. OCHOBHI Ta HaOLJIbIII 3aCTOCOBYBaHI 3 HUX OMMUCAHO B TA0OIUII 4.

Tabnuys 4

OcHoBHI AJITOPUTMHA MAIIMHHOI'O HABYAHHA HA BCJIMKHX JAHUX

Anropurm Onuc dopmyna

I'pagientanit | Lle koMmuekcHuid Metoa uist mporuo3is | [Ipornos KOMO1HOBaHOT
OycTUHT IPYHTYIOUHCH Ha JEKUTHKOX MEHIIUX Ta | MOJIEJI:

(Gradient CIIabIIUX MOJCNAX, TaKuX SIK JepeBa

Boosting) pimens. Bid 100pe mepeHOCHTh BETUKI FOO = Xime Qb (),

Habopu JTaHUX Ta MOXeE
BUKOPHCTOBYBAaTHUCH B 3a/1a4ax perpecii

Ta Kiacudikaiii.

Ie h,,(x) — cnabki mozen,

a,, — Baru MoJeneun
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Tabnauys 4 (npooosoicentst)

OcHoBHi AJTOPUTMHA MAIIMHHOI'O HABYaHHA HA BEJINKHUX JaHUX

AJropuT™M

Omnuc

dopmyiia

Bumnagkosi
micu (Random

Forest)

TakoX KOMIUIGKCHHM METOJ, SKHUHU
3aCHOBaHWU Ha 3aCTOCYBaHHI KUIBKOX
JepeB  pillleHb Ta KOMOIHye iX
MPOTHO3M. 3 IIEpeBar MO>KHa MO3HAYUTH
BHUCOKY CTIMKICTh 1O TIepeHaBYaHHS.
[linxomuTh i BHKOPUCTaHHS SIK B
3amayax kjacugikailii, Tak 1 B perpecii

Ta BAXKJIUBOCTI O3HAK.

F(x) = %z h;(x),

Ie h;(x)- nepesa pimeHp

['muboxke
HaBYaHHS
(Deep

Learning)

Ii Tumu Mojenel MOKa3ykTh TapHi
pe3yapTaTd poOOTH MpHU HAaBUYAHHI HA
BEJIMKIN KUIBKOCTI JTAHUX.
Haiinommpenimi - HeHpOHHI Mepexi.

s

BUKOPHUCTOBYIOTHCS

00poOKH 300paxeHb

3TOPTKOBI
HeiiponHi Mepexi (CNN), st 06pobku
MOCITiJOBHOCTEH — PEKypEeHTHI
HelponHi Mepexi (RNN), s o0poOku
OPUPOJHOI MOBH BUKOPHCTOBYIOTHCS

TpaHcPOpMaTOPHI MOJIEIII.

dopmyiia OCHOBHOI

apxiTeKTypu  HEUPOHHHX

MEpEexK:
y = f(Wx +b),

e W - Barm, X — BXiaHi
nani, b - 3cys, f -
pe3yabpTyloua aKkTHBalliifHa

byHKIIIS

LSTM (Long
Short-Term
Memory)

LSTM € mnokpameHuM BapiaHTOM
3BUYAHUX PEKYPEHTHUX HEUPOHHUX
Mepex. B Hux BupimeHo npobiemMu Tak
3BaHOr0 BIJICYTHBOTO TPAJI€HTY, sKa
MO’K€ BUHUKA€ Mpu TpeHyBaHHI RNN.
LSTM mpaiitoroTh, OTPUMYIOUHN Ha BXiJ

KOHTPOJIbOBAHMM MOTIK 1H(POpMaIlii

®opmynu st OOYUCIEHHS

crany C Ta 3Ha4YeHHA

BUXoOIy h:
Ct=ft'Ct-1+it'5t

h; = o, - tanh(C,)
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Tabnauys 4 (npooosoicentst)

OcHoBHi AJTOPUTMHA MAIIMHHOI'O HABYaHHA HA BEJINKHUX JaHUX

AJropuT™M Onuc ®dopmyna

yepe3 Heuponu. [lobpe 30epiratots | e f;, i;, 0; — 3HAYCHHSA

JIOBrOTPHUBAIL 3B’ I3KU MK TAHUMH. HEHpOHIB I 3a0yBaHHS,
BXOJTY Ta BHUXOJTY
BIJIITOBITHO

C; -KaHIUIaTH Ha CTaH

GRU (Gated | IIe cmpomena Bepcis LSTM. Bonu | ®opmyna 00YHCIICHHS
Recurrent TaKOXX MarOTh HEWPOHU Ha BXOJl, aje€ | CTaHy OCEpeKa:

Unit) BOHM B €001 MarOTh MEHIIY KiIBbKICTh
he=1=2) hy1+2

~

'ht

napameTpiB, U0 POOUTH iX MIBUIITUMHU.

He zz —  HEUpOHH
OHOBJICHHS, h; -

KaHIUIATH Ha CTaH

MamuHHe HaBYaHHS Ha BEJIHMKUX JAHUX € TOTY)KHUM IHCTPYMEHTOM JiIsI
aHai3y Ta MPOTHO3YyBaHHA B PI3HUX Taly3sx. BoHO Mae B co0l BETUKY KUIBKICTh
PI3HUX AJITOPUTMIB, MOJIeJIeH Ta TEXHOJIOTIH JII1 HaBYaHHS MiJ pi3HI 3amayi. [1ix

KOKEH THUII 3371a4 He0OX1/THO 00paTu came T1 MO, K1 MAIHAYTh HallKpalle.
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1.5. BucHoBKkH a0 po3aiay 1

Y nganomy po3auti OyJo TPOBEACHO aHaMi3 ICHYIOUHMX IJAXOMIB J0
MPOTHO3YBAaHHS IIiH KPUIITOBATIOT, a TAKOX JOCTIIHPKEHO CydacHI KOHIICTIIii
00pOOKH BEIMKUX OOCSTIB JaHUX.

Hlono ananizy iCHyIOYHX MiAXOAIB 0 MPOTHO3YBaHHS I[IH KPUIITOBAJIOT, OYJIH
BU3HAUYECHI KJII0YOBI ()aKTOPH, 1110 BIUTMBAIOTH HA LIHU KPUITOBAIIOT Ta PO3TIISIHYTI
METOJM TPOTHO3YBAaHHS, TaKl SK TEXHIYHUU aHami3, QyHIaMCHTAIbHUN aHaTi3,
aHaJji3 collaibHUX Meia Toio. Takox Oyyio MpoBEAEHO aHai3 ICHYIOUUX TOTOBUX
JIOJIaTKIB, SIKI BAKOPUCTOBYIOTHCS JJI MPOTHO3YBAHHS 111H KPUITOBAIIIOT.

VY pamkax TOCHiIKEHHS Cy4acHUX KOHIIEIIi 00pOOKH BETUKUX O0CATIB JaHUX
OyJM PO3TJISIHYTI TaKl aCHEKTH, K 301p Ta 30epiraHHs JaHUX, Monepeans oopoOka
Ta OYMILEHHA JJAHWX, MAllIMHHE HABYAHHS Ha BEJIUKUX JaHUX, 00poOKa MOTOKOBHUX
JAHUX B pEAIbHOMY Yacl.

3a IOMOMOroI0 aHajizy IUX MIJXOJIB Ta KOHIIEMHIH OyJi0 BUSBICHO KIIIOUOBI
METOAM Ta I1HCTPYMEHTH, SAKI MOXYThb OyTH 3aCTOCOBaHI Yy KOHTEKCTI
MPOTHO3YBAHHS IIIH KPUNTOBATIOTHOTO PUHKY 3 BUKOPUCTAHHSIM CTATUCTHYHHX Ta
aHamTHuHuX naHux. [lomepenHs oOpoOka Ta aHami3 MUX JaHUX Ma€ BEJIMKE
3HAUEHHA, OCKIJIbKU BIUIMBA€E HA SIKICTh MPOTHO3IB Ta pillleHb, MPUUHATHX Ha iX
OCHOBI.

Otxe, medl po3aia HaJae BaXKIMBI BIIOMOCTI Ta OCHOBH JJIsS TIOJAJIBIIIOTO
JTOCHTIKEHHSI Ta PO3POOKH 1HTEIEKTYalbHOI CUCTEMH MPOTHO3YBAHHS 3MIHU IiH
KPHUIITOBAJIIOTHOTO PUHKY. BiMOBIHO /10 aHAIi3y, BAKIIMBOIO YACTHHOIO MIPOIIECY
Oyne edextuBHa 0OpoOKa AaHWX Ta BUOIP ONTHUMAIBHUX METOJMIB aHAJI3y IS

JOCSITHEHHSI pe3YJIbTaTiB.
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PO3/ILI 2

CHHOCIB IHTEJEKTYAJIBHOI'O ITPOI'HO3YBAHHS ITHOBUX
PYXIB

VY naHiif poOOTI MPOMOHYETHCS CMOCIO I1HTENEKTYaJbHOTO IPOTHO3YBAHHS
I[IHOBUX pPYyXiB Ha KPHUNTOBAJIIOTHOMY pHHKY 3a JOIMOMOTOI TEXHOJOTIH
MaITMHHOTO HABYaHHS 3 aBTOMATU30BaHHUM JOHaBUaHHM. [leit miaxin 3abe3mneuye
MOBHICTIO aBTOMaTUYHUIN Mpoliec 300py, 30epekeHHs, 00pOOKH Ta aHAI3Y JIaHHX,
a TaKO PO3paxyHOK MiATPUMYBaHUX 1HAUKATOPIB. [Ipoliec nependayae CTBOpeHHS
Ta BUKOPUCTAHHS MOJEJIe MalllMHHOTO HaBYaHHS 3 PI3HUMH KOHQITypalisMu Ta
HaboOpaMu MapiB-JAaHuX, TAKUX SK P13H1 [[IHOB1 OKA3HUKH, 3HAYEHHS 00'€My TOPTiB
Ta PI3HI TOProBl 1HAUKATOPU. 3aNpPONOHOBAHMA METOJ MIAXOAWUTH s
MIPOTHO3YBAHHS 11H HA BC1 KPUITOBAIIOTH.

3anponoHOBaHUM MIJX1J] A0 MPOTHO3YBAHHS CKIAJAETHC 3:

1. 3060py Ta arperarii qaHUX

e BukopucTtaHHs HaAaHUX BIAKPUTUX JTaHUX 3 OCHOBHUX OIpK, JOCTYITHUX
B YKpaiHi, Ha npukiazal Oipxi Binance.

e ABTOMaTH30BaHUU 301p AaHHUX 3 OIpXK Ta X MOAJbIIe 30€peKeHHS B 0a3y
JaHUX.

2. Tlomepemnst 06poOKa TaHUX:

e 3abe3rneyeHHs BiIMOBOCTIMKOCTI CHCTEMHU Uepe3 EPEBIPKY MOMUIIOK MPU
3aBaHTaXKCHH1 Ta 30epiraHHi JaHUX, 00 YHUKHYTH TeIIiB Ta MPOIMYIIEHUX
TaHHX.

e 3amoBHEHHS BIJICYTHIX JIaHUX.

3. Po3paxyHOK 10JaTKOBUX TTOKA3HUKIB:

e 3ale3medyeHHsS pO3paxyHKy Ta 30€peeHHs pPI3HUX (HIHAHCOBUX
IHIUKATOPIB, AKI MOTIM OYyIyTh BHKOPHUCTAHHI B SIKOCTI JIOJATKOBHUX
BXIJIHMX IApPiB JIJI1 HABYAHHS MOJCIICH.

4. Po3poOka Ta HaBUYaHHS MOJIEJIEH MAIIMHHOTO HABYAHHS:
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e BukopucTtanss pizHUX KOH]Irypaliid Mojesei st 0OpoOKH TaHuX.
e Hapuanns mMojeneit Ha OCHOBI 310paHUX Ta 0OPOOJICHUX JAHUX.

e TectyBaHHs MoJIeJeH sl OLIHKU iXHBOI TOUHOCTI Ta €(PEKTUBHOCTI.

5. BukopucTtaHHs TOTOBUX MOJENEH:

e [licist HaBuaHHS MOJEINi TOTOBI O BUKOPUCTAHHS IS TIPOTHO3YBaHHS
HaNpPSMKY PYXy LiH KPUITOBAIIOT.
e Mojeni BUAAIOTh MPOTHO3 3 BIPOTIAHICTIO HANPSMKY PYXy IIIHU SKUN

B1I0YI€ThCS Yepe3 MEBHUI MPOMIKOK Hacy.

IlepeBaru 3arporIOHOBAHOIO METOLY:

e ABTOMaTH3alis Ipouecy 300py, 0OpOOKHM Ta aHami3y JAHHUX € MMOBHICTIO
aBTOMATU30BAHUM, IO 3HIXKYE MOKIIUBICTD JIFOJICHKOI TOMUJIKU B I[LOMY
MpoIIEC.

e [loTeHIriiiHa THYYKICTh Ta MOXJIMBICTh 33JIaHHS PI3HUX KOH(Iryparii 10
MaiOyTHIX MOJEJIECH, 10 MOTCHIIHHO HaJga€ MOXJIMBICTH aJalTyBaTH
MeTOJ 10 OyAb-sKOI MOJIETII.

e MOXIMBICTh IHTErpallii 3 PI3HUMHU TUIIAMU BXIIHMX JITAHUX Ta PI3HUMHU
JHKEpeTIaMHu.

e 37aTHICTH, MOJENI aJanTyBaTHUCS JO0 HOBHX JaHMX Ta 3MIH Ha PHUHKY.

MOXIUBICT JOHABYAHHS MOJIEN B 3aJIEKHOCTI B1J HOBHUX JTaHUX.

Jlo moTeHIiaTbHUX MOMKJIMBOCTEN MOKPAILEHHS] CHCTEMH MOKHA BIJTHECTHU:

301IbIIEHHS 011 aBTOMATHU3aIlli MPoIIeCy.

301UTbIIIEHHST KUTBKOCTI MOMJIMBUX IIAPIB JaHUX, TAaKUX SK BUKOPUCTAHHS
O1IBIIOT KITBKOCTI (PIHAHCOBUX 1HIMKATOPIB.

[HTerpanis 3 pi3HUMU TUIIAMU JaHUX, TAKUHN SK aHalll3 HOBUHHUX PECYpCIB,
COIIAJIBHUX MEPEX IJIs1 OUIBIIOT Ta OUTBIIT MTOBHOI KAPTUHH PUHKY.

301TbIIIEHHS TITBUAKOCTI pOOOTH CUCTEMHU IIIISTXOM MOKPAIIEHHS TPOIECiB Ta

BUKOPUCTaHHSA O1IBIIOI KUIBKOCTI MapajelbHUX MOTOKIB.
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e 30UIbIIEHHS BIIMOBOCTIMKOCTI Ta cTa01JIbHOCTI CUCTEMHU.

2.1. Cunocid 300py aaHux AJsi NOJAJBIION0 BHKOPUCTAHHS,
BiZAMOBOCTIIKiCTH Mpu 300pi Ta 30epexkeHHI
3a ponomororo caiity CoinMarketCap Oyio 3HaiIeHO yCiX MOTEHIIIHUX
MpoBaiIepiB JaHUX Ta MPOaHaII30BaHO 0OCITH TOPTIBII KOXKHOTO 3 HUX. J1J1s1 300py
naHux Oyno oOpaHo Oipxky Binance sk OCHOBHOTO IMpoBaiiiepa AaHUX, II€
JIO3BOJIJIO HAaM OTPUMYBATH ICTOPUYHI JaHl MPO I[IHU IO BEIUKIM KUIBKOCTI
PI3HOMAHITHHUX Map Ta IHTEPBAJIIB, TAKOXK JAJIO AOCTYIH /0 L[IH B PEAIbHOMY Yaci.
30ip JaHUX 3MIHCHIOETHCS MUIIXOM BHKOpUCTaHHS BigkpuToi APl Binance.
Peanizarris 3a06e3nedeHHs] BiIMOBOCTIMKOCTI 3allPOIIOHOBAHO HACTYITHUMU

Kpokamu (puc. 12).

. O6pobka :
ITepeBipka Ha N ITorTOpHI1
. IIOMUJIOK B 'try-
CTa0LIBHICT \ . cpobu
catch' 6o

Buxopucranns
TaiMayTiB Ta
obMeKeHb

Buxopucranas
JIOTYBaHHSA

Puc.12. [Iporiec 3a0e3meueHHs BiIMOBOCTIHKOCTI

ANTOPUTM pOOOTH 3aBaHTAXKEHHS JaHUX MPOTPaAMHU:
1. Ilepex moyaTkoM BiAIIpaBKH 3aIUTIB 0 OIp:Ki i1 mepeBipka uyu
cTaO1LIbHUM 3B’ 30K, uu € nocTy a0 AllL.
2. TIpoBoauTbcst 0OpOOKa MOMKIIOK 32 JOTTOMOTO OJIOKy ‘try-catch’ ms

YHUKHCHHS Henepez[6aquaHor0 BUXOAY IIpOrpamu.
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3. BHUKOPHCTOBYIOTHCSI TOBTOPHI CITPOOHU 3aIUTIB JJISI 3arpy3KH JTaHHX,
AKIIo 3anuT 10 APl He BHaeTbes 3poOuTH.

4. BUKOPHUCTOBYETHCS JIOTYBAHHSI JIJISl peECTpallii OCHOBHUX MOJIH.

5. BcTaHOBMIOIOTHCS TaiMayTH Ta OOMEKEHHS Ha KUIBKICTh 3aIIUTIB J0

AIll 3a neBHMIt nepion yacy, mo0 YHUKHYTH OJIOKyBaHHSI.

2.2. Amnaui3 nponyckiB Ta apTedakTiB y JaHUX

BaxnmuBuMm erarmom € 00poOka maHWX Ha HASBHICTh MPOMYCKIB Ta
apredaxTiB. Y 1 poOOTI MPONMOHYETHCS CTBOPEHHS JOJATKOBHM CEpBIC IS
aHaizy JaHuX, 3aBaHTaXXEHUX B Oazy panux. lleid Momynp 3a0e3medyuTh
3aIIOBHEHHS TIPOIYCKIB Ta 00poOKy apTedakTiB mepes] MepeBECHHSIM JIaHUX y
dbopmat, HeOOX1THUI 1J11 KOHKPETHOI MOJIEI1 MAalllMHHOTO HAaBYaHHS.

KpunroBantoTHI pUHKH NPaLOOTh HLI0J1000BO, TOMY MPOMYCKH B JaHUX
MOXYTh BHHHMKATH 4epe3 TEXHIYHI 3001, BIJCYTHICTh IHTEpHET 3’€IHAHHA,
BIJICYTHICTh CBITAa a00 1HII nOpuuuHHU. [lpomyckum y J[aHux (HampUKIAL,
MPOMYIICHU TOProBHM JeHb abo0 CBIYKa) HEOOXIJHO 3allOBHIOBATH IS
3a0€e3Me4eHHs UTICHOCTI JJaHUX.

Metoa 3amoOBHEHHSI MPOMYILIEHUX JaHUX MEJIAaHOK TIOJIsiTa€ B 3aMiHI
MPOIMYIIEHUX 3HAYeHb HA MeJlaHy BIAMOBITHOTO Habopy naHux. MemiaHa €
CepeHIM 3HAUYCHHSIM B BIJICOPTOBAHOMY HAOOP1 JaHUX. SKIIO KIJTBKICTh €JIEMEHTIB
y Habop1 JaHUX HEMapHa, Me/laHa - 1€ 3HaYEHHS B CEPE/IMHI; AKIIO MapHa - Me/liaHa
€ CepeIHIM 3HAUCHHSM JIBOX 3HAYEHb B CEPE/IMHI.

BaxnBoro yacTuHO0 00pOOKHU JaHUX € 1eHTUdikarlis apTedaKTiB.

IliHOBa CBiYKa CKJIAMA€ThCS 3 ACKIIBKOX KOMIIOHEHTIB: IiHA BIIKPUTTS,
I[1HA 3aKPUTTS, MaKCUMAaJIbHE 3HAYEHHSI, MiHIMaJIbHE 3HAYCHHS, OCTAHHE 3HAYCHHSI,
00’eMm Ta yac. AprtedakTH MOXKYTh BUHMKATH 4e€pe3 BIACYTHICTb OJIHOTO abo
KUTBKOX IMX IapamMeTpiB. BaxImBow 4acTHHOIO 00pOOKH JaHUX € 1meHTH(IKaIis

TakuX apTeakTiB Ta iX KOPEKTHE 3alIOBHEHHS.
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e Skmo apredaxr € B miHi 3akputts (last), 3Hauenns Oyne odupaTrch

open+close

K cepeaHe Mk Open, close: last = , 400 SKIIO IKOTOCh

. . . high+low
3HaYeHHS Hemae, To: Mix high ta low: last = ———

e JSlkmio apredakt € B 3HaUCHHIX Open, close, high, low, sHaueHHs
Oyze oOupaTUCs SIK HAHOIMKYe MUHYJIC 3HAUCHHS 10 [IbOMY THITY

IIHH.

2.3. AHajgiTHYHMH cnocid po3paxyHkKy pi3HHX ¢(iHAHCOBUX
iHIUKATOPIB
BaxxnmBoro CKJ1a/10BOO CJIOIB MOJIEN] € BUKOPUCTAHHS (PIHAHCOBUX 1HAUKATOPIB.
B pamkax po6otu Oysio oOpaHO po3paxoOByBaTU Ta BHUKOPUCTOBYBATH HACTYITHI
ingukaropu: OBV, SMA, EMA, AO, SO, MFI, CMO.

Po3srisineMo kKoXkeH 3 00paHuX Ta peai3oBaHUX 1HIAUKATOPIB.

1) On-Balance Volume (OBV)

OBV — ne iHAWKaTOp, SIKMH TO3HAYAE, IO KOJM 1HAWKATOP 301TBIIYETHCS
MOKYMIIl aKTUBHO TOPTYIOTh Ta MiJiMaloTh IliHA akTuBy. Koaum 1HIUKATOP
3HMXKYETHCS — 00’ €M MPOo1aKiB O1IbIIE 32 00’ €M MOKYIOK, TOMY MOKa3ye craj I[1HU.
Tomy OBV miarBepmxye ocHoBHUM TpeHa. llpuxnan moOymoBu iHAMKATOpa
300pakeHo Ha (puc.13) 3a mormomororo TradingView.

AJNTOpUTM OOYUCIIEHHS 1HAUKATOPA!

e SIKmIo 1iHa 3aKPUTTS CHOTOAHIIIHBOTO JTHS BUIIE BUOPAITHBOT:

OBV = OBVyonepenniin + Volume (2.1)

e SIKIIO IiHA 3aKPUTTS CHOTOAHIIIHLOTO JIHS HUKUE BYOPAIIIHBOT:
OBV = 0BVyonepennin — Volume (2.2)

e S0 1iHa 3aKPUTTS CHOTOJIHIINIHBOTO JHS JOPIBHIOE BYOPAIITHIN:
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OBV = OBVr[orlepe,quﬁ (23)
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Puc.13. On-Balance VVolume inaukarop Ha npukiiazi biTkoiHa 3a 1omoMororo

TradingView
2) Simple Moving Average (SMA)

Inmukatop SMA jomomarae 3riaJpKyBaTd KOJIMBaHHS I[iHM 1 BHW3HAYATH
3arajibHUil HanpsMok TpeHay. [lpukian moOyaoBU i1HAMKATOpa 300pa)K€HO Ha
(puc.14) 3a mommomoroto TradingView.

AnTOpUTM OOYHUCIICHHS 1HANKATOPA:

e Po3paxoByeThes K CepeTHE 3HAUCHHS [IHM 33 TIEBHUH TIEPioJ] Yacy 3a

dbopmyIioro:

SMA = ~¥1L, P, (2.4)

Jle P; — miHa 3aKpUTTA 3a 1-i AeHb, N — KIIBKICTh JHIB.
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Puc.14. Simple Moving Average inaukatop Ha npukiaai bitkoiHa 3a

nomomororo TradingView

3) Exponential Moving Average (EMA)
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Lle cepenHe 3HAYEHHS LIHU 3 OUIBIIMM 3HAYEHHSAM I OCTAHHIX JAOCTYIHHUX

nanux. EMA nabaraTo mBualie rmokasye 3MiHu B TeHaeHIsIX 3a SMA. [lpukian

noOyT0BY iHAMKaTOpa 300pakeHo Ha (puc.15) 3a momomoroto TradingView.

AJropuT™M OOYUCIEHHS 1HANKATOPA!

e 3HaueHHS 3aJICKUTh B 0OpaHO1 KUIBKOCTI MEPI0IiB, PO3PAXOBYETHCS 3a

dbopmyiioro:

EMA = (Pt—EMAnonepe,quﬁ) + EMAHOHepeAHiI‘;I (25)

n+1

Je P, — 11iHa 3aKpUTTS MOTOYHOTO MEp1oay, N — KUIbKICTh nepioz[iB

Puc.15. Exponential Moving Average inaukarop Ha npukiaai bitkoina 3a

nomomororo TradingView
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4) Awesome Oscillator (AO)

Ilei 1HAMKATOp BUMIPIOE PI3HULIO MDK 34-MEepiogHUM Ta S-TIEPIOJHUM

high+low

3HayeHHsIMH SMA, 3aCHOBaHUX Ha CEpeHIX I[iHaX: . Ilpuknan noOynosu

iHaMKaTopa 300pakeHo Ha (puc.16) 3a momomoroto TradingView.
dopmysia 00UMCICHHS 1HIUKaTOpA:

AO = SMAs — SMAs, (2.6)

JWY frn

g™ 1 !
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Puc.16. Awesome Oscillator ingukaTop Ha npukiaai biTkoiHa 3a 10MOMOT00

TradingView

5) Stochastic Oscillator (SO)

Lleli 1HOUKATOpP CTBOPEHUM [JIsi TIOPIBHSHHS TOTOYHOI IIIHU 3aKpUTTA 3
J11aria30HOoM IIiH 32 IEBHUH niepiojl. BiH BUMipro€ iMITyIbC IIHOBOTO pyXy. [Ipuknan
o0y 10BH iHAMKaTOpa 300pakeHo Ha (puc.17) 3a nomomororo TradingView.

®opMyia 00UHCIEHHS IHIUKATOpa:

S0 = 7)o 100 2.7)

(H1a—L1a)
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e C — noTouHa 11iHa 3aKpuTTS, Lq, - HallHUKYA I[1HA 32 OCTaHHI 14 mepiois,
H,, - HaiiBu1a 11iHa 3a octadHi 14 nepiois.
O |
u“' l\il“‘ U s

F e ‘“r

Puc.17. Stochastic Oscillator ingukaTtop Ha npukiaai biTkoiHa 3a 70TOMOT0¥0

TradingView

6) Money Flow Index (MFI)

Leli iHIMKATOP BUMIPIOE IHTEHCUBHICTh IPUTOKY 1 BIATOKY I'pOILIEH B aKTHB. BiH
BPaxoOBY€ SK 1 3HAYEHHS CaMoOi I[IHM aKTUBY, TaK 1 00’emu Toprieii. [lpuxnan
noOy10BH iHAMKaTOpa 300pakeHo Ha (puc.18) 3a momomoroto TradingView.

dopMyia 00UHCIEHHS IHIUKATOpa:

MFI =100 — (=) (2.8)

1+MFR
Jle:
MFR (money flow ratio) =

Positive Money Flow

(2.9)

Negative Money Flow

Positive/Negative Money Flow = T'ypical Price X Volume (2.10)

High+Low+Close
3

Typical Price = (2.11)
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Puc.18. Money Flow Index inmukaTop Ha npukiaai biTkoiHa 3a 10MOMOTo0

TradingView

7) Chande Momentum Oscillator (CMO)

Lle iHgukatop s BUMIPY MOTY>KHOCTI IMITYJIbCIB I[IHM Ha OCHOBI 3MIH MIiX
MOTOYHUMHU Ta TonepeaHiMu 1iHaMu. [Ipukinan noOyaoBU iHAUKATOpPA 300paKEHO
Ha (puc.19) 3a normomororo TradingView.

dopMyia 00UHCIEHHS IHIUKATOpa:

CMO — 1(Pl Pl 1) ZL 1(Pl 1 Pl) X 100 (212)

1(Pl Pl 1)+Z 1(Pl 1_Pl)

Jle: P; — uina 3axputts (Close) 3a i-it meHp, N — KUTBKICTh TIEPioIiB.

/
s

Puc.19. Chande Momentum Oscillator ingukarop Ha npukiaai bitkoina 3a

nomomororo TradingView
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2.4. HopwmaJji3auiss 1aHUX Ta MiATOTOBKA iX 10 BUKOPUCTAHHA Y
TPEHYBaHHI Mo/ieJli, TPEHYBAHHS Ta TECTYBAHHA MOJIeJIi

Konu pmani Bxke 3aBaHTaxeHI B 0a3y J[daHUX, AOAATKOBI 1HIUKATOPU
oOpaxoBaHi, HACTYIIHUM BXJIMBUM €TallOM € IIJITOTOBKA JaHUX JJIs
MOJIaJIBIIIOT0 BUKOPUCTAHHS B HaBYaHHI MOJeENi. Y IIbOMY MiJPO3/ALII OMHUCaH1
KPOKH, SIK1 HEOOX1TH1 /I HOpMaUTi3allii Ta mAroTOBKU JaHUX I BAKOPUCTAHHS
y TpeHyBaHH1 Mojieni (puc. 20).

[lepmM KpOKOM y MIATOTOBLI AAHUX € iX pO30UTTA Ha TPEHYBAJIbHHIA,
BapianiiiHuii Ta TectoBuil Habopu. Lle m03BONsE OIIHUTH, SIK MOJENb Oyje
mpaioBaTi Ha HOBUX JaHUX, 1 3a0e3nedye OUIbIl 00’ €KTHBHY OLIHKY il
e(hEeKTUBHOCTI.

Hopwmamizanis gaHux mossrae B MPUBEJEHHI iX A0 ojnHOro macmraly. Lle
HEOOXITHO poOUTH Juisi 3a0e3MedeHHs CTaOUIbHOI pOOOTH aJITOPUTMIB
MaIIMHHOTO HaBYaHHSI.

Jam Bxe 1o BUOpaHiil Mojiei, oOpaHuX rirneprnapameTpax TPUBAE MPOIIEC
HaBuaHHs Mojeni. CTBOpeHa MOJIesib OTPUMY€E TECTOBI JlaHl Ta TPUBAE OIIHKA

SAKOCT1 pOOOTH MOJIEIII.



Po30ouTTa
JaHHX

Hopma
Ti3aris
JaHHX

HamamrysanHs
rineprapaMeTpiB

MOJIeni

MoJIenl

Puc.20. [Iporiec Big mepeTBOpeHHs AaHUX JIO0 TECTYBaHHS FOTOBOI MOJIEII

43
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2.5. BuCHOBKH 10 po3ainy 2

VY nanomy po3aiii 6yJ0 po3riIsiHYTO PO3pOOKY CrIOco0y 1HTENEKTYaIbHOTO
MIPOTHO3YBAHHS I[IHOBUX PYXIB HA KPUNTOBATIOTHOMY PUHKY. JIJIsT HOCATHEHHS ITi€T
MeTh OyB 3aCTOCOBAaHMM KOMIUIEKCHUH MIJIXiJ, 110 BKJIIOYaB 301p Ta arperairo
PI3HOMaHITHUX JAaHUX, X 0OpOOKY, a TaKOkK BHKOPUCTAHHS METOIB MAIIMHHOTO
HaBYaHHSI.

Bcranosneno, mo e(ekTUBHE NPOTHO3YBaHHS I[IH HAa KPUITOBAIIOTY
BUMarae 30MpaHHsl PI3HOMaHITHUX JaHUX, BKIIOYAaO4Yu 1H(OpMaIIio Tpo LiHU Ha
KPHUIITOBAJIIOTH, OOCSTH TOPriB, iHAMKaTopu. Jani Oynu 310paHi 3 pi3HUX JKEpE,
takuXx sk API Oipxi Binance i arperosani sl MOAaJIbIIOTO aHAITI3Y.

[Tokazano, mo 0OpoOKa aHUX y peaJbHOMY Yacl € KPUTUYHO BaKJIUBOIO
JUIsl KPUINITOBAJTIOTHOTO PUHKY 4Yepe3 MOTro BUCOKY BOJATHIIBHICTH 1 MIBUJKICTH
I[IHOBUX 3MiH. 3alIPOMIOHOBAHO METOAM 3a0€3MEUYECHHS BIJIMOBOCTIHKOCTI.

Po3pobneno miaxi s iaeHTrdIKalii Ta 3al0BHEHHS MPOMYIIEHUX JIaHUX.

Po3risiHyTo Ta BUKOPUCTAHO aHANITUYHI METOJU PO3pPaxyHKY (h1HaHCOBUX
iHaukaTopiB, Takux sk OBV, SMA, EMA, AO, SO, MFI, CMO. i inaukatopu
BUKOPUCTOBYIOTHCS JUIs MTIABUIIICHHS! TOYHOCTI MPOTHO3YBaHHS.

JIJ1si IpOTHO3YBaHHS IIHOBUX PYXiB 3aCTOCOBAHO IMPOIIEC HAJAIITYBaHHS
rineprnapaMeTpiB Jisl MiABUIICHHS €(pEKTUBHOCTI MOJEIEH.

[IpoBemeno HopMamizalilo JaHUX JUIS  3a0e3MedeHHS  CTaOUIbHOCTI
QITOPUTMIB MAIlTMHHOTO HaBYaHHS. BUKOHAHO pO3MOALT TaHUX HA TPEHYBATBHUM,
BaJTIIAIIHUI Ta TeCTOBHM HAOOPH SIS 00'€KTUBHOI OITIHKH MOJICIICH.

O1xe, po3poOsieHnit crocid 1HTENEKTYalbHOIO MPOTHO3YBAHHS I[IHOBUX
pyXiB 3a0e3neuye aHaii3 Ta MPOTHO3yBaHHA JUHAMIKH LIH HA KPUITOBAITIOTHOMY
PUHKY, 110 MOX€ OyTH KOPHUCHUM JUIsl TpEWJepiB Ta 1HBECTOPIB Yy MPHUHHATTI
pimenb. Lledt miaxiag 103BOJISIE OTPUMYBATH BaXJMBY 1H(OpMAIli0 Ta IMIBUIKO
pearyBaTHi Ha 3MIHU Ha PUHKY, NIBUILYIOYH €(PEKTUBHICTh YIPABIIHHS PU3UKAMU

Ta MPUIHATTS 1HBECTULIIMHHUX PIIICHb.
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PO3/ILI 3

PO3POBKA ITPOTPAMHOI'O 3ABE3IIEYEHHA

3.1 O6ymoBJIeHicTL BUOPAHUX TEXHOJIOTii

[IporpamMHa yacTMHa poOOOTM HamucaHa MOBOKO Java, IO 3yMOBIIEHO

HaCTYITHUMHU YMHHUKaMMH:

OO0’ €eKTHO-OPIEHTOBAHUM MIAXIJ, IO JO3BOJIIE CTBOPEHHS MOIYJIHHOI
apXITEKTYpH.

Java no3Bosisie po3po0asATH THYUKI Ta MAaCIITAOOBAaHI MPOEKTH.
Exocucrema MoBH Java nponoHy€e BUCOKY KUIBKICTh PI3HUX O10/110TEK Ta
bpelMBOpPKIB 111 poOOTH 3 JAaHUMHM, MAIIMHHOTO HaBYaHHS, 0OpOOKH
MOTOKIB Ta 0aratbOX 1HIIUX PIIICHb.

Java mae BOynoBaHy MIATPUMKY 0araTOMOTOYHOCTI, IO J03BOJISIE
e(eKTUBHO BUKOHYBATU 0arato pi3HUX HE3aJIEKHUX 3a]1a4 OAHOYACHO.
[InarpopMHa HeE3aIeKHICTH: Java J03BOJISIE€ 3aIllyCKaTH PO3poOJIeHe
nporpamHe 3a0e3neyeHHs Ha OyAb-sKiid onepaiiitHii miardopmi, Ha K1l
CTOITh BIpTyajbHa MaIInHa Java.

[IpocToTa B BUKOpUCTaHHI Ta BeTU4e3Ha KIIbKICTh BOY/IOBAaHUX PIIICHB,

aKi ogpasy uayTs 3 SDK.

3acrocoBano TexHosoriro Docker, 1o 3abe3neuye i307150BaHICTD, IO JO3BOJISE

YHUKHYTH KOHQJIIKTIB MiX PI3HUMHU BEpCISIMH, A€ MOKIUBICTh MiIMMaTH Ta

3aImyCcKaTH KOHTEHHEpHU Ha Oy/Ib-IKOMY CEpBEDI.

Jlist 30epesxxeHHs nanux Oyia oopana 6a3a nanux PostgreSQL sika Hamae BUCOKY

NPOIYKTUBHICTh Ta MIATPUMKY CKJIaJHUX 3anuTiB. ba3a nanux PostgreSQL nanae

MOJKJIMBICTB ITOPHU30HTAJIbHOI'O Ta BCPTHUKAJIIBHOI'O MaCIHTa6YBaHH$I, 1o JO3BOJIsAE

aJanTyBaTU CXOBUILE JIO 3pOCTAIOUUX MOTPEO CUCTEMHU.
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JUis CTBOPEHHS IpPOrpPaMHOI YaCTUHU POOOTH TaKOXK OyJIM BHKOPUCTAHI
HACTYITHI 30BHIIIHI 01010TEKH TaKl SK:

e Jlis NIAHATTS BCbOT'O 3aCTOCYHKY, MITHATTSAM KOHTEKCTY, BIIPOBA)KEHHS
3aNIe)KHOCTEH Ta ynpaBIiHHS TpaH3aKIisIMU — Spring GppeiMBOpK;

e Jlns pobotu 3 6a3amu nanmx - Spring JDBC, ska 3abe3neuye mpocTHii
KOHTPAKT JiJIsl BUKOHaHHS SQL-3anuTiB Ta 00pOOKHU pe3ybTaTiB,;

e Jlnsg momermeHHs co0l KUTTS Ta TeHeparlii BEIMKOI KITbKOCTI KOOy —
Lombok;

e OpelMBOpPK I MAIIMHHOIO HAaBYaHHS Ta IJIMOOKOTO HaBYaHHS -
Deeplearning4j;

e Jlna pobGotu 3 OaraTOBUMIPHUMHU MacHBaMH Ta JIHIHHOIO anreOporo -
ND4J (ND4S);

e s 3pyunoi pobotu 3 CSV ¢aitmamu - Commons-CSV.

3.2 Onuc nporpaMHUX CKJIAJ0BUX TA KOMIIOHEHTIB

VY paMkax po3poOKH CUCTEMH IHTEJIEKTYaJIbHOTO MPOTHO3YBAHHS LIIHOBUX PYXIB
Ha KPUIITOBATIOTHOMY PUHKY OYyJIO CTBOPEHO JIBa OKPEMHX IIPOCKTH: Crypto-prices-
loader ta crypto-prices-predictor. KoxeH 3 nux mpoeKTiB BUKOHYE CBOT yHIKaJIbHI
GbyHK11, SIK1 B CyKyITHOCTI 3a0€31e4yI0Th MOBHUI LIUKJI 300py, 00pOOKH Ta aHATI3Y

JAHUX JUTsl TIPOTHO3YBAHHS IIH KPUNTOBATIOT. BOoHM mpaifioroTh 3 6a3010 JaHUX

PostgreSQL.
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3.2.1 Onuc 6a3u oanux
Jls1 30epiraHHs JaHUX PO KPUIITOBATIOTHI I[IHU, 1HIUKATOPH Ta 1HIII MTOB'sI3aH1
naHi 0yno Bukopucrtano 60azy ganux PostgreSQL. CtpykTypa 6a3u 1aHNX BKIIFOYA€E

TabmuIll, 300paxeHi Ha (puc. 21).

e

— candles
> [ coin_pair

> [ coin_price_history

L

— coins_by_exchange

L

— databasechangelog

L

— databasechangeloglock
> [ exchange
> [ exchange_indicator
Puc.21. CtBopeHi Tabnuili ajisi poOOTH MPOEKTY B 06a31 JaHUX
Tabmuus candles 306epirae THIU CBIYOK, 110 BUKOPHUCTOBYIOTHCS IS aHATI3y

LIHOBUX pyXiB (puc. 22).



type a
4 character (3)
1 Tm
am
am
15m

2
3
4
3 30m
6
7
8
9

Th
2h
4h
8h
10 12h
11 1D
12 3D
13 1w
14 1M

Puc.22. [linTpumyBaHi i1HTEpPBAIHN CBIYOK
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Tabmuus exchange Bxirodae iHdopmariito mpo pi3HI MATpUMYBaHI OipKi,

BKJIIOYAar0O4M HA3BY Ta

CTaTyc aKTUBHOCTI Oipxi (puc. 23).

1 SELECT exchange_name FROM exchange;

Data Output  Explain  Messages  Motifications

1

exchange_name

4 character varying &

Binance

Puc.23. IlinTpumyBaHi O6ipki
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Tabauis coin_pair 30epirae iHdopMalito Mpo Mapy KPUIITOBAIIOT, BKIIIOYAIOYH
0a30By Ta KOTHPYBaHY KPUITOBAIIOTH, & TAKOXK IXHI/ CTaTyC aKTUBHOCTI, BKJTFOYA€E

HACTYITHI KOJIOHKH (puc. 24).

Columns

Name Data type
o i integer v
o base_coin character varying ~
o guote_coin character varying ~
T active boolean v

Puc.24. Ctpykrypa Tabmuiii coin_pair
¢ |d - YHikanbHU# i1eHTH(IKATOP BATIOTHOI TApU
e base coin - bazoBa kpunToBaOTa
e (Quote_coin — BigHoCHA KPHIITOBAIIOTA

e active - 3HaYCHHS YH TOPTYIOTHCS KPUTITOBATIOTA

AKTyanpHUN CIIMCOK TaOJIHII coin_pair ckiagaeThes 3 116 map.

Tabmuus coins_by exchange Bkitouae HacTymHI KOJIOHKH (puc. 25) Ta 30epirae
3B’SI30K MDXK IapaMy KpUIITOBAIIOT Ta OIpKamMH, a TakKoX IHQOpMaLilo Mpo

niaTpumky P2P Topris.

Name Data type
o coins_pair_id integer
o exchange_id integer
& T p2p_supported boolean

Puc.25. Ctpykrypa Tabuuii coins_by exchange
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Tabaums  coin_price_history Bkiioyae HACTyNHI KOJOHKH 300pakeHi Ha

(puc. 26) Ta BUKOPUCTOBYETHCS JJIs 30€PEKEHHS CAMHUX CKJIAIOBUX IIHU 110 KOXKHIN

KPUNTOBATIOTHIN Mapi B KOXKEH MOMEHT 4acy.

=

&

=]

&

=

=]

e

=

&

r4

&

&

@

=]

=

Puc.26. Ctpykrypa Tabnuii coin_price_history

Name

coin_pair_id

open

high

low

close

volume
number_of_trades
candle_time_open
candle_time_close
candle_type
exchange_id

id

Data type
integer
numeric
numeric
numeric
numeric
numeric
bigint
bigint
bigint
character varying
integer

bigint

e id - YHikajgpHHH 11CHTU(IKATOP CBIUKH

e coin_pair_id - [nenTudikaTop BaIOTHOI Tapu

e exchange _id — Inentudikarop Gipxu

e open - LliHa BIAKPUTTS CBIUKH

e close - [liHa 3aKpUTTS CBIYKH

e high - MakcumasbHa 1iHa CBIYKH

e |ow - MiniManbHa 1(iHa CBIYKH

e volume - O6csr Topris

e number_of _trades — kibKicTh TpaH3aKIlii 3pOOJICHUX MPOTATOM

«ICHYBaHHS» CBIYKH

e candle_time_open - YacoBa MiTKa BIIKPHUTTS CBIYKU

A



o1

e candle_time_close - HacoBa MiTKa 3aKpUTTS CBIUKH

Tabaums exchange indicator Bkiro4ae HACTYNHI KOJIOHKH 300pakeHi Ha
(puc. 27) Ta BUKOPUCTOBYETHCS IS 30€pEKEHHS BCIX pO3paxoBaHUX 1HAMKATOPIB

10 KOXHIM KPUNTOBATIOTHIHN mapi.

Name Data type
o g bigint -
@ @ calculated_value numeric v
C ] indicator_type character varying ~
rA ] coin_price_history_id bigint v
o period integer v

Puc.27. Ctpykrypa Tabnuiii exchange_indicator
e id - YHikajgbHHH 11CHTU(IKATOP CBIUKH
e coin_price_histoty id — koyioHKa 3B'I3Ky 3HaYCHHS IHIUKATOPY 3 CBIYKOIO
B MOMEHT Yacy
e calculated_value — came 3HaueHHs iHAMKATOPA
e indicator_type — Tum iHgMKaTOpa

e period — 3HaveHHs mepioa iHIUKATOPA

Jliarpama B3a€MO3B’S3KIB TaOmWIb 0a3uW JaHUX po3TamoBaHa Ha (puc. 28).
3rigHo Hei, COin_pair mos’si3aHa 3 €OINs_by exchange yepes moae coin_pair_id,
exchange moB’s3ama 3  coins_by exchange 4epe3 mome exchange id,
coin_price_history moB’s3ama 3 Ccoin_pair 4epe3 mosie Coin_pair_id,
coin_price_history mom’si3ana 3 exchange uepe3 moje exchange id,
exchange indicator = moB’s3ama 3 coin_price_history  uepe3  moJje

coin_price_history _id.
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<] coin_pair_id integer
integer 407\ 1
open numeric
N character
hase_coin varying high numeric
5 ) fow numeric
quote._coin 5:;’; 5‘1;’9’ coins_by exchange | \
close numeric
" booi coins_pair_id integer —H—
active golean i . volume numeric
< exchange id integer —
number_of_frades | bigint
p2p _supported |boolean -
- candle_time_open |bigint exchange_indicator
| exchange | |
| 9 | | candle_time_close |bigint id bigint
| 1 J .
| i integer [ candle_type character varying calculated_value numeric
| exchange_name | character varying | A - |
| ge._! oo ving| “—< exchange_id integer indicator_type character varying |
active oolean _ . |
id bigint <] coin_price_history_id bigint
period integer
candles |

|
|
|tvpe character

Puc.28. Ctpykrypa Tabauis 6a3u qaHux

3.2.2 IIpoexm crypto-prices-loader
crypto-prices-loader - me mpoekT, mpu3HAYCHHWH i1 300py Ta 30epeKCHHS
JAHUX NP0 IIHM KPUIITOBAIIOT, PO3PAXYHOK OOpaHuX iHAMKATOpiB. OCHOBHI
(GYHKIIT IHOTO MPOEKTY BKIIIOYAIOTH!
1. 30ip nanux:
o Buxkopucrannas API 6ipx, Takux sik Binance, 1y1st oTpuMaHHS aKTyalbHUX
JaHUX IO LIHU KPUIITOBAJIIOT.
2. Baminmamiro Ta 00poOKy JaHUX:
e [IlepeBipka BadiJHOCTI OTPUMAHUX JTaHUX.
e OOpoOKka MOMHUJIOK Ta MOBTOPHI CIPOOM y BUMAAKY HEBAAINX 3aIUTIB.
e JloryBaHHs NpoNECiB 1715 BIICTEKEHHS Ta YCYHEHHS MOKIIMBUX MTPOOJIEM.
3. 30epexeHHs JaHuX:
e 30epiranHs BaJiHUX JaHUX Yy 0a3y naHux PostgreSQL.
e 3a0e3leyeHHsT BIJIMOBOCTIHKOCTI

CUCTEMHU IUIIXOM TIEPEBIPKH Ha

MTOMUJIKU Ta OOPOOKH MPOMYCKIB JaHUX.

OCHOBHI KOMITOHEHTH BKJIFOUatOTh (puc. 29):
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v [3impl [crypto-prices-loader-impl]
W |_
v [0 main
v EVE

v [2] com.dkostin. cryptos.loader

[2] domain
(3 indicator

[=] stop.sh

Puc.29. OcHOBHI KOMIIOHEHTH MPOEKTY Crypto-prices-loader

Jupekropis src/main/java/com/dkostin/cryptos/loader

[Taker config: Mictuth KOH(IrypamiiHi KJIacu Jis HaJIallTyBaHHSI
IPOTPaMH.

ITaker db: Mictuts knacu is B3aeMoii 3 023010 JaHUX.

[Taker domain: Busnauae OCHOBHI O0'€KTH JOMEHY, TakKi SIK MOJIEII
TaHHX.

[Taker indicator: Bxmrouae wimacu g oOpoOku  (hiHAHCOBUX
1HIUKATOPIB.

[Taket provider: Binmosinae 3a iHTerpariito 3 mpoBaiaepaMu JaHuUX.
[Taker rest: Mictute REST kontposiepu ans 06podku HT TP 3anuris.

[Taker service: Bkitouae cepBicu [uis O13HEC-JIOTIKH J01aTKa.

JupexTopist src/main/resources
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liquibase: Kondiryparii iHCTpyMeHTY 7Sl yHOpaBIiHHS BepcisimMu 06a3
JTAHUX.

application.properties: OcuoBHi KoH(piryparii qo1aTKa.
binance.properties: Kondiryparrii ans inTerpariii 3 6ipxero Binance.
indicator.properties: KoHdirypamii 118 po3paxyHKy (HIHAHCOBUX

1HIUKATOPIB.

JlomaTkoBi 3aranbHi (hailin BKIIOYAOTh B ceoe:

Dockerfile, sikuit Bu3Hauae sik 30upatu Docker-o6pas mpoekry.
docker-compose.yml: Koudiryparmis st 3amycky gojaTka 3a
nonomororo Docker Compose.

pom.xml: Maven xoHdirypamiitamii ¢dain A ynpaBTiHHS
3QJIEKHOCTSIMU Ta 301pKOIO MTPOEKTY.

build.sh: Ckpunt ais 30ipKu MPOEKTY.

run.sh: CKpHUIIT 1J1s1 3aIyCKy MPOCKTY.

stop.sh: Ckpurit ajst 3yNMHKH TPOEKTY.

Onwuc REST API npoekTy crypto-prices-loader:

CaMm mpOeKT aBTOMAaTH30BaHO POOUTH 3aBaHTAKEHHSA, OOpPOOKY MaHMX Ta

pPO3paxXyHOK I1HAMKATOPIB OJpa3zy MICHs CTapTy Ta MEPIOANYHO, MO 33JaHOMY

3HAYEHHIO, 3aBaHTAXy€ HOBI J]JaH1 Ta pOOUTH TOJATKOBUI 0OPaXyHOK 1HAMKATOPIB.

[Ipore Oyno peamizoBani REST API inTepdeiicu, siki 3a0e3medyroTh

(GyHKILIOHATIBHICTh 300py Ta aHANI3y JAaHMX MPO LIHU Ha KpUOTOBAMOTY. Huxye

HaBejieHo onuc iHTepdeiiciB LoaderResource Ta StatisticsResource, a Takox ixHix

metoiB (puc. 30).
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LoaderResource StatisticsResource
<<interface>> <<interface>>
+getSupportedPairs(): List<String> +getGaps(): ResponseEntity<?>
+getCoinPriceHistories(): ResponseEntity<?> +illGaps(): ResponseEntity<?>

+getStatusReport(): ResponseEntity<?>

Puc.30. PeamizoBani REST API intepdeticu B ipoekTi crypto-prices-loader
[arepdeiic LoaderResource Bu3nayae ocHOBHI omepartii 1yt 300py JaHUX PO
MITPUMYBaH1 KPUIITOBAJIFOTHI Mapy Ta icTopii 1iH. BiH MICTUTh ABa METOIU:

e getSupportedPairs. MeToa moBepTae CIHMCOK MiATPUMYBAHUX IMap
kpunTtoBaitoT. Lleil meTon mo3Bosie Mi3HATHUCSA, SKI KPUINTOBATIOTHI
napy mATPUMYIOThCS CUCTEMOIO JIJIsl 300py Ta aHaJi3y JaHUX.

e getCoinPriceHistories. MeToj moBepTae iCTOPHYHI JaHi PO I[IHU Ha
kpuntoBaitotry. Lleit Mmetos 3abe3neuye TOCTYN 10 ICTOPUYHUX JaHUX
Ipo I[IHU HAa KPUIITOBAIIOTY, SIKI MOXYTh OyTH BUKOPUCTaH1 JJIst

MOJAJIBILIOr0 aHami3y ado NPOrHO3yBaHHS.

[nTepdetic StatisticsResource BuU3Hauae METOAU ISl aHAJI3y MPOMYCKIB Y
JAaHUX, IXHROTO 3allOBHEHHS Ta CTBOPEHHS 3BITIB PO CTaH CUCTEMU. BiH MICTUTH
TPU METOJIU:

e getGaps. Meton moBepTae iHpOpMaIliIO MPO NPONycKu y nanux. Llei
METOJI JIO3BOJISIE OTpUMATH 1H(POPMAII0 TPO HASBHI MPOMYCKH Y
JaHUX, M0 HEOOXiAHO JUIsI TOAANBIIOr0 iXHBOI'O aHaIizy Ta
3alOBHEHHSI.

o FillGaps. Metox 3amoBHIOE Tpormycku Yy pganux. Lledi wmeron
BUKOPUCTOBYETHCS JIJII aBTOMATHYHOTO 3alOBHEHHS TMPOMYCKIB Yy
JaHUX, 110 3a0e3Meyye HITICHICTh Ta TOBHOTY 1H(OpMaIlii.

e GetStatusReport. Metos rmoBeprae 3BIT po cTaH cuctemu. Lleit meton

3a0e3neyye reHepario 3BIiTy MPO CTaH CUCTEMH, BKIIOYAIOUM CTATYC
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300py Ta OOpOOKH JaHUX, IO HEOOXIAHO JIJIT MOHITOPHUHTY POOOTH

CHUCTCMMU.

Onuc OCHOBHHX KJIACiB B AUIUTIOMHOMY TPOEKTI:
Knac ExtractorService e peanizaii€eto cepsicy s 300py Ta 00OpOOKH JaHHX
Ipo LiHK KpUnToBaNmioT. BiH 3a0e3neuye aBTOMaTHUHUUN 301p JaHUX BiJ Pi3HUX
mpoBaiiiepiB, OOpOOKYy IMX JaHWX Ta 3amyCcKk oOO4YuciIeHHS (IHAHCOBUX
iHauKaropiB. Hukue HaBeleHO JeTaqbHUM OMUC OCHOBHUX KOMIIOHEHTIB Ta
METO/IIB IIbOTO KJIacy.
Bin ckiagaeTbest 3 OCHOBHUX CKIIAJIOBUX:
e [lossa xiacy
o List<PriceBarProvider> barProviders: Crucok mpoBaiinepis, siKi
3a0e3neuyIoTh JIaHi Mpo 1iHOB1 Oapu.
o List<P2PPriceProvider> p2pProviders: Cnucok mpoBaiinepis, siki
3abe3mneuytoTh aadi mpo P2P (peer-to-peer) Tpan3akiiii.
o Map<Integer, CompletableFuture> barProvidersState: Cran
00poOKM TaHMX AJI1 KOKHOTO ITpoBaiiepa IiHOBUX OapiB.
o Map<Integer, CompletableFuture> p2pProvidersState: Cran
00poOKM TaHUX JJI KOKHOTO TipoBaiinepa P2P Tpan3axkiiiii.
o IndicatorCalculationLauncher indicatorCalculationLauncher:
Jlaynuep nnst o6uunciaeHHs (iHaHCOBUX 1HIAMKATOPIB.
o KoHnctpykTop, m1s iHiIIami3aMii CIMCKIB POBAMIEpiB Ta JayHUEpy IS
00YHMCIIEHHS THANKATOPIB.
e Meroau Kkiacy
o 1nit(): Meton iHimiamizari, KU BUKOHYETHCS MICIS CTBOPECHHS
eK3eMIUIIpa Kiacy. BiH HamamToBye IIOYaTKOBUH  CTaH

MIPOBaiiIepiB Ta 3aIycKae mpoiiec 300py JaHuX s [IIHOBUX OapiB.
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o configureStartingProvidersState(): HaiamroBye mo4atkoBuii craH
JUTSL BCIX MTPOBAMIEPIB.

o regularBarDoExtraction(): Merox mis 300py JaHHX  BiA
poBaiiepiB IIHOBUX OapiB, KWW 3aITyCKAEThCSA 3a PO3KIAIOM.
Bin mnepeBipsie cran o00poOkM [JIsI KOXKHOTO TIpoBaiifiepa Ta
3aBaHTaXKy€ HOBI JIaH1, KO0 00poOKa 3aBepIieHa.

o p2pExtraction(): Merton st 300py AaHuX Bin mposaiinepiB P2P
TpaH3aKIIil, SKU 3aIyCKaeThCs 3a po3KiIagoM. Bin nepeBipsie ctan
00pOoOKH ISl KOXKHOTO MTPOBaiiiepa Ta 3aBaHTAXKY€E HOBI JIaH1, SIKITIO

00poOka 3aBepIieHa.

Knac ExtractorServicelmpl € ki1t0u0BUM KOMIIOHEHTOM B CHUCTEMI 300py Ta
00pOOKHU TaHUX MPO KPUNTOBATIOTHI I1HU. BiH 3a0e3neuye aBToMaTUYHUM 301p Ta
00pOoOKy JaHUX, 10 € HEOOXIAHUM JIJIsi TTOAAJIBIIOTO aHali3y Ta MPOrHO3YBaHHS.
MeTonu 1boro Kiacy 3a0e3neuyroTh BUCOKY HAJ1MHICTh Ta €()EKTUBHICTh MTPOLIECY
300py MaHuX, L0 JTO3BOJIIE CHUCTEMI CBOE€YACHO pearyBaTH Ha 3MIHM Ha PUHKY
KpUNTOBAMIOT. BiH Moke OyTH BHUKOPUCTAaHMI SK OCHOBa MJi PO3LIMPEHHS
(YHKI10HAJIBHOCTI CUCTEMH LUISIXOM JI0IaBaHHSI HOBUX MTPOBAiiIepiB JAHUX, HOBUX

1HUKATOPIB Ta ONTUMI3aLlll PoIecy 0OPOOKHU TaHHUX.

Knac  StatisticsServicelmpl peanizye inTepdeiic StatisticsService i
3a0e3neuye (GyHKIIIOHATBHICTD JIJIsl aHAJI3y MPOIYCKIB y JaHUX, iX 3alIOBHEHHS Ta
CTBOPEHHSI 3BITIB PO CTaH CUCTEMH.

Bin ckiagaeTbest 3 OCHOBHHX CKIIQJIOBUX:

e [lons knacy
o GapService gapService: Cepsic 11 poOOTH 3 MPOMYCKAMH Y
JTaHHX.
o ExchangeService exchangeService: CepBic mis pobotu 3

Oip>KaMHu.
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o CoinPairService coinPairService: Cepsic st podOTH 3 mapaMu
KPUIITOBAJIIOT.
o StatusReportService statusReportService: CepBic it CTBOPSHHS
3BITIB IIPO CTaH CHUCTEMHU.
e KoHCTpyKTOp, SKHH 1HIITIATI3Y€E CEPBICH I pOOOTH 3 MPOITyCKaMHU,
Oip>xamu, MapamMy KPUIITOBAIIOT Ta 3BITAMU PO CTaH CUCTEMHU.
e Meroau knacy
o getGaps(): Meton mis orpuMmaHHs iHQOpMaIlli MPO MPOMYCKU Y
TaHUX.
o fillGaps(): Meron asist 3anI0BHEHHS MPOITYCKIB Y TaHUX.

o getReport(): Meto st CTBOPEHHS 3BITY IIPO CTaH CUCTEMH.

Knac IndicatorCalculationLauncher 3a0e3neuye 3amyck OOYHMCIEHHS
(b1HaHCOBUX THAUKATOPIB AJI Map KPUITOBAIIOT.
Bin cknagaeTbes 3 OCHOBHHX CKJIQIOBUX:
e [lons kiacy
o List<IndicatorCalculationService> indicatorCalculationServiceList:
Cnucok cepBiciB AJi1 0OUHUCIEHHS 1HIUKATOPIB.
o CoinPriceHistoryService coinPriceHistoryService: Cepic st poOoTH
3 1ICTOPIEIO I[IH KPUTITOBATIOT.
o ExchangelndicatorService exchangelndicatorService: Cepsic s
po0OTH 3 IHAUKATOpaMu OIpKi.
o CoinPairService coinPairService: CepBic s poboTH 3 mHapamu
KPUITOBAJIOT.
e KoHcTpyKkTOp, AKMH 1HILIANIZY€E CEpPBICH JJIs1 OOYUCIEHHS 1HIUKATOPIB,
pOOOTH 3 ICTOPIEIO I[IH KPUNITOBAIIOT Ta MapaMy KPUIITOBAIIOT.

e Meroau knacy
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o startCalculations(int idProvider): Meroa nnst 3amycky OOYMCIIEHHS
1HAMKATOPIB JJIs 33JaHOTO MpoBaiiiepa.

o calculateAndSavelndicators(int idProvider, int coinPairld, String
candleType, IndicatorCalculationService calculator): Mertong nmns

oOYHCIIeHHS Ta 30€peKEeHHSI 1HTUKATOPIB.

Knacu StatisticsServicelmpl Ta IndicatorCalculationLauncher € BaxxmuBamu
KOMIIOHEHTAaMH CHUCTeMH JJisl aHami3y JaHuX Ta OOuYMCICeHHS (PIHAHCOBUX
iHauKaTopiB. Bonu 3a0e3neuyoTh aBTOMAaTHYHUIA aHai3 MPOMYCKIB Y JIaHUX, iX
3aII0BHEHHS], CTBOPEHHS 3BITIB PO CTaH CUCTEMU Ta OOUYUCIICHHS 1HAUKATOPIB JJIs1
KpunToBaMOTHUX nap. L1 kinacu gomomararoTh 3a0€3Me4UTH BUCOKY HAIIMHICTh Ta
TOYHICTh CUCTEMH, 10 € KPUTUYHO BAXKIIMBHUM JIJIs1 YCIIITHOTO MPOTHO3YBAHHS IIH

Ha KPUIITOBAJIIOTHOMY PUHKY.

OCHOBHMMHU CTPYKTypaMu JaHUX B paMKax poOOTH €:

o Kuac CoinPrice, sxuii € mpeacTaBICHHIM ICTOPUYHOI CBiukH (puc. 31).

Long
candleT pen: Long
candleT Long

exchangeld: Integer

Puc.31. Ctpykrypa kinacy ta nosns kiacy CoinPrice
o Kmac Exchangelndicator, sikuii € mnpeacTaBiIeHHSAM 3HAYCHHS

PO3paxoBaHOTO iHAWKATOpa B IEBHUH MOMEHT Yacy (puc. 32).
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id: Long
calculatedValue: BigDecimal

coinPriceHistoryld: Long

indicator: Indicator

period: Integer

Puc.32. Ctpykrypa kiacy ta nons kiacy Exchangelndicator
Onucana CTpyKTypa TMpPOEKTYy Ta OCHOBHI KOMIIOHEHTH 3a0e3MevyloTh
edexkTuBHUN 30i1p, 0OpPOOKY Ta aHai3 JaHUX MNPO KPUNTOBATIOTHI pUHKH. Lle
JT03BOJISIE CTBOPIOBATU TOYHI IPOTHO3M LIHOBHUX PYXIB Ta 3a0€3Me4yBaTh BUCOKUI

P1BEHb HAJIIMHOCTI CUCTEMHU.

3.2.3 IIpoexm crypto-prices-predictor

crypto-prices-predictor - e mpoekT, Npu3HAYCHUH )T aHAJII3y Ta IPOTHO3yBaHHS
I[IH KPUMNTOBAIIOT Ha OCHOBI 310paHux naHux. OCHOBHI 3aJladyi LbOTO MPOEKTY

CKJIaJaIOTh.

o 3aBaHTa)KeHHA JaHuX 3 0a3u ganux PostgreSQL.

o IlonmepenHio 0OpoOKy, BKIIFOUAIOYH HOPMATI3alliio.

o BUKOpUCTaHHA pI3HUX QITOPUTMIB MAIIMHHOTO HABYaHHS s
HaBYaHHS MOJEJIEH.

o HanamryBaHHs rineprapamMeTpiB MOJCIICH.

o TpeHyBaHHS MojieNiell HA OCHOBI 310paHUX Ta OOPOOIEHUX JaHUX.

o BukopucTaHHsS HaBUEHUX MOJENEH [JIsl MPOTHO3YBaHHS HAIMPSIMKY
PYXy LIH KPUOTOBAJIOT.

o Bwupaauda nporHo3is 3 BIpOT1HICTIO HAMIPSIMKY pyXY L[IHU Yyepe3 NeBHUMN

MIPOMIXKOK 4acy.

OCHOBHI KOMITOHEHTH BKJIFOYarOTh (puc. 33):
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~ [T impl [crypto-prices-predictor-impl]

application.properties
h.properties
? targ
pom.xml

> [J predictordata

Dockerfile
pom.xmi

Puc.33. OcHOBHI KOMIIOHEHTH TIPOEKTY Crypto-prices-predictor

Hupekropis src/main/java/com/dkostin/cryptos/predictor

[Taker config: Mictuth KOHQIrypamiiiHi KJIacu AJis HaJTalTyBaHHS
JOJIaTKY .

[Taker controller: MicTuTh Kiack KOHTpOJIEPIB, sSKi OOpPOOJSIOTH
HTTP-3anuTu 1 moBepTaroTh BIJINOBIII HA OCHOBI OOPOOKM JaHUX Ta
MIPOTHO3IB.

[MTaket db: MicTuth KIacu a1 B3a€MO/Iil 3 03010 TaHUX.

[Taker dto: Micture o00'ektn mnepemaui  ganux (DTO), sxi
BUKOPUCTOBYIOTHCS JUTS TIepeaadi JaHUX MIXK PI3HUMU KOMIIOHEHTAMH
CUCTEMH.

[Taker model: Micture MoOAEal MAIIMHHOTO HABYAHHA UL

MPOrHO3YBAHHS I[1H HA KPUIITOBAIOTY.
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[Taker rest: BebG-iHTepdeiicu nias n0CTymy 10 (PyHKIIOHAIBHOCTI
nonarky uyepe3 HTTP-3anutu.

[Taker service: Bxirodae cepBicu s Oi3HeCy JgoaTKa.

JlupekTtopis src/main/resources

liquibase: Koudirypariii iHCTpyMeHTY I YIpPaBIIiHHSA BepcisiMu 0a3
JTAHUX.

application.properties: OcHoBHI KOH}ITYyparlii Jo1aTKa.

JupekTopis model: 36epeskeHi HaBUEHI MOJICITI.

path.properties: Koudirypamii ais muisxamu 10 MOJCIEH, TaHuX I

HaB4YaHHA.

JlomaTkoBi 3aranbHi (hailiin BKIIOYAIOTh B ceoe:

Dockerfile, sixuit Bu3Havae sik 30upatu Docker-oopa3s npoekry.
pom.xml: Maven koudirypamiiiauii  daia IS yOpaBIiHHS
3QJIEKHOCTSIMU Ta 301PKOIO MTPOEKTY.

build.sh: Cxpunt mmst 30ipku mpoekTy.

run.sh: CKpHIIT JJ1s1 3aIyCKy MPOCKTY.

stop.sh: Ckpurrt st 3yMHKA TPOCKTY.

Onuc REST API mpoekry crypto-prices-predictor:

[Ipore Oyno peamizoBani REST API inTepdeiicu, siki 3a0e3medyroTh

(GYHKIIOHAJIBHICTh aHaJI3y Ta BUKOPUCTAHHS MOJIEIEe MPOrHo3yBaHHs JaHUX MPO

inu kpunrtoBamoT. Hwkue HaBeneHo onuc intepdeticiB LSTMResource (puc. 34).
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LSTMResource

<<interface>>

+testCSV(ConditionCsv conditionCsv): void
+launchLSTM(ConditionLstm conditionLstm): ResponseEntity<ModelTrainingResult>
+predict(int coinPairld, int exchangeld, String candleType): double

Puc.34. PeanmizoBanuii REST API inTepdetic B mpoekti Crypto-prices-predictor

[aTepdetic LSTMResource Bu3Hauae oCHOBHI orepartii s 300py JaHUX PO
NIATPUMYBaH1 KpUNTOBAIIOTHI ApH Ta 1CTOPIi 1iH. BiH MICTUTH ABa METOIHU:

e testCSV. IligroroBmroe maHi 7O BUKOPHUCTAHHS ILIAXOM IOAUTY Ha
4acTUHH, 30epirae gani y popmari CSV Ha OCHOBI 33JJaHUX YMOB.

e launchLSTM. 3anyckae TpenyBanus LSTM mojeini Ha OCHOBI 3aJJaHUX

YMOB.

e predict. BukoHye mporHo3yBaHHsI I[IHM Ha OCHOBI 33JJaHKMX [TapaMeTPiB.

e downloadCsv. 3aBantaxye CSV (aiin 3 pe3yapTaTraMu nepeaoaucHHs.

Ornuc OCHOBHHX KJIACiB B IMINIOMHOMY MPOEKTI:

Knac NormalizerMinMaxScaler € komnoneHTOM I HOpMaJTi3aiii HabopiB
JAHUX, 110 BUKOPUCTOBYETHCS Yy TMPOIEC] MIJATOTOBKU JAHUX [JIi MAaITUHHOTO
HaBuaHHs. Lle#t kinac qo3Bossie MacTabyBaT 3HAY€HHSI 03HAK (1, 32 HEOOX1AHOCTI,
MITOK) [0 [lafa3oHy MDK MIHIMQJIbHUM 1 MaKCUMaJbHUM 3HAUYCHHSIMHU, 3a
3amoBuyBaHHSIM MK O Ta 1. Ile mormomarae miaBunuTH ePEeKTUBHICTh Ta TOYHICTh
MOJIeJIe MallIMHHOTO HaBYaHHS.

Meroau kiacy:

o setFeatureStats. = BcraHoBmoe ~— cTaTUCTUKYy — MIHIMQJIbHUX  Ta

MaKCHUMaJIbHUX 3HAYCHB ISl O3HAK.
e setLabelStats. BcranoBito€e CTaTUCTHKY MiHIMATbHAX Ta MaKCHUMAJIbHUX

3HAYEHD IS MITOK.

e getTargetMin. [ToBeprae MiHIMaIbHE 3HAYEHHS Jialla30Hy HOpMaJTi3arlil.
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e getTargetMax. [IloBeprae  MakcuManbHE  3HAYEHHS  Jlalla30HY
HOpMaTi3aIii.

e getMin. IToBepTae MiHIMaJIbHI 3HAYCHHS O3HAK.

e getMax. IToBepTae MakcuManbHi 3HAYCHHS O3HAK.

e getLabelMin. IToBeprae MiHIMalIbHI 3HAYCHHS MITOK.

e getLabelMax. [ToBepTae MakCUMaJIbHI 3HAYECHHS MITOK.

¢ load. 3aBaHTaxxye MiHIMaJIbHI Ta MAKCUMaJIbHI 3HAYCHHS 3 (hailiB.

e save. 30epirae MiHIMaJbHI Ta MAaKCUMaJIbHI 3HAYE€HHS y (aiiiu.

Knac  NormalizerMinMaxScaler € epexkTuBHUM  I1HCTPYMEHTOM  JUIS
MaciTa0yBaHHS 3HAYEHb O3HAK Ta MITOK y Ha0Opi AaHUX J0 3aJ]aHOTO JIiala3oHy.
BukopucranHs 11boro Kjacy jgoromarae 3a0e3neyuTd OUIbIl cTablIbHE Ta TOYHE
HAaBYaHHS MOJIeJIe MAaIIMHHOTO HAaBYAHHS 3a PaxXyHOK HOpMaiizamii JaHuX.
OcHOBHI (PYHKIIi KJacy BKJIIOYAIOTh 3aBAHTAXKEHHS Ta 30€pEXKEHHSI CTATHCTUKH,

HaJalITyBaHHS Jl1alla30Hy HOpMaJi3ailii Ta 00poOKy 3HaueHb 03HAK Ta MITOK.

Knac LSTMServicelmpl € peanizamiero cepBicy Ui HaBYaHHS 1
Bukopuctanusa mojeneir LSTM (Long Short-Term Memory) ajist mporHo3yBaHHSs
IIH Ha KpunToBaOTH. Knac Hajgae (QyHKUIOHAIBHICT JJI1 HABYAHHSA MOJEN] Ha
OCHOBI BXIJTHUX JIaHUX, 30€peKEHHs MOJIEN, MPOrHO3yBaHHS Ha OCHOBI HABYEHOI
MO/IeJII Ta OLIIHKH ii MPOyKTUBHOCTI.

BiH ckiagaeTbes 3 OCHOBHHMX CKJIaI0BUX:

e KoHxcranrtu 1 nons:
o Insax no ¢aiiny pe3epBHOrO KOMiIFOBAHHS MOJENI.

o KinbpkicTh BXITHUX MTapaMeTpiB JIsl MOJEII.

O

Kondiryparis qyis CSV ¢aiinis.

o O06'ext moaeni ComputationGraph.
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o Cepsic nmns poOOTHM 3 ICTOPUYHUMH JaHUMU TPO IMIHU Ha

KpunrToBaitoTy. StatusReportService statusReportService: Cepsic

JUIS CTBOPEHHS 3BITIB MPO CTaH CUCTEMH.

e Meroau knacy

O

init (): imimianizye MOJeb, 3aBaHTAXKYIOUH 11 3 (aiiry, SKIIO BiH
ICHYE.

saveModel (): saveModel.

predict (): mporHo3ye KMOBIpHICTh 3pOCTaHHS a00 MaIHHS [IHA Ha
OCHOBI1 OCTaHHIX JaHHX.

dataForPredictionForm (): dopmye BXiaHi 1aHi )1 IPOTHO3YBaHHS
3 ICTOPUYHUX JaHUX.

launchLSTM (): BiamoBinae 3a HaByanHus mozeni LSTM Ha ocHOBI
BXIJTHUX JaHUX, OIlIHIOBaHHsS 11 e()EeKTUBHOCTI Ta 30epeKCHHS
pEe3ybTaTIB.

initModel  ():  imimiamizye wMomens LSTM 3 3amaHoro

KOH(DIrypaiiero.

Kimac LSTMServicelmpl € 1eHTpadibHMM KOMIIOHEHTOM [JIs peaizaliii

MPOTHO3YBAHHS I[IH Ha KPUNTOBAIIOTH 3a jgomomoroto mojeneir LSTM. Bin

BKJIIOYa€e B ceOe (PyHKIIIOHAIBHICTD JJISI HaBYaHHS MOJCIN, 30€peKeHHS MOJIEII,

MPOTHO3YBAHHS I[iH Ta OI[IHKKM TOYHOCTI MoOjeJi. BUKOpUCTaHHS LIbOTO CEPBICY

A03BOJIA€E aBTOMATHU3YBATHW IIPOLECC IMPOTHO3YBAHHA Ta IMOKpaHUTH TOYHICTH

nepeaoayeHb Ha OCHOBI ICTOPUYHUX JTaHUX.

OCHOBHUMU CTPYKTYpaMu JaHUX B paMKaxX poOOTH €:

o Kiac ConditionCsv npeacrasisie mapameTpu st KOHPITyparii 3arnuTy

Ha 30epexxeHHs CSV  (aiiiB  ICTOPUYHMX JAHMX TPO IIHU

KpunroBatoT. [{i mapameTpu BUKOPUCTOBYIOTHCS I iIeHTUDIKaITii
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KOHKPETHOT Iapy KPUIITOBAIIOT, O1pJKi, TUIY CBIYOK Ta MEPIOIy Yacy.

(puc. 35).

String T Object
coinPairld: int = 1

excha int =1

candleType: String = “1h"
startDate: long = 1420074000000L

Puc.35. Ctpykrypa kinacy ta noss kiacy ConditionCsv
coinPairld: I0enmucghixamop napu kpunmosaiom.
exchangeld: Ioenmughixamop 6ipoxci.
candleType: Tun cesivox (nanpuxkiao, "lh" o3umauae ceiuku 3
200UHHUMU IHMEPBAIAMU).
startDate: Ilouamkoea oama 6 minicekynoax 3 nouamxy enoxu (Unix

time).

o Kimac ConditionLstm mnpencraBise KOHQIrypariro s HaBYAHHS
mozeni LSTM. Leit kiac MICTUTh apamMeTpu Ajsi BUZHAYCHHSI YMOB

Ta rineprnapaMeTpiB HaB4aHHSA Mozeni. (puc. 36).

coinPairld: int = 1

t=10
Rate: double = 0.005

Puc.36. Ctpykrypa kiacy ta nosns kiaacy ConditionLstm
coinPairld: Ioenmugixamop napu kpunmosanom.
exchangeld: Ioenmughixamop 6ipoxci.
candleType: Tun csiuok.

startDate: [louamxoea dama 071 HABYAHHA MOOEIII.
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trainingPercent: Biocomok Oanux, wo 6uUKOpucmogyromscsi OJis
HABYaHHSL.

numberOfFilesForOnelteration: Kinvxicmo Qaiinis, wo
BUKOPUCTNOBYIOMbCS 8 OOHIU imepayii HA8UAHHSL.

nbEpochs: Kinbkicme enox HaguamnHs.

learningRate. [lleuokicms Haguanmsi.

batchSize: Posmip nakema (batch size).

IstmLayerSize: Posmip wapy LSTM.

numLabelClasses: Kinbkicmb Knacie 8uxiono2o wapy mMooeii.
o Kmac ModelTrainingResult mnpencraBnsie pe3yiabTaTd HaBYAHHS

mozen LSTM. Bin MiCTUTh KOH]Irypallito HaB4aHHs, CHUCOK 3HAYECHb

AUC (Area Under Curve) nist KoxHOI iTepartiii Ta piHaJIbHE 3HAYCHHS

AUC (puc. 37).

conditionLstm: ConditionLstm

onelterationAucs: List<Double>

auc: double

Puc.37. Ctpykrypa kinacy ta nojs kiacy ModelTrainingResult
conditionLstm: Kongicypayis ymos naguanus LSTM.
onelterationAucs: Cnucox 3Haueno AUC 0na kooxcnoi imepayii
HABYAHHL.
auc: Dinanvue 3nauenns AUC.

o Kunac TestFiles npencraBinsie MoeNbHI J1aHi, [0 BUKOPHUCTOBYIOTHCS
JUIsl TecTyBaHHs Ta oiiHnku moneni LSTM. Ile#t kinac MiCTUTh CIIUCKH

pi3HMX (DIHAHCOBUX TOKA3HMKIB, $IKI TMPOTHO3YIOTHCS MOJEIUIIO.

(puc.38).
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closeFromModel:
volumeFromModel: <Float> = new Arr
mfiFromModel: List<Float> = new Array

emaFromModel: List<Float> =
smaFromModel: Li Float=
cmoFromModel: List<Float>
acFromModel: List
soFromModel: List
riseFromModel: <Float> = ne

fallFromModel: List<Float> = new Array

resultRiseFromModel: List<Float> = new Arra
resultFallFromModel: List<Float> = new ArrayList<

Puc.38. Ctpykrypa kinacy ta nosns kinacy TestFiles
openFromModel: Cnucox npocno306anux 3uauens GiOKpummsi.
highFromModel: Cnucok npocrno306anux 3HaueHb MAKCUMYM).
lowFromModel: Cnucok npoeno308anux 3HaueHb MIHIMYMY.
closeFromModel: Cnucox npoeno308aHux 3Hauenb 3aKpumms.
volumeFromModel: Cnucox npoeno3zosanux 3HaueHv 06cscy mopeais.
mfiFromModel: Cnucokx npoenozosanux 3uauenv MFI (Money Flow
Index).
obvFromModel: Cnucox npoenozosanux snauens OBV (On-Balance
Volume).
emaFromModel: Cnucox npoenozosanux snauenns EMA (Exponential
Moving Average).
smaFromModel: Cnucox npoenoszosanux 3naueno SMA (Simple
Moving Average).
cmoFromModel: Cnucox npocnozosanux 3nauens CMO (Chande
Momentum Oscillator).
aoFromModel: Cnucox npocnoszosanux s3nauens AO (Awesome

Oscillator).
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soFromModel: Crucox npocnozosanux s3nauens SO (Stochastic
Oscillator).

riseFromModel: Cnucok npoeno3oeanux 3HayeHb 3pOCMaHHs.
fallFromModel: Cnucok npoeHo3o6anux 3HaueHb NAOiHHAL.
resultRiseFromModel: Cnucox pe3ynomamis 3p0cmaHusl.

resultFallFromModel: Cnucok pe3ynibmamie naoinHsi.

i kmacu 3a0e3MmeuyroTh CTPYKTYPY JJig KOH(DIrypailii, HAaBYaHHS Ta TECTYBaHHSI
mozaened LSTM, 1m0 BHUKOPUCTOBYIOTbCS JMJIg TPOTHO3YBaHHS I[IH Ha

KPHUIITOBAJIIOTH..

3.3 BucHoBk# 10 po3aiay 3

VY nanomy po3auii 0yJio BUKOHAHO PO3POOKY MPOrpaMHOIO MPOAYKTY JJIst
IHTEJIEKTyaJIbHOTO TIPOTHO3YBAHHS I[IHOBUX PYXiB Ha KPUIITOBAJIIOTHOMY PHUHKY.
[Iporpamuuii MPOAYKT BKJIIOYAE J1Ba OCHOBHI MPOEKTH: crypto-prices-loader ta
crypto-prices-predictor, ski 3a0e3nedyioTh 30ip, OOpOOKy, aHai3 JaHUX Ta
MIPOTHO3YBAHHS I11H HAa KPUIITOBAJIOTH.

Byno mnposeaeHo ornsna 3aco0iB  peainizallii MpPOrpaMHOrO J10JATKY,
OOTPYHTOBAaHO Ta HABENIEHO TMEpesiK HEOOXITHUX CEPBICIB JIsi pOOOTH JOJATKY.
3a3HayeHO MiHIMaJdbHI CHCTEMHI BUMOTH JJIi KOPEKTHOI POOOTH pPO3p0OIIEeHOT
CHUCTEeMH, OOIPYHTOBAaHO MO>KJIMBOCTI Java B HamIii 3ajadi, a TaKOX BU3HAUYCHO
OCHOBHI 3aBJIaHH, 1[0 MalOTh OyTH BUPIIICH] MPOTPAMHO.

PosrinsHyTO CTPYKTYpy MpOTpaMHOTO JOJATKy, OINKMCAHO OCHOBHI
(GyHKIIOHAIBHI PIllIEHH, 3aCTOCOBaH1 npu po3poodii. Hagana kopoTka 3MicTOBHA

IHCTPYKIIis 1O poOOTi 3 CUCTEMOI0. Bi3HaueHO OCHOBHI KPOKH POOOTH pO3p00IIeHOT
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cucteMu, chOpMOBaHi Ta IMOB’s13aH1 M’k COOOI0 I'0JIOBHI KOMIIOHEHTH IMPOTPAMHOTO
pimenHs. Onurcano npouecu 300py JaHUX 3 KpUNTOOIpK, iX 00pOOKH, 30eperKEeHH .
Bukonano womentoBaHHS CHCTEMH TPOTHO3YBaHHS IIIHOBHX PYXIB,
MIPOJIEMOHCTPOBAHO POOOTY OCHOBHUX PiBHIB IIPOTPAMHOIO PIIICHHS.
Oco6mmBa MalOyTHsI yBara MPUAUIATUMETHCS TMOKPAIICHHIO aJITOPUTMIB
MAIIMHHOTO HaBYaHHSA, BUKOPHCTAHHIO HOBUX (DIHAHCOBUX IHIUKATOPIB Ta

PO3IIMPEHHIO MIATPUMYBaHUX KpUNTOOIPK Ta BapiaHTIB BX1THUX JIAHUX.
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PO3/ILI 4

TECTYBAHHA ITPOTPAMM TA AHAJII3 OTPUMAHUX
PE3YJIBTATIB ITPOEKTY

OCHOBYIOYMCH Ha MOMNEPEAHIX PO3JAUIaX, Yy JaHOMY pPO3AUN IUIAHYETHCS
3MIACHUTH OrJisif 1HTepdeicy po3poOiaeHoi mporpaMu, MPOBECTH TECTYBAHHS Ta
aHasi3 po3po0aeHOro cnocol0y IHTEIEKTYalIbHOTO MPOTHO3YBAaHHS 1IHOBUX PYXIB,
3poOuTH BUCHOBKH. Cepell 3aIuIaHOBaHUX JOCTIIKEHb Mepe0adaroTbes TakKi:

e [lepeBipka TOUHOCTI MPOTHO3YBaHHS MOJENEH MAIIMHHOTO HABYAHHSI.

e OrmiHKa HAAIMHOCTI Ta BIAMOBOCTIMKOCTI CUCTEMH.

4.10rasia po3po0JieHOro MPpOrpaMHoOro MpPoayKTa
Y upoMy mnpoekti Oyino po3po0JIEHO MPOrpaMHUN MPOAYKT MHUIIXOM
ctBopeHHsT API, BHUKOpHCTaHHS $KOTO JOCTyHNHE OyAb-sIKOIO CHCTEMOIO YU
3aCTOCYHKOM. Takox € MOXJIHMBICTH po3poOuTH BeO a00 MOOUIbHUI 1HTEpdENicC,
SAKUN BUKOPHUCTOBYBAaTHME Haly CUCTEMY.
Onpa3sy micisi 3alycKy MporpaMmu crypto-prices-loader BUKOHYEThCSI MOYAaTKOBA

nepeBipka Ta KOHQIryparrist BiiMOBiHO 0 MOTYKHOCTEH 00aanHanus (prc.39).

Puc.39. [loyarkoBa nepeBipka MOTYKHOCTEH CHCTEMH

[Ticnst IbOTO BUKOHY€ETHCS aBTOMaTUYHA NIEPEBIPKA OCTAHHIX HASIBHUX JaHUX
y 0a3l JaHuX MO KOXHIA MiATPUMYBaHIA Tapi, a MOTIM TPUBAE aBTOMATUYHE

3aBaHTXKCHHS HOBUX JaHUX 3 CEPBICiB MpoBaitiepiB (puc.40).
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Puc.40. Ilporiec aBTOMaTHYHOTO 3aBaHTAXXKEHHS JJAaHUX 3 CEPBICIB

poBaiiiepiB.

Sk yci naHi OyayTh 3aBaHTaXeH1 Ta 30€pe’eHl OYHEThCSI aBTOMAaTUYHUI

IpolLec po3paxyHKy (1HaHCOBUX 1HAMKATOPIB (puc. 41).

ulating

culating ind
lating i
lating i

culating ind
Lculating 1

lating indic
vlating indic

Calculating i

Puc.41. [Iporiec aBTOMaTHYHOTO PO3PAXYHKY (PiHAHCOBUX 1HAMKATOPIB.

Ha cporogHi, micias 3aBaHTaXEHHS Ta TOBHOTO pPO3PaxyHKY BCIX
JIOJATKOBUX 3HA4Y€Hb, HasIBHA KUIBKICTh JAHUX CKJIaga€ OJM3bKO 3 MUILHOHIB
3HAUE€Hb JUIS I[IHOBHX MOKAa3HUKIB Ta OJIM3BKO 15 MIJIBHOHIB 3HAYEHb I

(hiHaHCOBUX 1HIUKATOPIB (pHC. 42).
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-
Query Editor  Query History Query Editor ~ Query History

1 SELECT count(+) FROM coin price history; 1 SELECT count(*) FROM exchange_indicator;

Data Quiput  Explain Messages Notifications
— Data Output  Explain  Messages  Notifications
count o ———

4 bigint count o
1 2900881 4 Dbigint
1 14452460

Puc.42. Tlo3HaueHHS KUIBKOCTI JOCTYITHUX JJAHUX Ha ChOTOIHIIIHIN JeHb
Ornuc noctynHoi APl 1o 3aBaHTaKEHHIO Ta CTATUCTHIN JaHUX:

1. MoXJIMBICTh py4YHOTO CTApTy 3aBaHTAXKEHHS HOBUX JJAHUX JIOCTYIMHA 3a

AOIIOMOI'OI0 HACTYIIHOT'O GHI[HOiHTa:
curl --location 'http://localhost:8081/extract/exchange’

ITicas BHUKIIMKY OApa3y AOAA€THCA 3aJa4a B UCPIry JJI I104aJIbII0I0
3aBHTAXXCHHA HOBUX JAaHUX.

2. llepeBipka Ta OTpUMaHHS BCiX TeMiB:
[lepeBipka Ta OTpUMaHHs BCIX IeMiB JOCTYIIHA 33 JIONOMOTOK HACTYITHOTO

E€H/IIIOIHTA:

curl --location 'http://localhost:8081/statistics/gaps'

[Ticnst BUKITUKY IBOT'O €HATOIHTA Oyie TOBEPHYTO BC1 aKTyaslbHI ey B 0asi
naHuX. Pe3ymbrar micas TECTOBOTO JOBrOTPUBAJIOTO BUMKHEHHS MEpEXi IS

nepeBIpKU 300pakeHo Ha puc. 43.


http://localhost:8081/statistics/gaps
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-

"Binance”,
te” . 1518049695786,
ate": 1518173999999,
baseCoin”: "BNE",
guoteCoin™: "USDT",
candleType™: “1h"

Lod

(]

"Binance”,
; te @ 1529975399999,
endDate": 1630179999493,
baseCoin"”: "BMNB",
guoteCoin™: "USDT",

. n
randlaTyma™ b
el A= ¥ . 1 I

L

-

"Binance”,
startDate”™: 1530104399999,

snrdfa+a" " 1520119 R000Q00

Puc.43. ®opmar BiAMOBIAI Bi CHAMIOIHTA IO aHAJI3Y TeiB

3. 3amoBHEHHs BCIX MPOITYCKiB Ta TeiB:

3anoBHEHHS BCIX MPOMYCKIB Ta TEMiB JOCTYIHE 3a JONOMOTOK HACTYITHOTO
S€H/IIOIHTA:

curl --location 'http://localhost:8081/statistics/gaps/fill'

Onpa3y miciist BUKJIMKY I[bOTO €HANOIHTA B1A0YBAETHCS MPOILIEC 3alIOBHEHHS BCIX
MPOITYCKIB Ta BUAAJICHHS 3alBUX JIAHUX 3 PEECTPAIIE€I0 BCIX MOJiN B jorax (puc.
44).

[licns 3aBepuieHHs npouecy OyJe MOBEPHYTO BIAMNOBIAb MNP0 YCHIIIHE
3aBepIIeHHsA Tmporenypu. [ mepeBipkn dYu Bce BIpHO OyJIO 3alMOBHEHO,
BUKJIMYEMO III€ pa3 EHANOIHT 3 TEepPEeBIPKOK Ta MOIIyKOM remiB. PesynbTar

MoKa3aHo Ha puc. 45.
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d
h
[

"1 1.
"12h": ],
"1 5m [1,
“IemT: [1,
"8h": [1,
"3d": [1,
"Imn®: [],
"1t [T,
“anty 1.
“zhtr [T
"1h": 1,
"B5m [1.
“3m [1.
“im [1

Puc.45. BianoBiaes mpu BiJICYTHOCTI T'eIiB HA MOMEHT BUKJIUKY.
4. € MOXJIMBICTh OTPUMATH 3BICT M0 3aBAaHTAKECHHUX JaHUX:
curl --location 'http://localhost:8081/statistics/report/'
5. Jlusg miaAroToBKYM JaHUX JI0 PO3OUTTS Ta iX MOJANIBIIIOI HOpMaJIi3allii €
HACTYITHUMN €HAMOIHT:

curl --location 'http://localhost:8082/testCSV" \
--header 'Content-Type: application/json’ \
--data '{

"coinPairld™: 1,

"exchangeld™: 1,
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"candleType": "1h",
"startDate": 1420074000000

[Ticist BUKIMKY TOYMHAETHCA TIporieC  OOpOOKM JaHUX Ta 30epeKeHHS

HEBEJIMKUX FOTOBUX HAOOPiB AaHUX Yy (hopmarti CSV daiimiB (puc. 46).

patcherServiet"

initializati
it
it
it
it
it
it
it
it
it

: Weitinn

Puc.46. Peectpartis j0TiB BIAMOBIHO €Tamy MATOTOBKU JaHUX 10
MOJANTBIIIOT0 BUKOPHUCTAHHS.
6. Jlms Ge3nocepeTHLOr0 HaBUaHHS MOJIE]Il BUKOPHUCTOBYETHCS

HACTYIHUM €HANOIHT:

curl --location 'http://localhost:8082/Istm' \
--header 'Content-Type: application/json’ \
--data '{

"coinPairld™":1,

"exchangeld":1,

"candleType": "1h",

"startDate": 1420074000000,

“trainingPercent™: 80,

"numberOfFilesForOnelteration™: 10,

"nbEpochs": 10,

"learningRate": 0.005,

"batchSize": 64,

"IstmLayerSize": 200,
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"numLabelClasses": 2
ITix yac sikoro TpuBa€ HaBUAHHS MOJIEN1 3T1THO 3aJJaHUX MMapaMeTPiB Ta BXITHUX

mapiB qaHux. Pe3ynbratu 300pakeHo Ha (puc. 47).

Many auc for one iteration:
.6178212765957447
.6344886821585376
.6517985611518791
.66177608617768619
.67726293168344829
.bBLTE2556/582088
.681958841953842
.b877248143369175
.B6B45522898154478
.68202825862862806
.6821358762527234
.b8B4T783142776151
.b852246782992971
.6544643933811214
.b8773945636815326
.b86789516289819%61
.68943341313436863
.bB882923887557298

a
a
a8
e
a8
a
a
a8
e
a8
a
a
a8
8
8
8
8
8

Puc.47. Pe3ynbraT HaBYaHHS Ta PE3yJIbTATH TECTyBaHHS HaBUCHOT
MOJIETI.
7. EHANOIHT 115 iepedadeHHs 3aCTOCOBYIOYM HAaBUCHY MOJICHb. Y SIKOCTI
napameTpiB 3amuTy MepenarThcsi oOpaHa Oipka, BaJlOTHA Mapa Ta

1HTEpBaJl Ha AKOMY Oyzie MPOBOJUTHUCH MEepe10aueHHS.

curl --location 'http://localhost:8082/predict?candle Type=1h&coinPairld=1"'

Ha puc. 48 mokHa moOauyuTU TOKa3HUKM HMOBIPHOCTI Y BIJCOTKaX IOO

HANpSMKY PyXy LIHU. SIKICTh TAaKOTO Nepe0auyeHHs € JOCUTh BUCOKOIO.


http://localhost:8082/predict?candleType=1h&coinPairId=1
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@.5377936363220215

s min val found to

Puc.48. Pe3ynbrat BUKOHAHHS €HAMOIHTY MO Mepea0adeHHIO

BUKOPHCTOBYIOUH 00paHy OipKy, MOJIENb Ta IHTEPBAJL.

Jlns BUMIpIOBAHHSI SKOCTI Halioi Mojedi Oysio o0paHo JeKiibKa

XapaKTePUCTHK, TAKUX SK:
AUC nns omiHKM MoIeniel, ki mepeadavaroTh 3pocTaHHs a00 maaiHHS IiH.

MAE ta RMSE n1s omiaku Mojesel, ski nependadaroTh TOUYHI 3HAYCHHS

I[IH Ha KPUTIITOBAJIIOTY.
1. AUC (Area Under the Curve)

AUC (Area Under the Curve) - 1ie MeTpuKa, sika BAKOPUCTOBYETHCS TSI OLIIHKH
NPOAYKTHBHOCTI Mojenei. Bona BusHauae miomy mijg kpuBoro ROC (Receiver
Operating Characteristic). ROC kpuBa OyayeTbcss Ha OCHOBI BITHOIIEHHS MiX
gyTiuBicTio (True Positive Rate) Ta cnenudiunictio (1 - False Positive Rate) mst
PI3HUX ITOPOTOBUX 3HAYEHb.

[TosicHeHHs IHTEpIIPETYBaHHS:

Koan AUC = 1, 11e BBa)aeThCs 11€aIbHO SKICHOK MOJIEIIIO.
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Komu AUC = 0.5, e BBaXaeThCs, 0 MOJICNIb HE Ma€ JUCKpUMIHAIINHOI

3JaTHOCTI, il TOYHICTh BHITaJKOBA.

Kom AUC < 0.5, BBaXKa€eThCsI, 110 MOJEIH MPALIO€ TipIIe HE BUMIAKOBICTb.

2. MAE (Mean Absolute Error)

[ls ™MeTpuka BH3HAUa€ CepeIHE 3HAYCHHS AaOCONMIOTHUX PI3HUIB MIXK

(baKTHIHUMH 3HAYCHHSIMU Ta TIepeI0aYeHIMH 3HAYCHHSIMU.
[TosicHeHHs IHTepIIPETYBaHHS:
Komu MAE = 0. 1e ineasibHa MO/IEIb, sIKa TOYHO Mependavae BCi 3HaUYCHHS.

UYum menmie 3HaueHHss MAE, tum kpama mozaens: Husbke 3naduenHs MAE

CBITYUTH PO BUCOKY TOUHICTH MOJIEI.
dopmyna:
1 —
MAE = —%L|yi - | (4.1)

He, y; - GdaktuuHi 3Ha4eHHs, Yy, - NependayeHi 3HAYEHHA, N - KUIbKICTh

CIIOCTCPCIKCHD.
3. RMSE (Root Mean Squared Error)

3rifHo 3 II€0  METPUKOK  BUKOHYETHCA  PO3PAaXyHOK  KOPIHS
CepeIHbOKBAAPATUYHOI MOMUJIKUA, TOOTO KOPIHb 3 CEPETHHOTO 3HAUCHHSI KBAPATIB
PI3HHIIb MK (DAKTUIHUMH Ta TIepe10auYeHUMHU 3HaUYeHHAMH. YrM MEHIIIa 3HaYeHHS

RMSE, tuMm sikicHIIIa MOAETb.

dopmyia:

RMSE = \/%zggl(yi—yi)z (4.2)
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BucnoBku 10 po3ainy 4

VY nanomy po3auil OyJjio MPOBENEHO NMPE3EHTYBaHHs, TECTYBaHHS Ta aHali3
pO3po0sIeHOT CUCTEMH I 1HTENEKTYyalIbHOTO MPOTHO3YBAaHHS I[IHOBUX PYXiB Ha
KPHUITOBAIIOTHOMY PUHKY. Bysio po3risiHyTo 0co6IMBOCTI pOOOTH 3 po3p0oOIeHUM
API, porpamu T1a ii 0CHOBHUH (YyHKITIOHAT.

1. API 3abe3nedye nOCTym A0 OCHOBHUX (PYHKIIM CHCTEMH, BKIIOYAIOUH

3aIyck 300py JaHMX, MEPEeBIpKYy MPOMYCKiB, aBTOMAaTHYHE 3allOBHEHHS
TeliB Ta aHali3 pe3yJIbTaTiB.

2. APl no3BoJisie iHTErpyBaTH CUCTEMY 3 THIITMMU JI0JIATKAMU Ta CUCTEMaMHU.

[IpoBeneHO TecTyBaHHS MPOIECY aBTOMATUYHOI'O 3aBAHTAXKEHHS JaHUX 3
cepsiciB npoBaiiaepis. [lepeBipeHo npouec po3paxyHKy (piHAHCOBUX 1HAMKATOPIB.

3a nmonmomoror BOyAOBaHMX (PYHKIIH OyJl0 MPOBEIEHO OI[IHKY ITOKa3HUKIB
AUC, MAE ta RMSE, 110 103B0s11s10 npoaHanizyBaTy €(heKTUBHICTh MOJIEIII.

[Tomanbirl 1OCHIIKEHHS MOKYTh OyTH CIIPSIMOBaH1 Ha ONTHMI3aLlii0 MOJENIEN Ta
po3MUpeHHs (YHKIIIOHATBHUX MOJKJIMBOCTEH CHCTEMH MUISAXOM 301IbIICHHS
KUTBKOCTI BXIJHUX JaHUX, TaKUX SK 1H-4eHH aHaji3, aHalli3 COLIAIbHUX MEpPEeK,

HOBUH JIJIs1 KPAIIOT0 PO3YMIHHSI PUHKY.
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BUCHOBKH

Maricrepcbka poboTa MpucBsdeHa Po3poOIl CUCTEMH 1HTEICKTYaJbHOIO
MPOTHO3YBAHHS IIHOBUX PYXIB Ha KPUNTOBATIOTHOMY PHUHKY 3 BHUKOPHCTAHHIM
TEXHOJIOT1M MAIlIMHHOTO HABYAHHS.

[lim dac BukoHaHHS KBamidikamiiHoi poboTH OyI0 TPOBEICHO
JOCITIJIKEHHSI CY4YacHOTO CTaHy KPUIITOBAJTIOTHOTO PHHKY, BU3HAYEHO OCHOBHI
aCIEKTU Ta BEKTOPU PO3BUTKY, @ TAKOK BUKOHAHO TEXHOJOTTYHUMN OIJISIT METO/IIB
MAaIllMHHOTO HaBYaHHs, 30KkpeMa, Mojieneit LSTM Tta iHmmx anropuTMiB ri1MO0KOTo
HaBYaHHA. PO3IIISIHYTO TOJIOBHI BHUIW Ta BIAKPHUTI 3a7adi MPOTHO3yBaHHS IIH Ha
KPUIITOBAJIIOTHOMY PHWHKY, BHUKOHAaHO OTJISiJ] ICHYIOUMX DpillleHb. BusBieHO
npoOJieMy, 10 akTyajibHa JJisl BUCOKOBOJATUIBHUX PUHKIB: IIBHJKA 3MiHA I[IH,
BEJIUKI 00CSITH JaHUX Ta MOTpeda B ONEpaTUBHOMY aHai31. 3alpONOHOBAHO CIIOCIO
BUPILMIEHHS JAaHOI MPOOJEMH 13 3aCTOCYBaHHSAM CYyYacCHHMX MIAXOIIB A0 OOpOOKH
BEJIUKHX JaHUX T4 MATMHHOTO HABYaHHS.

byno cdopmoBaHO OCHOBHI 3aBJaHHs, SIKI Ma€ BUPINIyBaTH CHCTEMa
nporHo3yBaHHs 1iH. CHpopMylIbOBAaHO OCHOBHI eTanu 300py, OOpOOKH Ta aHaNI3y
nanux. Buznaueno mpoiec hopmyBaHHs HAOOPIB TaHUX /I TPEHYBAHHS MOJIEJIEH,
a TaKOX IMpOIECiB IXHbOI MOMEpPeaHbOI OOpPOOKH Ta HOpMasli3auli. 3a3Ha4ueHO
aHAJITAYHI MIAXOAW JJIsI OMNpaIlOBaHHS OTPUMAHUX JaHUX Ta peatizaiii
nporHo3yBaHHs I1iH. OKpiM IIbOT0, OIHCAHO OCHOBHI €Talud aBTOMATHYHOTO
3aBaHTaXEHHS JaHMX 3 O1pK, iIXHBOTO 00pOOJIEHHS Ta 30€pEKEHHS.

3a  TPOBEACHOIO  PO3POOKOID  peali30BaHO  MOJEIb  CHCTEMH
IHTEJIEKTyaJIbHOTO MPOTHO3YBAHHS IiH. BUKOHAHO TEXHOJOTIYHUHN OTJIsif] 3ac001B
peanizaiiii, oOrpyHTOBaHO BHMOIp MOBHM MporpamyBaHHs (Java), apxiTEeKTypH Ta
cepBiciB. Hajgano mpomixHi pe3yibTaTH MPOIECiB 300py, OOpoOKM Ta aHai3y

JIAHUX, a TAKOXK MOKAa3aHO PE3yIbTyI0Ul MOJIE1 TPOTHO3YBaHHS.
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3aBISKM TEXHOJOTIYHMM Ta KOHLENTyalbHUM OCOOJMBOCTSM, JlaHa
cucreMa MOXke OyTHM 3acTOCOBaHa JJIsi NPOTHO3YBAaHHS IIH JJsl  Pi3HUX
KPUNTOBAIIOT. 3alIPONIOHOBAHE pillieHHs € MacimTaboBaHuM. OKpiM I[bOTO, METOIU
poOOTH 3 BEIMKUMH JaHUMH Ta MAIIMHHUM HaBYaHHSAM JO3BOJISIIOTH OTPUMYBATH
IPOTHO3U B PEXHMMI PEaJbHOrO 4acy, IO 3 MPAKTHYHOI TOYKHU 30py JO3BOJISE

TpeiiepaM Ta IHBECTOpaM MPUUMATH ORI OOTPYHTOBAHI PIIlICHHS.
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package com.dkostin.cryptos.loader.config;
import org.springframework.context.annotation.Configuration;

@Configuration
public class AppConfig {

}

package com.dkostin.cryptos.loader.db.dao.impl;

import org.springframework.beans.factory.annotation. Autowired,;
import org.springframework.jdbc.core.BatchPreparedStatementSetter;
import org.springframework.jdbc.core.JdbcTemplate;

import org.springframework.stereotype.Repository;

import java.sql.PreparedStatement;
import java.sgql.SQLEXxception;
import java.util.List;

import com.dkostin.cryptos.loader.db.dao.CoinPairDao;
import com.dkostin.cryptos.loader.db.rowmapper.CoinPairRowMapper;
import com.dkostin.cryptos.loader.domain.CoinPair;

@Repository
public class CoinPairDaolmpl implements CoinPairDao {

private final String SAVE_QUERY = "INSERT INTO coin_pair (id, base_coin,
quote_coin, active) VALUES (?,2,2,7)";

private final String FIND_MAX_ID_QUERY ="SELECT COALESCE(MAX(id), 0)
FROM coin_pair™;

private final String UPDATE_QUERY = "UPDATE coin_pair SET base_coin=?,
quote_coin="?, active=? WHERE ID=?";

private final String FIND_ALL_QUERY ="SELECT * FROM coin_pair";

private final String FIND_BY _ID_QUERY ="SELECT * FROM coin_pair WHERE
ID=?";

private final String FIND_BY_BASE_COIN_QUERY ="SELECT * FROM coin_pair
WHERE base_coin=?";

private final String FIND_BY_QUOTE_COIN_QUERY ="SELECT * FROM
coin_pair WHERE quote_coin=?"",

private final String DELETE_QUERY = "DELETE FROM coin_pair WHERE id="?";

private final String DELETE_ALL_QUERY ="DELETE FROM coin_pair";

private final String FIND_ACTIVE_COIN_PAIRS BY_EXCHANGE ="SELECT
coin_pair.id,coin_pair.base_coin,coin_pair.quote_coin,coin_pair.active " +

"FROM coins_by_exchange JOIN coin_pair ON coins_by_exchange.coins_pair_id
= coin_pair.id " +
" WHERE coins_by exchange.exchange_id=? AND coin_pair.active="true’ AND

p2p_supported = ?*;
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private JdbcTemplate jdbcTemplate;

@Autowired
public CoinPairDaolmpl(JdbcTemplate jdbcTemplate) {
this.jdbcTemplate = jdbcTemplate;

}

@Override
public CoinPair save(CoinPair coinPair) {
int nextld = jdbcTemplate.queryForObject(FIND_MAX_ID_QUERY, Integer.class)
+1;
jdbcTemplate.update(SAVE_QUERY, nextld, coinPair.getBaseCoin(),
coinPair.getQuoteCoin(), coinPair.getActive());
return coinPair;

}

@Override
public List<CoinPair> saveAll(List<CoinPair> coinPairs) {
int maxld = jdbcTemplate.queryForObject(FIND_MAX_ID_QUERY, Integer.class);
for (CoinPair coinPair : coinPairs) {
coinPair.setld(++maxld);
¥
this.jdbcTemplate.batchUpdate(
SAVE_QUERY,
new BatchPreparedStatementSetter() {

public void setValues(PreparedStatement ps, int i) throws SQLEXxception {
ps.setint(1, coinPairs.get(i).getld());
ps.setString(2, coinPairs.get(i).getBaseCoin());
ps.setString(3, coinPairs.get(i).getQuoteCoin());
ps.setBoolean(4, coinPairs.get(i).getActive());
¥

public int getBatchSize() {
return coinPairs.size();
}
b

return coinPairs;

¥

@Override
public void deleteByld(int id) {
jdbcTemplate.update(DELETE_QUERY, id);

}

@Override
public void deleteAll() {
jdbcTemplate.update(DELETE_ALL_QUERY);

¥
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@Override
public List<CoinPair> findAll() {
return jdbcTemplate.query(FIND_ALL_QUERY, new CoinPairRowMapper());

}

@Override
public CoinPair findByld(int id) {
return jdbcTemplate.queryForObject(FIND_BY_ID_QUERY, new
CoinPairRowMapper(), id);

}

@Override
public void update(CoinPair updatedCoinPair) {
jdbcTemplate.update(UPDATE_QUERY, updatedCoinPair.getBaseCoin(),
updatedCoinPair.getQuoteCoin(), updatedCoinPair.getActive(), updatedCoinPair.getld());

}

@Override
public List<CoinPair> findByBaseCoin(String baseCoin) {
return jdbcTemplate.query(FIND _BY_ BASE_COIN_QUERY, new
CoinPairRowMapper(), baseCoin);

}

@Override
public List<CoinPair> findByQuoteCoin(String quoteCoin) {
return jdbcTemplate.query(FIND_BY_QUOTE_COIN_QUERY, new
CoinPairRowMapper(), quoteCoin);

}

@Override
public List<CoinPair> getActiveCoinPairsByExchange(int exchangeld, boolean
isPeerToPeerPairs) {
return jdbcTemplate.query(FIND_ACTIVE_COIN_PAIRS BY_EXCHANGE, new
CoinPairRowMapper(), exchangeld, isPeerToPeerPairs);

¥
¥

package com.dkostin.cryptos.loader.db.dao.impl;

import org.springframework.beans.factory.annotation. Autowired;
import org.springframework.jdbc.core.BatchPreparedStatementSetter;
import org.springframework.jdbc.core.JdbcTemplate;

import org.springframework.jdbc.support.GeneratedKeyHolder;
import org.springframework.jdbc.support.KeyHolder;

import org.springframework.stereotype.Repository;

import java.sql.PreparedStatement;
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import java.sgql.SQLEXxception;
import java.util.List;
import java.util.Optional;

import com.dkostin.cryptos.loader.db.dao.CoinPriceHistoryDao;

import com.dkostin.cryptos.loader.db.rowmapper.CoinPriceHistoryRowMapper;
import com.dkostin.cryptos.loader.domain.CoinPriceHistory;

import com.dkostin.cryptos.loader.domain.Indicator;

import com.dkostin.cryptos.loader.domain.Interval;

@Repository
public class CoinPriceHistoryDaolmpl implements CoinPriceHistoryDao {

private final String SAVE_QUERY ="INSERT INTO coin_price_history
(coin_pair_id, open, high, low, close, volume, number_of trades, " +
"candle_time_open, candle_time_close, candle_type, exchange_id) VALUES
22222222227)"

private final String UPDATE_QUERY = "UPDATE coin_price_history SET open=?,

high=?, low=?, close=?, volume=?, number_of trades=?," +
"candle_time_open=? WHERE coin_pair_id=? AND exchange_id=? AND

candle_time_close=? AND candle_type=?";

private final String FIND_ALL_QUERY ="SELECT * FROM coin_price_history";

private final String FIND _BY _ID_QUERY ="SELECT * FROM coin_price_history
WHERE id="?";

private final String FIND_BY_COIN_PAIR_ID_QUERY ="SELECT * FROM
coin_price_history WHERE coin_pair_id="?";

private final String FIND_BY_EXCHANGE_ID_QUERY ="SELECT * FROM
coin_price_history WHERE exchange_id="?";

private final String DELETE_QUERY = "DELETE FROM coin_price_history
WHERE id=?";

private final String DELETE_ALL_QUERY = "DELETE FROM coin_price_history";

private final String FIND_LAST_LOADED_HISTORY_DATE ="SELECT
MAX(candle_time_close) FROM coin_price_history WHERE exchange_id =? AND
coin_pair_id = ? AND candle_type = ?";

private final String FIND_ALL_CANDLE_TYPES_IN_DATABASE = "SELECT
DISTINCT candle_type FROM coin_price_history cph WHERE coin_pair_id = ? AND
exchange_id = ?";

private final String FIND_LAST_CALCULATED_HISTORIES_QUERY ="SELECT

* FROM coin_price_history " +

"INNER JOIN exchange_indicator ON coin_price_history.id =
exchange_indicator.coin_price_history_id " +

"WHERE exchange_id = ? AND coin_pair_id =? AND candle_type=? AND
indicator_type = ? AND period = 7" +

"ORDER BY candle_time_close DESC " +

"LIMIT ?";
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private final String
FIND _ALL_UN_CALCULATED_COIN_PRICE_HISTORIES QUERY ="SELECT *"
+
"FROM coin_price_history " +
"WHERE candle_time_close > " +
"(SELECT COALESCE(MAX(candle_time_close), 0) " +
"FROM coin_price_history cph INNER JOIN exchange_indicator ei " +
"ON cph.id = ei.coin_price_history_id " +
"WHERE exchange_id =? AND coin_pair_id =? AND candle_type =? AND
ei.indicator_type =? AND ei.period =?) " +
"AND exchange_id = ? AND coin_pair_id =? AND candle_type = ?" +
"ORDER BY candle_time_close " +
"LIMIT ?; "

private final String FIND_BY_EXCHANGE_COIN_PAIR_INTERVAL_QUERY =
"SELECT * FROM coin_price_history WHERE exchange_id = ? AND" +
" coin_pair_id="? AND candle_type =? AND candle_time_close > ? ORDER BY
coin_price_history.candle_time_close ASC LIMIT ?";
private final String FIND_PREVIOUS_DATA ="SELECT * FROM
coin_price_history " +
"JOIN exchange_indicator ON coin_price_history.id =
exchange_indicator.coin_price_history_id " +
"WHERE coin_price_history.exchange id =? AND
coin_price_history.coin_pair_id = ? AND coin_price_history.candle_type =? " +
"AND exchange_indicator.indicator_type = ? AND
coin_price_history.candle_time_close <= ? AND exchange_indicator.period = ?" +
"ORDER BY coin_price_history.candle_time_close DESC " +
"LIMIT ?";
private final String FIND_LAST _DATE ="SELECT
COALESCE(MAX(candle_time_close), 0) " +
"FROM coin_price_history cph INNER JOIN exchange_indicator ei " +
"ON cph.id = ei.coin_price_history_id " +
"WHERE exchange_id =? AND coin_pair_id =? AND candle_type =? AND
ei.indicator_type = ? AND ei.period = ? ",

private JdbcTemplate jdbcTemplate;

@Autowired

public CoinPriceHistoryDaolmpl(JdbcTemplate jdbcTemplate) {
this.jdbcTemplate = jdbcTemplate;

¥

@Override
public CoinPriceHistory save(CoinPriceHistory coinPriceHistory) {
KeyHolder keyHolder = new GeneratedKeyHolder();
jdbcTemplate.update(connection -> {
PreparedStatement ps = connection.prepareStatement(SAVE_QUERY, new

String[[{"id"});



}

}

co
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ps.setint(1, coinPriceHistory.getCoinPairld());
ps.setBigDecimal(2, coinPriceHistory.getOpen());
ps.setBigDecimal(3, coinPriceHistory.getHigh());
ps.setBigDecimal(4, coinPriceHistory.getLow());
ps.setBigDecimal(5, coinPriceHistory.getClose());
ps.setBigDecimal(6, coinPriceHistory.getVolume());
ps.setLong(7, coinPriceHistory.getNumberOfTrades());
ps.setLong(8, coinPriceHistory.getCandleTimeOpen());
ps.setLong(9, coinPriceHistory.getCandleTimeClose());
ps.setString(10, coinPriceHistory.getCandleType());
ps.setint(11, coinPriceHistory.getExchangeld());

return ps;

keyHolder);

inPriceHistory.setld((Long) keyHolder.getKey());

return coinPriceHistory;

@Override
public List<CoinPriceHistory> saveAll(List<CoinPriceHistory> prices) {

jdbcTemplate.batchUpdate(SAVE_QUERY, new BatchPreparedStatementSetter() {

@Override
public void setValues(PreparedStatement preparedStatement, int i) throws

SQLException {

¥

H

CoinPriceHistory price = prices.get(i);
preparedStatement.setInt(1, price.getCoinPairld());
preparedStatement.setBigDecimal(2, price.getOpen());
preparedStatement.setBigDecimal(3, price.getHigh());
preparedStatement.setBigDecimal(4, price.getLow());
preparedStatement.setBigDecimal(5, price.getClose());
preparedStatement.setBigDecimal(6, price.getVolume());
preparedStatement.setLong(7, price.getNumberOfTrades());
preparedStatement.setLong(8, price.getCandleTimeOpen());
preparedStatement.setLong(9, price.getCandleTimeClose());
preparedStatement.setString(10, price.getCandleType());
preparedStatement.setInt(11, price.getExchangeld());

}

@Override

public int getBatchSize() {
return prices.size();

}

return prices;

@Override
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public void delete(long id) {
jdbcTemplate.update(DELETE_QUERY, id);

}

@Override
public void deleteAll() {
jdbcTemplate.update(DELETE_ALL_QUERY);

}

@Override
public List<CoinPriceHistory> findAll() {
return jdbcTemplate.query(FIND_ALL_QUERY, new
CoinPriceHistoryRowMapper());

}

@Override
public CoinPriceHistory findByld(long id) {
return jdbcTemplate.queryForObject(FIND_BY_ID_QUERY, new
CoinPriceHistoryRowMapper(), id);

}

@Override
public List<CoinPriceHistory> findByCoinPairld(int coinPairld) {
return jdbcTemplate.query(FIND_BY_COIN_PAIR_ID_QUERY, new
CoinPriceHistoryRowMapper(), coinPairld);

}

@Override
public void update(CoinPriceHistory updatedCoinPriceHistory) {
jdbcTemplate.update(UPDATE_QUERY,

updatedCoinPriceHistory.getOpen(),
updatedCoinPriceHistory.getHigh(),
updatedCoinPriceHistory.getLow(),
updatedCoinPriceHistory.getClose(),
updatedCoinPriceHistory.getVolume(),
updatedCoinPriceHistory.getNumberOfTrades(),
updatedCoinPriceHistory.getCandleTimeOpen(),

updatedCoinPriceHistory.getCoinPairld(),
updatedCoinPriceHistory.getExchangeld(),
updatedCoinPriceHistory.getCandleTimeClose(),
updatedCoinPriceHistory.getCandleType());

¥

@Override
public Optional<Long> findLastHistoryLoadedDate(int exchangeld, int coinPairld,
String interval) {
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return
Optional.ofNullable(jdbcTemplate.queryForObject(FIND_LAST_LOADED_HISTORY _
DATE, Long.class, exchangeld, coinPairld, interval));

}

@Override
public CoinPriceHistory findByExchangeld(int exchangeld) {
return jdbcTemplate.queryForObject(FIND_BY_EXCHANGE_ID_QUERY, new
CoinPriceHistoryRowMapper(), exchangeld);

}

@Override
public List<String> findAllCandleTypes(int coinPairld, int exchangeld){
return
jdbcTemplate.queryForList(FIND_ALL_CANDLE_TYPES_IN_DATABASE,
String.class, coinPairld, exchangeld);

}

@Override
public List<CoinPriceHistory> findLastCalculatedValues(int exchangeld, int
coinPairld, String interval, Indicator indicator, int period, long limit) {
return jdbcTemplate.query(FIND _LAST CALCULATED_ HISTORIES QUERY,
new CoinPriceHistoryRowMapper(), exchangeld, coinPairld, interval, indicator.name(),
period, limit);

}

@Override
public List<CoinPriceHistory> findUnCalculatedCoinPriceHistories(int exchangeld, int
coinPairld, Interval interval, Indicator indicator, int period, long limit) {
return
jdbcTemplate.query(FIND_ALL_UN_CALCULATED_COIN_PRICE_HISTORIES_QU
ERY,
new CoinPriceHistoryRowMapper(), exchangeld, coinPairld, interval.getType(),
indicator.name(), period,
exchangeld, coinPairld, interval.getType(), limit);
}

@Override
public List<CoinPriceHistory>
findHistoryByExchangeCoinPairIntervalClose TimeLimit(int exchangeld, int coinPairld,
String interval, long closeTime, long limit) {
return
jdbcTemplate.query(FIND_BY_EXCHANGE_COIN_PAIR_INTERVAL_QUERY, new
CoinPriceHistoryRowMapper(), exchangeld, coinPairld, interval, closeTime, limit);

}
@Override
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public List<CoinPriceHistory> findPreviousData(int exchangeld, int coinPairld, String
interval, String indicatorType, long closeTime, int period, int limit) {
return jdbcTemplate.query(FIND_PREVIOUS DATA, new
CoinPriceHistoryRowMapper(), exchangeld, coinPairld, interval, indicatorType,
closeTime, period, limit);

}

@Override
public Optional<Long> findLastDate(int exchangeld, int coinPairld, String interval,
String indicatorType, int period) {
return Optional.ofNullable(jdbcTemplate.queryForObject(FIND_LAST _DATE,
Long.class, exchangeld, coinPairld, interval, indicatorType, period));

¥
¥

package com.dkostin.cryptos.loader.db.dao.impl;

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.jdbc.core.JdbcTemplate;
import org.springframework.stereotype.Repository;

import com.dkostin.cryptos.loader.db.dao.CoinsByExchangeDao;

@Repository
public class CoinsByExchangeDaolmpl implements CoinsByExchangeDao {

private final JdbcTemplate jdbcTemplate;

private final String SAVE_QUERY = "INSERT INTO coins_by exchange
(coins_pair_id,exchange_id, p2p_supported) VALUES (?2,?,?)";

private final String DELETE_ALL_QUERY ="DELETE FROM coins_by_exchange";

private final String DELETE_QUERY = "DELETE FROM coins_by_exchange
WHERE coins_pair_id=? AND exchange_id=? AND p2p_supported="?";

@Autowired
public CoinsByExchangeDaolmpl(JdbcTemplate jdbcTemplate) {
this.jdbcTemplate = jdbcTemplate;

}

@Override
public int save(int coinPairld, int exchangeld, boolean p2pSupport) {
return jdbcTemplate.update(SAVE_QUERY, coinPairld, exchangeld, p2pSupport);

¥

@Override
public void deleteByld(int coin_pair_id, int exchange_id, boolean p2pSupported) {
jdbcTemplate.update(DELETE_QUERY, coin_pair_id, exchange_id, p2pSupported);

}
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@Override
public void deleteAll() {
jdbcTemplate.update(DELETE_ALL_QUERY);

¥
¥

package com.dkostin.cryptos.loader.db.dao.impl;

import org.springframework.beans.factory.annotation. Autowired;
import org.springframework.jdbc.core.JdbcTemplate;
import org.springframework.stereotype.Repository;

import java.util.List;

import com.dkostin.cryptos.loader.db.dao.ExchangeDao;
import com.dkostin.cryptos.loader.db.rowmapper.ExchangeRowMapper;
import com.dkostin.cryptos.loader.domain.Exchange;

@Repository
public class ExchangeDaolmpl implements ExchangeDao {

private final String SAVE_QUERY = "INSERT INTO exchange (id,exchange_name,
active) VALUES (?,2,7)";

private final String UPDATE_QUERY = "UPDATE exchange SET exchange_name=?,
active=? WHERE id=?";

private final String FIND_ALL_QUERY ="SELECT * FROM exchange";

private final String FIND_BY _ID_QUERY ="SELECT * FROM exchange WHERE
id=2";

private final String FIND_BY_NAME_QUERY ="SELECT * FROM exchange
WHERE exchange_name=?";

private final String DELETE_QUERY = "DELETE FROM exchange WHERE id="?";

private final String DELETE_ALL_QUERY ="DELETE FROM exchange";

private final JdbcTemplate jdbcTemplate;

@Autowired

public ExchangeDaolmpl(JdbcTemplate jdbcTemplate) {
this.jdbcTemplate = jdbcTemplate;

}

@Override
public Exchange save(Exchange exchange) {
int index = findAll().size() + 1;
jdbcTemplate.update(SAVE_QUERY, index, exchange.getExchangeName(),
exchange.getActive());
return exchange;



}

@Override
public List<Exchange> findAll() {
return jdbcTemplate.query(FIND_ALL_QUERY, new ExchangeRowMapper());

}

@Override
public Exchange findByld(int id) {
return jdbcTemplate.queryForObject(FIND_BY_ID_QUERY, new
ExchangeRowMapper(), id);

}

@Override
public void deleteByld(int id) {
jdbcTemplate.update(DELETE_QUERY, id);

}

@Override
public void deleteAll() {
jdbcTemplate.update(DELETE_ALL_QUERY);

}

@Override
public void update(Exchange updatedExchange) {
jdbcTemplate.update(UPDATE_QUERY, updatedExchange.getExchangeName(),
updatedExchange.getActive(), updatedExchange.getld());

}

@Override
public Exchange findByName(String exchangeName) {
return jdbcTemplate.queryForObject(FIND_BY_NAME_QUERY, new
ExchangeRowMapper(), exchangeName);

¥
¥

package com.dkostin.cryptos.loader.db.dao.impl;

import org.springframework.beans.factory.annotation. Autowired,;
import org.springframework.jdbc.core.BatchPreparedStatementSetter;
import org.springframework.jdbc.core.JdbcTemplate;

import org.springframework.jdbc.support.GeneratedKeyHolder;
import org.springframework.jdbc.support.KeyHolder;

import org.springframework.stereotype.Repository;

import java.sgl.PreparedStatement;
import java.sql.SQLException;
import java.sgl.Statement;

import java.util.List;

99
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import java.util.Objects;
import java.util.Optional;

import com.dkostin.cryptos.loader.db.dao.ExchangelndicatorDao;

import com.dkostin.cryptos.loader.db.rowmapper.ExchangelndicatorRowMapper;
import com.dkostin.cryptos.loader.domain.Exchangelndicator;

import com.dkostin.cryptos.loader.domain.Indicator;

@Repository
public class ExchangelndicatorDaolmpl implements ExchangelndicatorDao {

private static final String SAVE_QUERY = "INSERT INTO exchange_indicator " +
"(calculated_value, coin_price_history_id, indicator_type, period) " +
"WALUES (?,?,?, )",

private static final String FIND_ALL_QUERY ="SELECT * FROM
exchange_indicator";

private static final String FIND_BY_COIN_PRICE_HISTORY_ID_QUERY =
"SELECT * FROM exchange_indicator WHERE id = ?";

private final String FIND_LAST _INDICATOR ="SELECT *" +

"FROM exchange_indicator " +

"INNER JOIN coin_price_history ON
coin_price_history.id=exchange_indicator.coin_price_history id " +

"WHERE coin_price_history.exchange_id = ? AND
coin_price_history.coin_pair_id = ? AND coin_price_history.candle_type =? AND
indicator_type =? AND period =?" +

"ORDER BY coin_price_history.candle_time_close DESC " +

"LIMIT 2" ;

private final String FIND_ALL_LAST_INDICATORS ="SELECT * FROM

exchange_indicator " +

"JOIN \n" +

"(SELECT MAX(exchange_indicator.id), exchange_id, coin_pair_id from
exchange_indicator " +

"JOIN coin_price_history ON exchange_indicator.coin_price_history_id =
coin_price_history.id " +

"WHERE indicator_type =?" +

"GROUP BY exchange_id, coin_pair_id, candle_type) AS max_ids ON
exchange_indicator.id = max_ids.max";

private static final String DELETE_ALL _QUERY ="DELETE FROM
exchange_indicator";

private final JdbcTemplate jdbcTemplate;
@Autowired

public ExchangelndicatorDaolmpl(JdbcTemplate jdbcTemplate) {
this.jdbcTemplate = jdbcTemplate;
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}

@Override

public Exchangelndicator save(Exchangelndicator exchangelndicator) {
KeyHolder keyHolder = new GeneratedKeyHolder();
jdbcTemplate.update(connection -> {
PreparedStatement preparedStatement =
connection.prepareStatement(SAVE_QUERY,
Statement.RETURN_GENERATED_KEYS):;

setPreparedStatement(exchangelndicator, preparedStatement);

return preparedStatement;
}, keyHolder);

exchangelndicator.setld(Objects.requireNonNull(keyHolder.getKey()).longValue());
return exchangelndicator;

}

@Override
public List<Exchangelndicator> saveAll(List<Exchangelndicator> exchangelndicators)

{
jdbcTemplate.batchUpdate(SAVE_QUERY, new BatchPreparedStatementSetter() {

@Override
public void setValues(PreparedStatement preparedStatement, int i) throws
SQLException {
Exchangelndicator exchangelndicator = exchangelndicators.get(i);
setPreparedStatement(exchangelndicator, preparedStatement);

}

@Override
public int getBatchSize() {
return exchangelndicators.size();

}
H

return exchangelndicators;

}

@Override
public List<Exchangelndicator> findAll() {

return jdbcTemplate.query(FIND_ALL_QUERY, new
ExchangelndicatorRowMapper());

¥

@Override
public Optional<Exchangelndicator> findByld(Long id) {
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return
Optional.ofNullable(jdbcTemplate.queryForObject(FIND_BY_COIN_PRICE_HISTORY
_ID_QUERY,
new ExchangelndicatorRowMapper(), id));
}

@Override
public List<Exchangelndicator> findLastCalculatedIndicators(Integer exchangeld,
Integer coinPairld, String candle_type, Indicator indicator, int period, int limit) {
List<Exchangelndicator> lastCalculatedIndicators = jdbcTemplate.query(
FIND_LAST_INDICATOR, new ExchangelndicatorRowMapper(), exchangeld,
coinPairld, candle_type, indicator.name(), period, limit);
return lastCalculatedIndicators;
}

@Override
public List<Exchangelndicator> findAllLastCalculatedIndicators(Indicator
indicator_type) {

List<Exchangelndicator> lastCalculatedindicators = jdbcTemplate.query(
FIND_ALL_LAST_INDICATORS, new ExchangelndicatorRowMapper(),
indicator_type.name());

return lastCalculatedIndicators;

}

@Override

public void deleteAll() {
jdbcTemplate.update(DELETE_ALL_QUERY);

}

private void setPreparedStatement(Exchangelndicator exchangelndicator,
PreparedStatement preparedStatement)
throws SQLException {
preparedStatement.setBigDecimal(1, exchangelndicator.getCalculatedValue());
preparedStatement.setLong(2, exchangelndicator.getCoinPriceHistoryld());
preparedStatement.setString(3, exchangelndicator.getindicator().toString());
preparedStatement.setint(4, exchangelndicator.getPeriod());

}

package com.dkostin.cryptos.loader.domain;

import lombok.AllArgsConstructor;
import lombok.Data;
import lombok.NoArgsConstructor;

@Data
@AIlIArgsConstructor
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@NoArgsConstructor
public class CoinPair {

private Integer Id;
private String baseCoin;
private String quoteCoin;
private Boolean active;
¥
package com.dkostin.cryptos.loader.domain;
import lombok.AllArgsConstructor;
import lombok.Data;
import lombok.NoArgsConstructor;
import java.math.BigDecimal;
@Data
@AlIArgsConstructor
@NoArgsConstructor
public class CoinPriceHistory {
private Long id,;
private Integer coinPairld;
private BigDecimal open;
private BigDecimal high;
private BigDecimal low;
private BigDecimal close;
private BigDecimal volume;
private Long numberOfTrades;
private Long candleTimeOpen;
private Long candleTimeClose;

private String candleType;

private Integer exchangeld;



package com.dkostin.cryptos.loader.domain;

import lombok.AllArgsConstructor;
import lombok.Data;
import lombok.NoArgsConstructor;

@Data

@NoArgsConstructor
@AIlArgsConstructor

public class CoinsByExchange {

private Integer coinsPairld,;
private Integer exchangeld;

}

package com.dkostin.cryptos.loader.domain;
import lombok.Getter;
@Getter
public enum Deal Type {
BUY(0), SELL(1);
private int dbValue;

DealType(int dbValue) {
this.dbValue = dbValue;
}

}

package com.dkostin.cryptos.loader.domain;
import lombok.AllArgsConstructor;
import lombok.Data;
import lombok.NoArgsConstructor;
@Data
@AIlArgsConstructor
@NoArgsConstructor
public class Exchange {
private Integer id;
private String exchangeName;

private Boolean active;

104
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package com.dkostin.cryptos.loader.domain;

import lombok.AllArgsConstructor;
import lombok.Data;

import lombok.EqualsAndHashCode;
import lombok.NoArgsConstructor;

import java.math.BigDecimal;

@Data

@AIllArgsConstructor

@NoArgsConstructor

public class Exchangelndicator {
@EqualsAndHashCode.Exclude
private Long id,;
private BigDecimal calculatedValue;
private Long coinPriceHistoryld;
private Indicator indicator;
private Integer period;

package com.dkostin.cryptos.loader.indicator.config;

import lombok.Data;

import org.springframework.boot.context.properties.ConfigurationProperties;
import org.springframework.context.annotation.Configuration;

import org.springframework.context.annotation.PropertySource;

@Data
@Configuration
@PropertySource(“classpath:indicator.properties™)
@ConfigurationProperties(prefix = "period™)
public class PeriodConfiguration {

/ to do update to Map<Name, Integer>

private Integer sma;
private Integer ema;
private Integer mfi;
private Integer ao;
private Integer so;

package com.dkostin.cryptos.loader.indicator.service.impl;
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import org.springframework.beans.factory.annotation. Autowired,;
import org.springframework.stereotype.Service;

import java.math.BigDecimal;
import java.util.ArrayList;

import java.util. Comparator;
import java.util.Iterator;

import java.util.List;

import java.util.stream.Collectors;

import com.dkostin.cryptos.loader.domain.CoinPriceHistory;

import com.dkostin.cryptos.loader.domain.Exchangelndicator;

import com.dkostin.cryptos.loader.domain.Indicator;

import com.dkostin.cryptos.loader.domain.Interval;

import com.dkostin.cryptos.loader.indicator.config.PeriodConfiguration;

import com.dkostin.cryptos.loader.indicator.service.IndicatorCalculationService;
import com.dkostin.cryptos.loader.service.CoinPriceHistoryService;

@Service
public class CalculateAroonOscillatorimpl implements IndicatorCalculationService {

private CoinPriceHistoryService coinPriceHistoryService;
private PeriodConfiguration periodConfiguration;

@Autowired
public CalculateAroonOscillatorimpl(CoinPriceHistoryService
coinPriceHistoryService, PeriodConfiguration periodConfiguration) {
this.coinPriceHistoryService = coinPriceHistoryService;
this.periodConfiguration = periodConfiguration;

}

@Override
public List<Exchangelndicator> doCalculate(int idProvider, int coinPairld, Interval
interval, long numberOfCalculations) {
long closeTime = 0;
long numberOfCalculationsindicator = 0;
int numberAddedElements = periodConfiguration.getAo() - 1;

closeTime = coinPriceHistoryService.findLastDate(idProvider, coinPairld,
interval.getType(), Indicator.AO.name(), periodConfiguration.getAo());
if(closeTime > 0){
numberOfCalculationsindicator = numberOfCalculations;
}
else{
numberOfCalculationsindicator = numberOfCalculations +
numberAddedElements;

¥
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List<CoinPriceHistory> priceHistoriesPrevious =
coinPriceHistoryService.findPreviousData(idProvider, coinPairld, interval.getType(),
Indicator.AO.name(), closeTime, periodConfiguration.getAo(), numberAddedElements);

List<CoinPriceHistory> priceHistoriesPreviousSorted =
priceHistoriesPrevious.stream()

.sorted(Comparator.comparing(CoinPriceHistory::getCandleTimeClose))
.collect(Collectors.toL.ist());

List<CoinPriceHistory> priceHistoryListNext =
coinPriceHistoryService.findHistoryByExchangeCoinPairIntervalClose TimeLimit(idProvi
der,

coinPairld, interval.getType(), closeTime, numberOfCalculationsindicator);

List<CoinPriceHistory> priceHistoryList = new ArrayList<>();
priceHistoryList.addAll(priceHistoriesPreviousSorted);
priceHistoryList.addAll(priceHistoryListNext);

return doCalculateForindicator(priceHistoryL.ist);

}

public List<Exchangelndicator> doCalculateForIndicator(List<CoinPriceHistory>
priceHistoryList){
List<CoinPriceHistory> priceHistoriesAroonPeriod ;
BigDecimal aroonOsc = BigDecimal.ZERO;
long coinPairHistoryld = OL;
int numlindicators = priceHistoryList.size();
List<Exchangelndicator> exchangelndicators = new ArrayList<>();

for (int i = 0; i < numlndicators; i++) {
priceHistoriesAroonPeriod = priceHistoryL.ist.stream()
Jimit(periodConfiguration.getAo())
.collect(Collectors.toL.ist());

if(priceHistoriesAroonPeriod.size() < periodConfiguration.getAo()){
break;
}
coinPairHistoryld = priceHistoriesAroonPeriod.get(periodConfiguration.getAo() -
1).getld();
aroonOsc = getArronOscillator(priceHistoriesAroonPeriod);
addIndicator(aroonOsc, exchangelndicators, coinPairHistoryld);

intj=0;
Iterator<CoinPriceHistory> iteratorCoinPriceHistory = priceHistoryList.iterator();
while (iteratorCoinPriceHistory.hasNext()) {

iteratorCoinPriceHistory.next();

iteratorCoinPriceHistory.remove();

j++;

if(j == 1){



break;

}

return exchangelndicators;

}

public void addIndicator(BigDecimal aroonOsc, List<Exchangelndicator>

exchangelndicators, long coinPairHistoryld){

Exchangelndicator exchangelndicator = new Exchangelndicator();

exchangelndicator.setindicator(Indicator.AO);

exchangelndicator.setCalculatedValue(aroonOsc);

exchangelndicator.setCoinPriceHistoryld(coinPairHistoryld);

exchangelndicator.setPeriod(periodConfiguration.getAo());

exchangelndicators.add(exchangelndicator);

}

public BigDecimal getMaxPeriodHigh(List<CoinPriceHistory> priceHistories25){
inti=0;
int periodHigh = 0;

CoinPriceHistory coinPriceHistoryMaxHigh = priceHistories25.stream()
.max(Comparator.comparing(CoinPriceHistory::getHigh)).get();

for (CoinPriceHistory coinPriceHistory : priceHistories25) {
if(coinPriceHistory.equals(coinPriceHistoryMaxHigh)){
periodHigh =1;
break;
}

i++;
¥

int periodSince= (priceHistories25.size() - 1) - periodHigh;
return BigDecimal.valueOf(((periodConfiguration.getAo() - periodSince) * 1.0 /
periodConfiguration.getAo()) * 100);

}

public BigDecimal getMinPeriodLow(List<CoinPriceHistory> priceHistories25){
inti=0;
int periodLow = 0;

CoinPriceHistory coinPriceHistoryMinLow = priceHistories25.stream()
.min(Comparator.comparing(CoinPriceHistory::getLow)).get();

for (CoinPriceHistory coinPriceHistory : priceHistories25) {
if(coinPriceHistory.equals(coinPriceHistoryMinLow)){
periodLow = i;

108



break;
i++;
}

int periodSince = (priceHistories25.size() - 1) - periodLow;
return BigDecimal.valueOf(((periodConfiguration.getAo() - periodSince) * 1.0 /
periodConfiguration.getAo()) * 100);

}

public BigDecimal getArronOscillator(List<CoinPriceHistory> priceHistories25) {

BigDecimal aroonUp = getMaxPeriodHigh(priceHistories25);
BigDecimal aroonDown = getMinPeriodLow(priceHistories25);

return aroonUp.subtract(aroonDown);

package com.dkostin.cryptos.loader.indicator.service.impl;

import lombok.extern.sIf4).SIf4j;
import org.springframework.beans.factory.annotation. Autowired,;
import org.springframework.stereotype.Service;

import javax.annotation.PostConstruct;
import java.math.BigDecimal;

import java.math.RoundingMode;
import java.util.*;

import com.dkostin.cryptos.loader.domain.CoinPriceHistory;

import com.dkostin.cryptos.loader.domain.Exchangelndicator;

import com.dkostin.cryptos.loader.domain.Indicator;

import com.dkostin.cryptos.loader.domain.Interval;

import com.dkostin.cryptos.loader.indicator.config.PeriodConfiguration;
import com.dkostin.cryptos.loader.indicator.service.IndicatorCalculationService;
import com.dkostin.cryptos.loader.indicator.service.StatableCalculationService;
import com.dkostin.cryptos.loader.service.CoinPairService;

import com.dkostin.cryptos.loader.service.CoinPriceHistoryService;

import com.dkostin.cryptos.loader.service.ExchangelndicatorService;

import com.dkostin.cryptos.loader.service.ExchangeService;

@Service

@SlIf4j

public class ExponentialMovingAveragelndicator implements
IndicatorCalculationService, StatableCalculationService {
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private final PeriodConfiguration periodConfiguration;

private final ExchangelndicatorService exchangelndicatorService;
private final CoinPriceHistoryService coinPriceHistoryService;
private final ExchangeService exchangeService;

private final CoinPairService coinPairService;

private Map<Integer, Map<Integer, Map<String, BigDecimal>>> indicatorState;

@Autowired
public ExponentialMovingAveragelndicator(PeriodConfiguration periodConfiguration,
CoinPriceHistoryService coinPriceHistoryService,
ExchangeService exchangeService, CoinPairService
coinPairService,
ExchangelndicatorService exchangelndicatorService) {
this.periodConfiguration = periodConfiguration;
this.coinPriceHistoryService = coinPriceHistoryService;
this.exchangeService = exchangeService;
this.coinPairService = coinPairService;
this.exchangelndicatorService = exchangelndicatorService;

}

@PostConstruct
private void init() {
initState();

}

@Override

public void initState() {
indicatorState = new HashMap<>();
loadState();

}

@Override
public List<Exchangelndicator> doCalculate(int providerld, int coinPairld, Interval
interval, long limit) {

List<CoinPriceHistory> coinPriceHistoriesForCalculations =
coinPriceHistoryService.findUnCalculatedCoinPriceHistories( providerld, coinPairld,
interval, Indicator.EMA, periodConfiguration.getEma(), limit);

return calculatelnList( coinPriceHistoriesForCalculations );

}

private List<Exchangelndicator> calculatelnList(List<CoinPriceHistory>
inputCoinsPriceHistories) {
List<Exchangelndicator> exchangelndicators = new ArrayList<>();

final int period = periodConfiguration.getEma();
BigDecimal smoothingFactor = new BigDecimal( 2.0/ (1.0 + period) );
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for (int i = 0; i < inputCoinsPriceHistories.size(); i++) {
CoinPriceHistory history = inputCoinsPriceHistories.get( i );
BigDecimal lastCalculatedindicatorValue = getState( history.getExchangeld(),
history.getCoinPairld(), history.getCandleType() );
Exchangelndicator currentindicator;

if (lastCalculatedIndicatorValue.equals( new BigDecimal( 0" ) )) {
currentIndicator = new Exchangelndicator();
currentIndicator.setCoinPriceHistoryld(inputCoinsPriceHistories.get( i
).getld());
currentindicator.setindicator(Indicator.EMA);
currentIndicator.setPeriod(period);
currentindicator.setCalculatedValue( inputCoinsPriceHistories.get( i
).getClose().setScale( 8, RoundingMode.HALF_UP ) );
}else {
currentIndicator = calculateIndicator( lastCalculatedIndicatorValue, history,
smoothingFactor, period );

setState( history.getExchangeld(), history.getCoinPairld(),
history.getCandleType(), currentindicator.getCalculatedValue() );
exchangelndicators.add( currentindicator );

}

return exchangelndicators;

}

private Exchangelndicator calculateIndicator(BigDecimal lastCalculatedIndicatorValue,
CoinPriceHistory currentCoinPriceHistory, BigDecimal smoothingFactor, int period) {

Exchangelndicator indicator = new Exchangelndicator();
indicator.setCoinPriceHistoryld(currentCoinPriceHistory.getld());
indicator.setIndicator(Indicator. EMA);
indicator.setPeriod(period);

double calValue = (currentCoinPriceHistory.getClose().doubleValue() *
smoothingFactor.doubleValue()) + (lastCalculatedindicatorValue.doubleValue()*(1-
smoothingFactor.doubleValue()));

indicator.setCalculatedValue( new BigDecimal( calValue ).setScale( 8,
RoundingMode.HALF_UP ) );

return indicator;

¥

private BigDecimal getState(int providerld, int coinPairld, String interval) {
if (indicatorState.containsKey(providerld)) {
Map<Integer, Map<String, BigDecimal>> exchangeCoinPairMap =
indicatorState.get(providerld);

if (exchangeCoinPairMap.containsKey(coinPairld)) {
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Map<String, BigDecimal> candleTypeValueMap =
exchangeCoinPairMap.get(coinPairld);

if (candleTypeValueMap.containsKey(interval)) {
return candleTypeValueMap.get(interval);
}

¥
¥

return new BigDecimal( "0");

}

private void setState(int providerld, int coinPairld, String interval, BigDecimal
newValue) {
if (indicatorState.containsKey( providerld )) {
Map<Integer, Map<String, BigDecimal>> exchangeCoinPairMap =
indicatorState.get( providerld );
if(exchangeCoinPairMap.containsKey( coinPairld )) {
Map<String, BigDecimal> candleTypeValueMap = exchangeCoinPairMap.get(
coinPairld );
candleTypeValueMap.put( interval, newValue );
}
else {
Map<String, BigDecimal> candleTypeValueMap = new HashMap<>();
candleTypeValueMap.put( interval, newValue );
exchangeCoinPairMap.put( coinPairld, candleTypeValueMap );

¥
¥

else {
Map<Integer, Map<String, BigDecimal>> exchangeCoinPairMap = new
HashMap<>();
Map<String, BigDecimal> candleTypeValueMap = new HashMap<>();
candleTypeValueMap.put( interval, newValue );
exchangeCoinPairMap.put( coinPairld, candleTypeValueMap );
indicatorState.put( providerld, exchangeCoinPairMap );

¥
¥

private void loadState() {
exchangeService.findAll().forEach(
exchange -> {
indicatorState.put(exchange.getld(), new HashMap<>());

coinPairService.getActiveCoinPairsByExchange(exchange.getld(),
false).forEach(
coinPair -> {
indicatorState.get(exchange.getld()).put(coinPair.getld(), new
HashMap<>());
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coinPriceHistoryService.findAllCandleTypes(coinPair.getld(),
exchange.getld()).forEach(
candleType -> {
log.info( "EMA indicator is loading start state now. Exchange
{}, CoinPair {}, CandleType {}", exchange.getld(), coinPair.getld(), candleType);
List<Exchangelndicator> lastCalculatedIndicators =
exchangelndicatorService.findLastCalculatedIndicators(
exchange.getld(),
coinPair.getld(),
candleType,
Indicator.EMA,
periodConfiguration.getEma(),
1);

if (lastCalculatedIndicators.isEmpty()) {
indicatorState.get( exchange.getld() ).get( coinPair.getld()
).put( candleType, new BigDecimal( 0" ));
}else {
indicatorState.get( exchange.getld() ).get( coinPair.getld()
).put( candleType, lastCalculatedIndicators.get( 0 ).getCalculatedValue());

}
H;

package com.dkostin.cryptos.loader.indicator.service.impl;

import lombok.extern.sIf4).SIf4;;
import org.springframework.beans.factory.annotation. Autowired;
import org.springframework.stereotype.Service;

import javax.annotation.PostConstruct;
import java.math.BigDecimal,

import java.util.*;

import java.util.stream.Collectors;
import java.util.stream.Stream;

import com.dkostin.cryptos.loader.domain.CoinPriceHistory;

import com.dkostin.cryptos.loader.domain.Exchangelndicator;

import com.dkostin.cryptos.loader.domain.Indicator;

import com.dkostin.cryptos.loader.domain.Interval,

import com.dkostin.cryptos.loader.indicator.config.PeriodConfiguration;
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import com.dkostin.cryptos.loader.indicator.service.IndicatorCalculationService;
import com.dkostin.cryptos.loader.indicator.service.StatableCalculationService;
import com.dkostin.cryptos.loader.service.CoinPairService;

import com.dkostin.cryptos.loader.service.CoinPriceHistoryService;

import com.dkostin.cryptos.loader.service.ExchangeService;

@Service

@SIf4j

public class MoneyFlowlIndexCalculationService implements
IndicatorCalculationService, StatableCalculationService {

private Map<Integer, Map<Integer, Map<String, List<CoinPriceHistory>>>>
indicatorState;

private final PeriodConfiguration periodConfiguration;

private final CoinPriceHistoryService coinPriceHistoryService;
private final ExchangeService exchangeService;
private final CoinPairService coinPairService;

@Autowired
public MoneyFlowIndexCalculationService(PeriodConfiguration periodConfiguration,
CoinPriceHistoryService coinPriceHistoryService,
ExchangeService exchangeService, CoinPairService
coinPairService) {
this.periodConfiguration = periodConfiguration;
this.coinPriceHistoryService = coinPriceHistoryService;
this.exchangeService = exchangeService;
this.coinPairService = coinPairService;

}

@PostConstruct
private void init() {
initState();

}

@Override
public List<Exchangelndicator> doCalculate(int providerld, int coinPairld,
Interval interval, long numberOfCalculations) {
log.info("Calculating mfi");
List<Exchangelndicator> results = new ArrayList<>();

LinkedList<CoinPriceHistory> state = new LinkedList<>(getState(providerld,
coinPairld, interval));

List<CoinPriceHistory> coinPriceHistoriesToCalculate = coinPriceHistoryService
findUnCalculatedCoinPriceHistories(providerld, coinPairld, interval,
Indicator.MFI, periodConfiguration.getMfi(), numberOfCalculations);
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coinPriceHistoriesToCalculate.forEach(
coinPriceHistory -> {
if (state.size() == periodConfiguration.getMfi()) {
results.add(calculateOnePeriod(
Stream.concat(state.stream(),
Stream.of(coinPriceHistory)).collect(Collectors.toL.ist())
);
state.removeFirst();

}

state.addLast(coinPriceHistory);

}
);

indicatorState.putlfAbsent(providerld, new HashMap<>());
indicatorState.get(providerld).putlfAbsent(coinPairld, new HashMap<>());
indicatorState.get(providerld).get(coinPairld).put(interval.getType(), state);

return results;

}

@Override

public void initState() {
indicatorState = new HashMap<>();
loadState();

}

private List<CoinPriceHistory> getState(int providerld, int coinPairld, Interval interval)

if (indicatorState.containsKey(providerld)) {

Map<Integer, Map<String, List<CoinPriceHistory>>> exchangeCoinPairMap =
indicatorState.get(providerld);

if (exchangeCoinPairMap.containsKey(coinPairld)) {

Map<String, List<CoinPriceHistory>> candleTypeValueMap =
exchangeCoinPairMap.get(coinPairld);

if (candleTypeValueMap.containsKey(interval.getType())) {
return candleTypeValueMap.get(interval.getType());
¥
}
¥

return new ArrayList<>();

}

private Exchangelndicator calculateOnePeriod(List<CoinPriceHistory> calculationList)

{
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BigDecimal positiveFlow = new BigDecimal(*0");
BigDecimal negativeFlow = new BigDecimal("0");

BigDecimal lastFlow = null;

for (CoinPriceHistory coinPriceHistory : calculationList) {
BigDecimal currentFlow = calculateRawMoneyFlow(coinPriceHistory);

if (lastFlow !'=null) {
if (currentFlow.compareTo(lastFlow) < 0) {
negativeFlow = negativeFlow.add(currentFlow);
} else if (currentFlow.compareTo(lastFlow) > 0) {
positiveFlow = positiveFlow.add(currentFlow);

¥
¥

lastFlow = currentFlow;

}

Exchangelndicator exchangelndicator = new Exchangelndicator();

exchangelndicator.setindicator(Indicator.MFI);

exchangelndicator.setCoinPriceHistoryld(calculationList.get(calculationList.size() -
1).getld());

exchangelndicator.setPeriod(periodConfiguration.getMfi());

exchangelndicator.setCalculatedValue(negativeFlow.compareTo(BigDecimal.ZERO)
=07

calculateOnePeriodMoneyFlowIndex(positiveFlow, negativeFlow) :

BigDecimal.ZERO);

return exchangelndicator;

}

private BigDecimal calculateRawMoneyFlow(CoinPriceHistory coinPriceHistory) {
return coinPriceHistory.getVVolume().multiply(

coinPriceHistory.getHigh().add(coinPriceHistory.getLow()).add(coinPriceHistory.getClos

e())
.divide(BigDecimal.valueOf(3), 4, BigDecimal. ROUND_CEILING)
);
¥

private BigDecimal calculateOnePeriodMoneyFlowIndex(BigDecimal positiveFlow,
BigDecimal negativeFlow) {
BigDecimal oneHundred = new BigDecimal(*"100");
return oneHundred.subtract(
oneHundred.divide(
BigDecimal.ONE.add(
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positiveFlow.divide(negativeFlow, 4,
BigDecimal. ROUND_CEILING)
), 4, BigDecimal.ROUND_CEILING
)

);
}

private void loadState() {
exchangeService.findAll().forEach(
exchange -> {
indicatorState.put(exchange.getld(), new HashMap<>());

coinPairService.getActiveCoinPairsByExchange(exchange.getld(),
false).forEach(
coinPair -> {
indicatorState.get(exchange.getld()).put(coinPair.getld(), new
HashMap<>());

coinPriceHistoryService
findAllCandleTypes(coinPair.getld(), exchange.getld()).forEach(
candleType -> {
List<CoinPriceHistory> state =
coinPriceHistoryService.
findLastCalculatedValues(exchange.getld(),

coinPair.getld(), candleType,
Indicator.MFl,
periodConfiguration.getMfi(),
periodConfiguration.getMfi());

Collections.reverse(state);
indicatorState.get(exchange.getld()).get(coinPair.getld()).put(
candleType, state);
log.info("MFI state loading, exchange: " +
"{}, coin pair: {}-{}, candle type {}",
exchange.getExchangeName(), coinPair.getBaseCoin(),
coinPair.getQuoteCoin(), candleType);

package com.dkostin.cryptos.loader.indicator.service.impl;

import lombok.extern.sIf4).SIf4j;



import org.springframework.beans.factory.annotation. Autowired,;
import org.springframework.stereotype.Service;

import javax.annotation.PostConstruct;
import java.math.BigDecimal;

import java.math.RoundingMode;
import java.util.*;

import com.dkostin.cryptos.loader.domain.CoinPriceHistory;

import com.dkostin.cryptos.loader.domain.Exchangelndicator;

import com.dkostin.cryptos.loader.domain.Indicator;

import com.dkostin.cryptos.loader.domain.Interval;

import com.dkostin.cryptos.loader.indicator.service.IndicatorCalculationService;
import com.dkostin.cryptos.loader.indicator.service.StatableCalculationService;
import com.dkostin.cryptos.loader.service.CoinPairService;

import com.dkostin.cryptos.loader.service.CoinPriceHistoryService;

import com.dkostin.cryptos.loader.service.ExchangelndicatorService;

import com.dkostin.cryptos.loader.service.ExchangeService;

@Service

@Slf4j

public class OnBalanceVolumelndicatorCalculationService implements
IndicatorCalculationService, StatableCalculationService {

private Map<Integer, Map<Integer, Map<String, BigDecimal>>> indicatorState;
private Map<Integer, Map<Integer, Map<String, CoinPriceHistory>>>
coinPriceHistoryState;

private final CoinPriceHistoryService coinPriceHistoryService;
private final ExchangeService exchangeService;

private final CoinPairService coinPairService;

private final ExchangelndicatorService exchangelndicatorService;

@Autowired
public OnBalanceVVolumelndicatorCalculationService (CoinPriceHistoryService
coinPriceHistoryService, ExchangeService exchangeService, CoinPairService
coinPairService, ExchangelndicatorService exchangelndicatorService) {
this.coinPriceHistoryService = coinPriceHistoryService;
this.exchangeService = exchangeService;
this.coinPairService = coinPairService;
this.exchangelndicatorService = exchangelndicatorService;

¥

@PostConstruct
private void init() {
initState();

}
@Override

118
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public void initState() {
indicatorState = new HashMap<>();
coinPriceHistoryState = new HashMap<>();
loadState();

}

@Override
public List<Exchangelndicator> doCalculate(int providerld, int coinPairld, Interval
interval, long numberOfCalculations) {
BigDecimal statelndicatorValue = getStateFromIndicators(providerld, coinPairld,
interval);
CoinPriceHistory stateCoinPriceHistory = getStateFromCoinPriceHistory(
providerld, coinPairld, interval );

List<CoinPriceHistory> coinPriceHistoriesForCalculations =
coinPriceHistoryService.findUnCalculatedCoinPriceHistories( providerld, coinPairld,
interval, Indicator.OBV, 1, numberOfCalculations);

return calculatelnList( coinPriceHistoriesForCalculations, statelndicatorValue,
stateCoinPriceHistory );

}

private List<Exchangelndicator> calculatelnList(List<CoinPriceHistory>
inputCoinsPriceHistories, BigDecimal inputStatelndicatorValue, CoinPriceHistory
inputStateCoinPriceHistory) {
List<Exchangelndicator> results = new LinkedList<>();
BigDecimal statelndicatorVValue = inputStatelndicatorValue;
CoinPriceHistory stateCoinPriceHistory = inputStateCoinPriceHistory;

for (CoinPriceHistory history : inputCoinsPriceHistories) {
Exchangelndicator calculatedIndicator = calculateOnelndicator( history,
statelndicatorValue, stateCoinPriceHistory );
statelndicatorValue = calculatedindicator.getCalculatedValue();
stateCoinPriceHistory = history;

setStateTolndicators( history.getExchangeld(), history.getCoinPairld(),
history.getCandleType(), statelndicatorValue );

setStateToCoinPriceHistory( history.getExchangeld(), history.getCoinPairld(),
history.getCandleType(), history );

results.add( calculatedIndicator );

}

return results;

}

private Exchangelndicator calculateOnelndicator(CoinPriceHistory
currentCoinPriceHistory, BigDecimal lastIndicatorValue, CoinPriceHistory
stateCoinPriceHistory) {
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Exchangelndicator currentindicator = new Exchangelndicator();
currentindicator.setIndicator( Indicator.OBV );
currentIndicator.setCoinPriceHistoryld( currentCoinPriceHistory.getld() );
currentindicator.setPeriod( 1 );

if(stateCoinPriceHistory == null) {
currentindicator.setCalculatedValue( currentCoinPriceHistory.getVolume()
.setScale( 8, RoundingMode.HALF_UP));
¥

else {
if(currentCoinPriceHistory.getClose().doubleValue() >
stateCoinPriceHistory.getClose().doubleValue()) {
currentIndicator.setCalculatedValue( lastindicatorValue.add(
currentCoinPriceHistory.getVolume())
.setScale( 8, RoundingMode.HALF_UP));

else if(currentCoinPriceHistory.getClose().doubleValue() <
stateCoinPriceHistory.getClose().doubleValue()) {
currentIndicator.setCalculatedValue( lastindicatorValue.subtract(
currentCoinPriceHistory.getVolume())
.setScale( 8, RoundingMode.HALF_UP));
}

else {
currentIndicator.setCalculatedValue( lastindicatorValue
.setScale( 8, RoundingMode.HALF_UP));
}

}

return currentIndicator;

}

private BigDecimal getStateFromIndicators(int providerld, int coinPairld, Interval
interval) {
return Optional.ofNullable(indicatorState.get(providerld)).map( e ->
e.get(coinPairld)).map( e -> e.get(interval.getType())).orElse(BigDecimal.ZERO);

}

private void setStateTolndicators(int providerld, int coinPairld, String interval,
BigDecimal newValue) {
if (indicatorState.containsKey( providerld )) {
Map<Integer, Map<String, BigDecimal>> exchangeCoinPairMap =
indicatorState.get( providerld );
if(exchangeCoinPairMap.containsKey( coinPairld )) {
Map<String, BigDecimal> candleTypeValueMap = exchangeCoinPairMap.get(
coinPairld);
candleTypeValueMap.put( interval, newValue );
}
else {
Map<String, BigDecimal> candleTypeValueMap = new HashMap<>();
candleTypeValueMap.put( interval, newValue );
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exchangeCoinPairMap.put( coinPairld, candleTypeValueMap );

¥
¥

else {

Map<Integer, Map<String, BigDecimal>> exchangeCoinPairMap = new
HashMap<>();

Map<String, BigDecimal> candleTypeValueMap = new HashMap<>();
candleTypeValueMap.put( interval, newValue );
exchangeCoinPairMap.put( coinPairld, candleTypeValueMap );
indicatorState.put( providerld, exchangeCoinPairMap );

¥

}

private void loadState() {
exchangeService.findAll().forEach(
exchange -> {
coinPriceHistoryState.put(exchange.getld(), new HashMap<>());
indicatorState.put(exchange.getld(), new HashMap<>());

coinPairService.getActiveCoinPairsByExchange(exchange.getld(),
false).forEach(

coinPair -> {
coinPriceHistoryState.get(exchange.getld()).put(coinPair.getld(), new
HashMap<>());
indicatorState.get(exchange.getld()).put(coinPair.getld(), new
HashMap<>());

coinPriceHistoryService.findAllCandleTypes(coinPair.getld(),
exchange.getld()).forEach(
candleType -> {
loadLastCalculatedIndicators(exchange.getld(),
coinPair.getld(), candleType);

loadLastCoinPriceHistory(exchange.getld(), coinPair.getld(),

H

candleType);

b
} K
}

private void loadLastCalculatedindicators(int exchangeld, int coinPairld, String
candleType) {
log.info( "OBV indicator. CoinPriceHistory is loading start state now. Exchange {},
CoinPair {}, CandleType {}", exchangeld, coinPairld, candleType);

List<CoinPriceHistory> lastCalculatedValues =
coinPriceHistoryService.findLastCalculatedValues( exchangeld,
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coinPairld, candleType,
Indicator.OBV,

1,

1);

if(lastCalculatedValues.isEmpty()) {
coinPriceHistoryState.get(exchangeld).get(coinPairld).put(candleType, null);
}else {
coinPriceHistoryState.get(exchangeld).get(coinPairld).put(candleType,
lastCalculatedValues.get( 0));

¥
¥

private void loadLastCoinPriceHistory(int exchangeld, int coinPairld, String
candleType) {
log.info( "OBV indicator is loading start state now. Exchange {}, CoinPair {},
CandleType {}", exchangeld, coinPairld, candleType);
List<Exchangelndicator> lastCalculatedIndicators =
exchangelndicatorService.findLastCalculatedIndicators(
exchangeld,
coinPairld,
candleType,
Indicator.OBV,
1,
1);

if (lastCalculatedIndicators.isEmpty()) {
indicatorState.get( exchangeld ).get( coinPairld ).put( candleType, new
BigDecimal( "0™));
}else {
indicatorState.get( exchangeld ).get( coinPairld ).put( candleType,
lastCalculatedIndicators.get( 0 ).getCalculatedValue());

¥
¥

private void setStateToCoinPriceHistory(int providerld, int coinPairld, String interval,
CoinPriceHistory newValue) {
if (coinPriceHistoryState.containsKey( providerld )) {
Map<Integer, Map<String, CoinPriceHistory>> exchangeCoinPairMap =
coinPriceHistoryState.get( providerld );
if(exchangeCoinPairMap.containsKey( coinPairld )) {
Map<String, CoinPriceHistory> candleTypeValueMap =
exchangeCoinPairMap.get( coinPairld );
candleTypeValueMap.put( interval, newValue );
}
else {
Map<String, CoinPriceHistory> candleTypeValueMap = new HashMap<>();
candleTypeValueMap.put( interval, newValue );
exchangeCoinPairMap.put( coinPairld, candleTypeValueMap );
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¥
¥

else {
Map<Integer, Map<String, CoinPriceHistory>> exchangeCoinPairMap = new
HashMap<>();
Map<String, CoinPriceHistory> candleTypeValueMap = new HashMap<>();
candleTypeValueMap.put( interval, newValue );
exchangeCoinPairMap.put( coinPairld, candleTypeValueMap );
coinPriceHistoryState.put( providerld, exchangeCoinPairMap );

¥
¥

private CoinPriceHistory getStateFromCoinPriceHistory(int providerld, int coinPairld,
Interval interval) {
return Optional.ofNullable(coinPriceHistoryState.get(providerld)).map( e ->
e.get(coinPairld)).map( e -> e.get(interval.getType())).orElse(null);

¥
¥

package com.dkostin.cryptos.loader.indicator.service.impl;

import com.dkostin.cryptos.loader.domain.CoinPriceHistory;

import com.dkostin.cryptos.loader.domain.Exchangelndicator;

import com.dkostin.cryptos.loader.domain.Indicator;

import com.dkostin.cryptos.loader.domain.Interval;

import com.dkostin.cryptos.loader.indicator.config.PeriodConfiguration;

import com.dkostin.cryptos.loader.indicator.service.IndicatorCalculationService;
import com.dkostin.cryptos.loader.indicator.service.StatableCalculationService;
import com.dkostin.cryptos.loader.service.CoinPairService;

import com.dkostin.cryptos.loader.service.CoinPriceHistoryService;

import com.dkostin.cryptos.loader.service.ExchangelndicatorService;

import com.dkostin.cryptos.loader.service.ExchangeService;

import lombok.extern.sIf4).SIf4;;
import org.springframework.beans.factory.annotation. Autowired;
import org.springframework.stereotype.Service;

import javax.annotation.PostConstruct;
import java.math.BigDecimal;

import java.math.RoundingMode;
import java.util.*;

import java.util.stream.Collectors;
import java.util.stream.Stream;

@Service
@SIf4j
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public class StochasticOscillatorCalculation implements IndicatorCalculationService,
StatableCalculationService {

private Map<Integer, Map<Integer, Map<String, List<CoinPriceHistory>>>>
indicatorState;

private final PeriodConfiguration configuration;

private final ExchangelndicatorService exchangelndicatorService;
private final CoinPriceHistoryService coinPriceHistoryService;
private final ExchangeService exchangeService;

private final CoinPairService coinPairService;

@Autowired
public StochasticOscillatorCalculation(PeriodConfiguration configuration,
CoinPriceHistoryService coinPriceHistoryService,
ExchangeService exchangeService, CoinPairService
coinPairService,
ExchangelndicatorService exchangelndicatorService) {
this.configuration = configuration;
this.coinPriceHistoryService = coinPriceHistoryService;
this.exchangeService = exchangeService;
this.coinPairService = coinPairService;
this.exchangelndicatorService = exchangelndicatorService;

@PostConstruct
private void init() {
initState();

}

@Override

public void initState() {
indicatorState = new HashMap<>();
loadState();

}

@Override
public List<Exchangelndicator> doCalculate(int idProvider, int coinPairld, Interval
interval, long limit) {

List<CoinPriceHistory> coinPriceHistoriesForCalculations =
coinPriceHistoryService.findUnCalculatedCoinPriceHistories( idProvider, coinPairld,
interval, Indicator.SO, configuration.getSo(), limit);

return doCalculateToList(coinPriceHistoriesForCalculations, idProvider, coinPairld,
interval);

}
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private List<Exchangelndicator> doCalculateToL.ist(List<CoinPriceHistory>
inputCoinsPriceHistories, int idProvider, int coinPairld, Interval interval) {
List<Exchangelndicator> exchangelndicatorsFroReturn = new ArrayList<>();

LinkedList<CoinPriceHistory> state = new LinkedList<>(getState(idProvider,
coinPairld, interval));

inputCoinsPriceHistories.forEach(
coinPriceHistory -> {
if ((state.size()+1) == configuration.getSo()) {

exchangelndicatorsFroReturn.add(calculateIndicator(Stream.concat(state.stream(),
Stream.of(coinPriceHistory)).collect(Collectors.toList())));
state.removeFirst();

}
state.addLast(coinPriceHistory);
}
);
return exchangelndicatorsFroReturn;

}

private Exchangelndicator calculateIndicator(List<CoinPriceHistory>
coinPriceHistories) {
int size = coinPriceHistories.size();

Exchangelndicator indicator = new Exchangelndicator();
indicator.setCoinPriceHistoryld(coinPriceHistories.get(size-1).getld());
indicator.setIndicator(Indicator.SO);

indicator.setPeriod(size);

BigDecimal recent =
coinPriceHistories.stream().max(Comparator.comparing(CoinPriceHistory::getCandleTim
eClose)).get().getClose();

BigDecimal max =
coinPriceHistories.stream().max(Comparator.comparing(CoinPriceHistory::getHigh)).get(
)-getHigh();

BigDecimal min =
coinPriceHistories.stream().min(Comparator.comparing(CoinPriceHistory::getLow)).get().
getLow();

BigDecimal so = recent.subtract(min);
BigDecimal fo = max.subtract(min);
if(fo.compareTo(new BigDecimal("0.0001")) <0 ){

indicator.setCalculatedValue(new BigDecimal(**1000000"));
return indicator;

¥
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BigDecimal oo = so.divide(fo, RoundingMode.HALF_UP);
BigDecimal result = oo.multiply( new BigDecimal( "100.0" ) );
indicator.setCalculatedValue(result.setScale( 6, RoundingMode.HALF_UP));

return indicator;

}

private List<CoinPriceHistory> getState(int providerld, int coinPairld, Interval interval)
{
if (indicatorState.containsKey(providerld)) {
Map<Integer, Map<String, List<CoinPriceHistory>>> exchangeCoinPairMap =
indicatorState.get(providerld);

if (exchangeCoinPairMap.containsKey(coinPairld)) {
Map<String, List<CoinPriceHistory>> candleTypeValueMap =
exchangeCoinPairMap.get(coinPairld);

if (candleTypeValueMap.containsKey(interval.getType())) {
return candleTypeValueMap.get(interval.getType());
¥

¥
¥

return new ArrayList<>();

}

private void loadState() {
exchangeService.findAll().forEach(
exchange -> {
indicatorState.put(exchange.getld(), new HashMap<>());

coinPairService.getActiveCoinPairsByExchange(exchange.getld(),
false).forEach(
coinPair -> {
indicatorState.get(exchange.getld()).put(coinPair.getld(), new
HashMap<>());

coinPriceHistoryService.findAllCandleTypes(coinPair.getld(),
exchange.getld()).forEach(
candleType -> {
List<CoinPriceHistory> state = coinPriceHistoryService.
findLastCalculatedValues(exchange.getld(),
coinPair.getld(), candleType,
Indicator.MFI,
configuration.getSo(),
configuration.getSo());
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Collections.reverse(state);
indicatorState.get(exchange.getld()).get(coinPair.getld()).put(
candleType, state);
log.info(""SO state is loading now, exchange: {}, coin pair: {}-
{}, candle type {}",
exchange.getExchangeName(), coinPair.getBaseCoin(),
coinPair.getQuoteCoin(), candleType);

package com.dkostin.cryptos.loader.indicator;

import lombok.extern.sIf4).SIf4;j;
import org.springframework.beans.factory.annotation. Autowired;
import org.springframework.stereotype.Service;

import java.util.List;

import com.dkostin.cryptos.loader.domain.CoinPair;

import com.dkostin.cryptos.loader.domain.Exchangelndicator;

import com.dkostin.cryptos.loader.domain.Interval;

import com.dkostin.cryptos.loader.indicator.service.IndicatorCalculationService;
import com.dkostin.cryptos.loader.service.CoinPairService;

import com.dkostin.cryptos.loader.service.CoinPriceHistoryService;

import com.dkostin.cryptos.loader.service.ExchangelndicatorService;

@Service
@SIf4]
public class IndicatorCalculationLauncher {

private static final int DEFAULT_NUMBER_OF_CALCULATIONS = 1000;

private final List<IndicatorCalculationService> indicatorCalculationServiceList;
private final CoinPriceHistoryService coinPriceHistoryService;

private final ExchangelndicatorService exchangelndicatorService;

private final CoinPairService coinPairService;

@Autowired
public IndicatorCalculationLauncher(List<IndicatorCalculationService>
indicatorCalculationServiceL.ist,
CoinPriceHistoryService coinPriceHistoryService,
ExchangelndicatorService exchangelndicatorService,
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CoinPairService coinPairService) {
this.indicatorCalculationServiceList = indicatorCalculationServiceList;
this.coinPriceHistoryService = coinPriceHistoryService;
this.exchangelndicatorService = exchangelndicatorService;
this.coinPairService = coinPairService;

}

public void startCalculations(int idProvider) {
List<CoinPair> exchangeCoinPairs =
coinPairService.getActiveCoinPairsByExchange(idProvider, false);

exchangeCoinPairs.forEach(
coinPair -> {
log.info("Calculating indicators of {} - {}",
coinPair.getBaseCoin(), coinPair.getQuoteCoin());

coinPriceHistoryService.findAllCandleTypes(coinPair.getld(),
idProvider).forEach(
candleType -> {
log.info(""Calculating indicators for interval: {}", candleType);

indicatorCalculationServiceList.forEach(
calculator ->
calculateAndSavelndicators(idProvider, coinPair.getld(),
candleType, calculator));

private void calculateAndSavelndicators(int idProvider, int coinPairld,
String candleType, IndicatorCalculationService calculator) {
int size;

do { //Saves batches of indicators by
DEFAULT_NUMBER_OF_CALCULATIONS (1000 elements for ex.)

List<Exchangelndicator> exchangelndicators =
calculator.doCalculate(idProvider, coinPairld,
Interval.checkIntervals(candleType),
DEFAULT_NUMBER_OF_CALCULATIONS);
size = exchangelndicators.size();

exchangelndicatorService.saveAll(exchangelndicators);
} while (size > 1);

¥
¥



package com.dkostin.cryptos.loader.provider.binance.config;

import lombok.AllArgsConstructor;
import lombok.Builder;

import lombok.Data;

import lombok.NoArgsConstructor;

import org.springframework.boot.context.properties.ConfigurationProperties;

import org.springframework.context.annotation.Configuration;
import org.springframework.context.annotation.PropertySource;

@Builder
@Data
@NoArgsConstructor
@AIllArgsConstructor
@cConfiguration
@PropertySource(“classpath:binance.properties")
@ConfigurationProperties
public class BinanceConnectionConfiguration {
private String candleUrlIPrefix;
private String candleUrl;
private Integer candleLimit;
private String candlelnterval;

private Integer binanceLimit;
private Integer secondsToSleepBeforeNextRequest;

private String p2pUrlPrefix;
private String p2pUrl;

}

package com.dkostin.cryptos.loader.provider.binance.config;

import lombok.extern.sIf4).SIf4;;

import org.springframework.boot.web.client.RestTemplateBuilder;
import org.springframework.context.annotation.Bean;

import org.springframework.context.annotation.Configuration;
import org.springframework.http.HttpStatus;

import org.springframework.http.client.ClientHttpResponse;
import org.springframework.web.client.ResponseErrorHandler;
import org.springframework.web.client.RestTemplate;

import java.io.lOException;
import java.time.Duration;

@cConfiguration
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@SIf4j
public class BinanceProviderConfig {
@Bean

public RestTemplate binanceRestTemplate(RestTemplateBuilder builder) {

return builder
.setConnectTimeout(Duration.ofMillis(3000))
.setReadTimeout(Duration.ofMillis(3000))
.errorHandler(new ResponseErrorHandler() {
@Override

public boolean hasError(ClientHttpResponse clientHttpResponse) throws

IOException {

}
@Override

return IclientHttpResponse.getStatusCode().equals(HttpStatus.OK);

public void handleError(ClientHttpResponse clientHttpResponse) throws

IOException {

log.error("Error occurred while attempt to connect to Binance {}",

clientHttpResponse.getStatusCode());

})
build();
}
}

package com.dkostin.cryptos.loader.provider.binance.config;

public class CandleQueryParams {
public static final String candleUrlQuerySymbol = "symbol";
public static final String candleUrlQuerylInterval = "interval™;
public static final String candleUrlQueryStartTime = "startTime";
public static final String candleUrlQueryEndTime = "endTime";
public static final String candleUrIQueryLimit = "limit";

}

package com.dkostin.cryptos.loader.provider.binance.connector.impl;

import lombok.extern.slf4j.SIf4j;

import org.springframework.beans.factory.annotation. Autowired;
import org.springframework.stereotype.Service;

import org.springframework.web.client.RestTemplate;

import org.springframework.web.util.UriComponentsBuilder;

import java.net.URI;

import java.util.ArrayList;

import java.util.List;

import java.util.stream.Collectors;
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import com.dkostin.cryptos.loader.domain.CoinPair;

import com.dkostin.cryptos.loader.domain.Deal Type;

import com.dkostin.cryptos.loader.domain.Interval;

import
com.dkostin.cryptos.loader.provider.binance.config.BinanceConnectionConfiguration;
import com.dkostin.cryptos.loader.provider.binance.config.CandleQueryParams;
import com.dkostin.cryptos.loader.provider.binance.connector.BinanceConnector;
import com.dkostin.cryptos.loader.provider.binance.convert.CandleConverter;
import com.dkostin.cryptos.loader.provider.binance.dto.BinanceDatumDto;
import com.dkostin.cryptos.loader.provider.binance.dto.BinanceP2PRequestBody;
import com.dkostin.cryptos.loader.provider.binance.dto.BinanceP2PResponseDto;
import com.dkostin.cryptos.loader.provider.binance.dto.Candleltem;

@SIf4j
@Service
public class BinanceConnectorimpl implements BinanceConnector {

private final RestTemplate restTemplate;
private final BinanceConnectionConfiguration binanceConnectionConfiguration;

@Autowired

public BinanceConnectorimpl(RestTemplate rt, BinanceConnectionConfiguration cf) {
this.restTemplate = rt;
this.binanceConnectionConfiguration = cf;

}

@Override
public List<Candleltem> requestBarData(long begin, CoinPair symbol) {

URI url = buildUrl(begin, symbol,
binanceConnectionConfiguration.getCandleLimit());

log.info("Url: {3}", url);
List response = restTemplate.getForObject(url, List.class);

/Inoinspection unchecked
return (List<Candleltem>) response.stream()
.map(o -> CandleConverter.fromArray((List) 0)).collect(Collectors.toList());

private URI buildUrl(long begin, CoinPair symbol, int limit) {

return
UriComponentsBuilder.fromHttpUrl(binanceConnectionConfiguration.getCandleUrlIPrefi
x()
+ binanceConnectionConfiguration.getCandleUrl())
.queryParam(CandleQueryParams.candleUrlQueryStartTime
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, begin)
.queryParam(CandleQueryParams.candleUrlQuerySymbol,

buildCoinName(symbol))
.queryParam(CandleQueryParams.candleUrlQueryInterval,

Interval.checkIntervals(binanceConnectionConfiguration.getCandlelnterval()).getType())
.queryParam(CandleQueryParams.candleUrlQueryLimit, limit)
Jbuild().toUri();

}

private String buildCoinName(CoinPair symbol) {
return symbol.getBaseCoin() + symbol.getQuoteCoin();

}

@Override
public String getinterval() {
return binanceConnectionConfiguration.getCandlelnterval();

}

@Override
public List<BinanceDatumDto> requestP2PData(String asset, String fiat, DealType
dealType) {
URI p2pUrl = URI.create(binanceConnectionConfiguration.getP2pUrlPrefix()
+ binanceConnectionConfiguration.getP2pUrl());

return getDataList(p2pUrl, asset, fiat, deal Type);
}

private List<BinanceDatumDto> getDataList(URI p2pUrl, String asset, String fiat,
DealType deal Type) {

List<BinanceDatumDto> p2pDataOnPage;

int maxRowsOnPage = 20;

BinanceP2PRequestBody binanceP2PRequestBody;

binanceP2PRequestBody = requestFactory(1, maxRowsOnPage, asset, fiat,
deal Type);

BinanceP2PResponseDto binanceP2PResponseDto =
restTemplate.postForObject(p2pUrl, binanceP2PRequestBody,
BinanceP2PResponseDto.class);

p2pDataOnPage = binanceP2PResponseDto.getData();

int totalPricesAmount = binanceP2PResponseDto.getTotal();

List<BinanceDatumDto> p2pData = new ArrayList<>(p2pDataOnPage);

int totalRequests = (int) Math.ceil((double) totalPricesAmount / maxRowsOnPage);

log.info("Total amount of prices of selected coin pair {}", totalPricesAmount);
for (int page = 2; page <= totalRequests; page++) {

binanceP2PRequestBody = requestFactory(page, maxRowsOnPage, asset, fiat,
deal Type);
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p2pDataOnPage = restTemplate.postForObject(p2pUrl, binanceP2PRequestBody,
BinanceP2PResponseDto.class).getData();
p2pData.addAll(p2pDataOnPage);

b
return p2pData;

}

private BinanceP2PRequestBody requestFactory(int page, int rows, String asset, String

fiat, DealType dealType) {

BinanceP2PRequestBody binanceP2PRequestBody = new
BinanceP2PRequestBody();

binanceP2PRequestBody.setAsset(asset);

binanceP2PRequestBody.setFiat(fiat);

binanceP2PRequestBody.setDeal Type(deal Type);

binanceP2PRequestBody.setPage(page);

binanceP2PRequestBody.setRows(rows);

return binanceP2PRequestBody;

package com.dkostin.cryptos.loader.provider.binance.convert;

import java.math.BigDecimal;
import java.util.List;

import com.dkostin.cryptos.loader.provider.binance.dto.Candleltem;
public class CandleConverter {

public static Candleltem fromArray(List<Object> fields) {
inti=0;
Candleltem ci = new Candleltem();
ci.setOpenTime((Long) fields.get(i++));
ci.setOpen(new BigDecimal(fields.get(i++).toString()));
ci.setHigh(new BigDecimal(fields.get(i++).toString()));
ci.setLow(new BigDecimal(fields.get(i++).toString()));
ci.setClose(new BigDecimal(fields.get(i++).toString()));
ci.setVolume(new BigDecimal(fields.get(i++).toString()));
ci.setCloseTime((Long) fields.get(i++));
ci.setQuoteAssetVVolume(new BigDecimal(fields.get(i++).toString()));
ci.setNumberOfTrades(new BigDecimal(fields.get(i++).toString()));
ci.setTakerBuyBaseAssetVolume(new BigDecimal(fields.get(i++).toString()));
ci.setTakerBuyQuoteAssetVolume(new BigDecimal(fields.get(i++).toString()));
ci.setlgnore(new BigDecimal(fields.get(i).toString()));
return ci;
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}

package com.dkostin.cryptos.loader.provider.binance;

import lombok.extern.sIf4).SIf4j;

import org.slf4j.Logger;

import org.slf4j.LoggerFactory;

import org.slf4j.Marker;

import org.slf4j.MarkerFactory;

import org.springframework.beans.factory.annotation. Autowired,;
import org.springframework.dao.DataAccessException;

import org.springframework.dao.DatalntegrityViolationException;
import org.springframework.stereotype.Service;

import java.util. ArrayL.ist;
import java.util.List;
import java.util.concurrent. CompletableFuture;

import com.dkostin.cryptos.loader.domain.CoinPair;

import com.dkostin.cryptos.loader.domain.CoinPriceHistory;

import com.dkostin.cryptos.loader.domain.Sources;

import com.dkostin.cryptos.loader.provider.PriceBarProvider;

import
com.dkostin.cryptos.loader.provider.binance.config.BinanceConnectionConfiguration;
import com.dkostin.cryptos.loader.provider.binance.connector.BinanceConnector;
import com.dkostin.cryptos.loader.provider.binance.dto.Candleltem;

import com.dkostin.cryptos.loader.provider.binance.service.BinanceRestriction;
import com.dkostin.cryptos.loader.service.CoinPairService;

import com.dkostin.cryptos.loader.service.CoinPriceHistoryService;

/ITODO think about move all beans related to the certain provider into separate .xml
spring configuration file

// and maybe into separate mvn module

/1 to be able to disable it in one action

@Service
@SIf4j
public class BinancePriceBarProvider implements PriceBarProvider {
private static final long MAX_DELTA =1 800_000;
private Logger logger = LoggerFactory.getLogger(BinancePriceBarProvider.class);

BinanceConnector binanceConnector;
CoinPriceHistoryService coinPriceHistoryService;
CoinPairService coinPairService;

BinanceRestriction binanceRestriction;
BinanceConnectionConfiguration connectionConfiguration;
Long firstTime;
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Long secondTime;

@Autowired
public BinancePriceBarProvider(BinanceConnector binanceConnector,
CoinPriceHistoryService coinPriceHistoryService, CoinPairService coinPairService,
BinanceRestriction binanceRestriction, BinanceConnectionConfiguration
connectionConfiguration) {
this.binanceConnector = binanceConnector;
this.coinPriceHistoryService = coinPriceHistoryService;
this.coinPairService = coinPairService;
this.binanceRestriction = binanceRestriction;
this.connectionConfiguration = connectionConfiguration;

/**

*TODO

* this method should load and saveAll data using @binanceConnector

* it should handle all provider restrictions (calls per minute etc)

* loading can be scheduled and result CompletableFuture can be completed after all
data is loaded

*/

@Override

public CompletableFuture<Void> loadData() {

return CompletableFuture.runAsync(() -> {
try {
int numberOfCalls = 0;
firstTime = System.currentTimeMillis();
List<CoinPair> supportedCoinPairs =
coinPairService.getActiveCoinPairsByExchange(Sources.BINANCE.getld(), false);
for (CoinPair coinPair : supportedCoinPairs) {

long begin =
coinPriceHistoryService.findLastHistoryLoadedDate(Sources.BINANCE.getld(),
coinPair.getld(), binanceConnector.getinterval());
List<Candleltem> candleltems = binanceConnector.requestBarData(begin,
coinPair);
numberOfCalls++;
while (System.currentTimeMuillis() - begin >= MAX_DELTA &&
candleltems.size() 1= 0) {
List<CoinPriceHistory> coinPriceHistories = new
ArrayList<>(candleltems.size());
begin = candleltems.get(0).getCloseTime();
for (Candleltem candleltem : candleltems) {
if (begin < candleltem.getCloseTime())
begin = candleltem.getCloseTime();



CoinPriceHistory coinPriceHistory =
mapCandleltemToCoinPriceHistory(candleltem, coinPair, Sources.BINANCE.getld(),
binanceConnector.getinterval());

coinPriceHistories.add(coinPriceHistory);

}

try {
coinPriceHistoryService.saveAll(coinPriceHistories);

} catch (DatalntegrityViolationException dive){
/llog.error("Attempt to insert or update data results in violation of an
integrity constraint”, dive);
Marker fatal = MarkerFactory.getMarker("FATAL");
logger.error(fatal, "this is a fatal message");

candleltems = binanceConnector.requestBarData(begin, coinPair);
numberOfCalls++;

if (numberOfCalls >= connectionConfiguration.getBinanceLimit()) {
secondTime = System.currentTimeMillis();
log.info(""In the period between {} and {} : {} requests were done to
request price from binance", firstTime, secondTime, numberOfCalls);
if (secondTime - firstTime < 500000) {
binanceRestriction.doThreadSleep();

¥
numberOfCalls = 0;
firstTime = System.currentTimeMuillis();

¥
¥
¥

} catch (DataAccessException access) {

log.error("Cannot get access to data in database ", access);
} catch (Exception exception) {

log.error("Following exception occured: ", exception);

}
H;
}

@Override
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public CoinPriceHistory mapCandleltemToCoinPriceHistory(Candleltem candleltem,

CoinPair coinPair, int exchangeld, String candleType) {
CoinPriceHistory coinPriceHistory = new CoinPriceHistory();
coinPriceHistory.setExchangeld(exchangeld);
coinPriceHistory.setOpen(candleltem.getOpen());
coinPriceHistory.setHigh(candleltem.getHigh());
coinPriceHistory.setLow(candleltem.getLow());
coinPriceHistory.setClose(candleltem.getClose());
coinPriceHistory.setVolume(candleltem.getVolume());
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coinPriceHistory.setNumberOfTrades(candleltem.getNumberOfTrades().longValueExact(
);
coinPriceHistory.setCandleTimeOpen(candleltem.getOpenTime());
coinPriceHistory.setCandleTimeClose(candleltem.getClose Time());
coinPriceHistory.setCoinPairld(coinPair.getld());
coinPriceHistory.setCandleType(candleType);
return coinPriceHistory;

}

@Override
public int getld() {

return Sources.BINANCE.getld();
}

}

package com.dkostin.cryptos.loader.provider.binance.service;

import lombok.extern.sIf4).SIf4j;
import org.springframework.beans.factory.annotation. Autowired,;
import org.springframework.stereotype.Service;

import java.util.concurrent. TimeUnit;

import
com.dkostin.cryptos.loader.provider.binance.config.BinanceConnectionConfiguration;

@Service
@SIf4j
public class BinanceRestriction {
BinanceConnectionConfiguration binanceConnectionConfiguration;

@Autowired
public BinanceRestriction(BinanceConnectionConfiguration
binanceConnectionConfiguration){
this.binanceConnectionConfiguration = binanceConnectionConfiguration;
¥

public void doThreadSleep(){
try {
log.info("Thread go to sleep for minutes: {}",
binanceConnectionConfiguration.getSecondsToSleepBeforeNextRequest()/60);

TimeUnit. SECONDS.sleep(binanceConnectionConfiguration.getSecondsToSleepBeforeN
extRequest());
}catch (Exception e){
e.printStackTrace();

¥



package com.dkostin.cryptos.loader.rest;

import com.dkostin.cryptos.loader.resources.LoaderResource;
import com.dkostin.cryptos.loader.service.ExtractorService;

import org.springframework.beans.factory.annotation. Autowired;
import org.springframework.http.HttpStatus;

import org.springframework.http.ResponseEntity;

import org.springframework.web.bind.annotation.GetMapping;
import org.springframework.web.bind.annotation.RequestMapping;
import org.springframework.web.bind.annotation.RestController;

import java.util.List;

@RestController

@RequestMapping("/extract™)

public class LoaderControllerimpl implements LoaderResource {
private ExtractorService extractorService;

@Autowired
public LoaderControllerimpl(ExtractorService extractorService) {
this.extractorService = extractorService;

}

@Override
public List<String> getSupportedPairs() {
return null;

}

@RequestMapping(*/exchange™)

@GetMapping

@Override

public ResponseEntity<?> getCoinPriceHistories() {
extractorService.barDoExtraction();
return new ResponseEntity<>(HttpStatus.OK);

¥

package com.dkostin.cryptos.loader;

import org.springframework.boot.SpringApplication;

import org.springframework.boot.autoconfigure.SpringBootApplication;
import org.springframework.scheduling.annotation.EnableScheduling;

import org.springframework.retry.annotation.EnableRetry;

138



@SpringBootApplication(scanBasePackages = {"com.dkostin.dlt.cryptos.loader"})
@EnableScheduling

@EnableRetry

public class Application {

public static void main(String[] args) {
SpringApplication.run(Application.class, args);

package com.dkostin.cryptos.predictor.config;

import org.springframework.boot.context.properties.ConfigurationProperties;
import org.springframework.context.annotation.Configuration;
import org.springframework.context.annotation.PropertySource;

import lombok.Data;

@Data
@Configuration
@PropertySource("classpath:path.properties™)
@ConfigurationProperties(prefix = "csv")
public class CsvConfiguration {

private String input;

private String expected;

private int batchSize;

}
package com.dkostin.cryptos.predictor.controller;

import java.io.lOException;

import org.springframework.http.ResponseEntity;
import org.springframework.web.bind.annotation.RequestBody;

import com.dkostin.cryptos.predictor.model.ConditionCsv;
import com.dkostin.cryptos.predictor.model.ConditionLstm;
import com.dkostin.cryptos.predictor.model.ModelTrainingResult;

public interface LSTMController {
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ResponseEntity<ModelTrainingResult> launchLSTM(ConditionLstm conditionLstm)

throws I0Exception, InterruptedException;
void testCSV(@RequestBody ConditionCsv conditionCsv);

ResponseEntity<?> downloadCsv();



}

package com.dkostin.cryptos.predictor.model;
import lombok.Data;

@Data
public class ConditionCsv {
private int coinPairld = 1;
private int exchangeld = 1;
private String candleType = "1h";
private long startDate = 1420074000000L;

}

package com.dkostin.cryptos.predictor.model;

import org.springframework.context.annotation.Configuration;

import lombok.AllArgsConstructor;
import lombok.Data;
import lombok.NoArgsConstructor;

@Data
@AIllArgsConstructor
@NoArgsConstructor
@cConfiguration
public class ConditionLstm {
private int coinPairld;
private int exchangeld;
private String candleType;
private long startDate;
private double trainingPercent;
private int numberOfFilesForOnelteration;
private int nbEpochs;
private double learningRate;;
private int batchSize;
private int IstmLayerSize;
private int numLabelClasses;

}

package com.dkostin.cryptos.predictor.model;
import java.util.List;

import lombok.AllArgsConstructor;

import lombok.Data;

import lombok.NoArgsConstructor;

@Data
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@AIlIArgsConstructor

@NoArgsConstructor

public class ModelTrainingResult {
private ConditionLstm conditionLstm;
private List<Double> onelterationAucs;
private double auc;

}

package com.dkostin.cryptos.predictor.service.impl;

import java.io.File;

import java.io.lOException;
import java.math.BigDecimal;
import java.util.LinkedList;
import java.util.List;

import java.util.Objects;
import java.util.Optional;

import javax.annotation.PostConstruct;

import org.datavec.api.records.reader.SequenceRecordReader;

import org.datavec.api.records.reader.impl.csv.CSVSequenceRecordReader;
import org.datavec.api.split. NumberedFilelnputSplit;

import org.deeplearning4j.datasets.datavec.SequenceRecordReaderDataSetlterator;
import org.deeplearning4j.nn.api.OptimizationAlgorithm;

import org.deeplearning4j.nn.conf.ComputationGraphConfiguration;
import org.deeplearning4j.nn.conf.NeuralNetConfiguration;

import org.deeplearning4j.nn.conf.layers.LSTM;

import org.deeplearning4j.nn.conf.layers.RnnOutputLayer;

import org.deeplearning4j.nn.graph.ComputationGraph;

import org.deeplearning4j.nn.weights.WeightlInit;

import org.deeplearning4j.util. ModelSerializer;

import org.nd4j.evaluation.classification.ROC;

import org.nd4j.linalg.activations.Activation;

import org.nd4j.linalg.api.ndarray.INDArray;

import org.nd4j.linalg.dataset.api.DataSet;

import org.nd4j.linalg.dataset.api.iterator.DataSetlterator;

import org.nd4j.linalg.dataset.api.preprocessor.DataNormalization;

import org.nd4j.linalg.dataset.api.preprocessor.NormalizerMinMaxScaler;
import org.nd4j.linalg.factory.Nd4j;

import org.nd4j.linalg.learning.config.Adam;

import org.nd4j.linalg.lossfunctions.LossFunctions;

import org.springframework.beans.factory.annotation. Autowired;

import org.springframework.stereotype.Service;

import com.dkostin.cryptos.predictor.config.CsvConfiguration;
import com.dkostin.cryptos.predictor.dto.CsvCoinPriceHistory;
import com.dkostin.cryptos.predictor.model.ConditionLstm;
import com.dkostin.cryptos.predictor.model.ModelTrainingResult;
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import com.dkostin.cryptos.predictor.model. TestFiles;

import com.dkostin.cryptos.predictor.service.CoinPriceHistoryService;
import com.dkostin.cryptos.predictor.service.LSTMService;

import com.dkostin.cryptos.predictor.service. TestData;

import lombok.extern.sIf4).SIf4;j;

@SIf4j

@Service

public class LSTMServicelmpl implements LSTMService {
private static final String MODEL_BACKUP_PATH =

"src/main/resources/model/model_backup.zip™;
private static final int NB_INPUTS = 12;

private final CsvConfiguration csvConfiguration;
private ComputationGraph model,
private final CoinPriceHistoryService coinPriceHistoryService;

@Autowired
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public LSTMServicelmpl(CsvConfiguration csvConfiguration, CoinPriceHistoryService

coinPriceHistoryService) {
this.csvConfiguration = csvConfiguration;
this.coinPriceHistoryService = coinPriceHistoryService;

}

@PostConstruct
private void init() throws IOException {
File modelFile = new File(MODEL_BACKUP_PATH);

if (modelFile.exists()) {
model = ModelSerializer.restoreComputationGraph(modelFile);

¥
¥

private void saveModel() throws IOException {

File modelFile = new File(MODEL_BACKUP_PATH);
modelFile.getParentFile().mkdirs();
modelFile.createNewFile();

ModelSerializer.writeModel(model, modelFile, true);

}
@Override

public double predict(int coinPairld, int exchangeld, String candleType) {

List<CsvCoinPriceHistory> coinPriceHistories =

coinPriceHistoryService.getLastBatchForPrediction(coinPairld, exchangeld, candleType);

INDArray input = Nd4j.create(dataForPredictionForm(coinPriceHistories));
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INDArray[] output = model.output(input.reshape(new int[] {64, 12, 1})); // maybe:
model.output(input.reshape(l, 12, 64));

double growResult = output[0].getDouble(63, 1, 1);

double dropResult = output[0].getDouble(63, 0, 1);

log.info(""Possibility of growth percentage: " + growResult);

log.info(""Possibility of drop percentage: " + dropResult);

return growResult;

}

private double[][] dataForPredictionForm(List<CsvCoinPriceHistory> coinPriceHistories)

{

double[][] datalnput = new double[64][12];

// todo why we don’t have date???

for (int i = 0; i < coinPriceHistories.size(); i++) {

CsvCoinPriceHistory coinPriceHistory = coinPriceHistories.get(i);

datalnput[i][0] = coinPriceHistory.getOpen().doubleValue();

datalnput[i][1] = coinPriceHistory.getHigh().doubleValue();

datalnput[i][2] = coinPriceHistory.getLow().doubleValue();

datalnput[i][3] = coinPriceHistory.getClose().doubleValue();

datalnput[i][4] = coinPriceHistory.getVolume().doubleValue();

// todo indicators: next, just uncomment me

datalnput[i][5] =
Optional.ofNullable(coinPriceHistory.getMfi()).map(BigDecimal::doubleValue).orElse(0.
0);

datalnput[i][6] =
Optional.ofNullable(coinPriceHistory.getObv()).map(BigDecimal::doubleValue).orElse(0.
0);

datalnput[i][7] =
Optional.ofNullable(coinPriceHistory.getEma()).map(BigDecimal::doubleValue).orElse(0
.0);

datalnput[i][8] =
Optional.ofNullable(coinPriceHistory.getSma()).map(BigDecimal::doubleValue).orElse(0.
0);

datalnput[i][9] =
Optional.ofNullable(coinPriceHistory.getCmo()).map(BigDecimal::doubleValue).orElse(0
.0);

datalnput[i][10] =
Optional.ofNullable(coinPriceHistory.getAo()).map(BigDecimal::doubleValue).orElse(0.0
);

datalnput[i][11] =
Optional.ofNullable(coinPriceHistory.getSo()).map(BigDecimal::doubleValue).orElse(0.0
);

¥

return datalnput;

}
@Override
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public ModelTrainingResult launchLSTM(ConditionLstm conditionLstm) throws
IOException, InterruptedException {

List<Double> aucs = new LinkedList<>();

ROC roc = new ROC();

TestFiles testFiles = new TestFiles();

TestData testDataToFile = new TestDatalmpl(testFiles);

String featureBaseDir =

csvConfiguration.getinput() + "/model1/" + conditionLstm.getExchangeld() + /" +
conditionLstm.getCandleType() + "/*

+ conditionLstm.getCoinPairld();

String closeBaseDir =

csvConfiguration.getExpected() + "/modell/" + conditionLstm.getExchangeld() + /" +
conditionLstm.getCandleType() + "/*

+ conditionLstm.getCoinPairld();

int filesNumber = Objects.requireNonNull(new File(closeBaseDir).list()).length; // 95
double trainSetRatio = conditionLstm.getTrainingPercent() / 100; // 0.8

int trainFilesNumber = (int)
Math.round(conditionLstm.getNumberOfFilesForOnelteration() * trainSetRatio);

/ltrain

int currentBatch;

String featuresFileNameTemplate = featureBaseDir + "/coinPriceHistory %d.csv";
String labelsFileNameTemplate = closeBaseDir + "/closePrice_%d.csv";

for (currentBatch = 0; currentBatch + trainFilesNumber < filesNumber; currentBatch +=
conditionLstm.getNumberOfFilesForOnelteration()) {

SequenceRecordReader trainFeatures = new CSVSequenceRecordReader(1, ",");
SequenceRecordReader trainLabels = new CSVSequenceRecordReader();
DataNormalization normalizer = new NormalizerMinMaxScaler();
trainFeatures.initialize(new NumberedFilelnputSplit(featuresFileNameTemplate,
currentBatch, currentBatch + trainFilesNumber - 1));

trainLabels.initialize(new NumberedFilelnputSplit(labelsFileNameTemplate,
currentBatch, currentBatch + trainFilesNumber - 1));

DataSetlterator trainData = new SequenceRecordReaderDataSetlterator(trainFeatures,
trainLabels,

filesNumber, 2, false,
SequenceRecordReaderDataSetlterator. AlignmentMode. ALIGN_END);

while (trainData.hasNext()) {
DataSet batch = trainData.next();
normalizer.fit(batch);
normalizer.transform(batch);

}

initModel(conditionLstm);
model.fit(trainData, conditionLstm.getNbEpochs());

}
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currentBatch -= conditionLstm.getNumberOfFilesForOnelteration();

int rest = filesNumber % conditionLstm.getNumberOfFilesForOnelteration();
int restTrainFilesNumber = (int) (rest * conditionLstm.getTrainingPercent() / 100);

If (restTrainFilesNumber !=0) {

SequenceRecordReader trainFeatures = new CSVSequenceRecordReader(1, ",");
SequenceRecordReader trainLabels = new CSVSequenceRecordReader();
DataNormalization normalizer = new NormalizerMinMaxScaler();

trainFeatures.initialize(

new NumberedFilelnputSplit(featuresFileNameTemplate, currentBatch, currentBatch +
restTrainFilesNumber - 1));

trainLabels.initialize(new NumberedFilelnputSplit(labelsFileNameTemplate,
currentBatch, currentBatch + restTrainFilesNumber - 1));

DataSetlterator trainData = new SequenceRecordReaderDataSetlterator(trainFeatures,
trainLabels,

filesNumber, 2, false,
SequenceRecordReaderDataSetlterator. AlignmentMode. ALIGN_END));

while (trainData.hasNext()) {
DataSet batch = trainData.next();
normalizer.fit(batch);
normalizer.transform(batch);

}

model.fit(trainData, conditionLstm.getNbEpochs());
}

Iltest
int testFilesNumber = conditionLstm.getNumberOfFilesForOnelteration() -
trainFilesNumber;

for (

currentBatch = 0;

currentBatch + trainFilesNumber + testFilesNumber < filesNumber;

currentBatch += conditionLstm.getNumberOfFilesForOnelteration()) {
SequenceRecordReader testFeatures = new CSVSequenceRecordReader(1, ",");
SequenceRecordReader testLabels = new CSVSequenceRecordReader();
DataNormalization normalizer = new NormalizerMinMaxScaler();
testFeatures.initialize(new NumberedFilelnputSplit(featuresFileNameTemplate,
currentBatch + trainFilesNumber + 1,

currentBatch + trainFilesNumber + testFilesNumber));

testLabels.initialize(new NumberedFilelnputSplit(labelsFileNameTemplate, currentBatch
+ trainFilesNumber + 1,

currentBatch + trainFilesNumber + testFilesNumber));

DataSetlterator testData = new SequenceRecordReaderDataSetlterator(testFeatures,
testLabels, conditionLstm.getBatchSize(), 2, false,
SequenceRecordReaderDataSetlterator. AlignmentMode. ALIGN_END);
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while (testData.hasNext()) {

DataSet batch = testData.next();

INDArray[] out = model.output(batch.getFeatures());
testDataToFile.addData(batch.getFeatures(), batch.getLabels(), out[0]);
normalizer.fit(batch);

normalizer.transform(batch);

INDArray[] output = model.output(batch.getFeatures());
roc.evalTimeSeries(batch.getLabels(), output[0]);

}

double auc = roc.calculateAUC();
log.info(""Area under curve - {}", auc);
aucs.add(auc);

}

currentBatch -= conditionLstm.getNumberOfFilesForOnelteration();
int restTestFilesNumber = rest - restTrainFilesNumber;

if (restTrainFilesNumber !=0) {

SequenceRecordReader testFeatures = new CSVSequenceRecordReader(1, ",");
SequenceRecordReader testLabels = new CSVSequenceRecordReader();
DataNormalization normalizer = new NormalizerMinMaxScaler();
testFeatures.initialize(new NumberedFilelnputSplit(featuresFileNameTemplate,
currentBatch + restTrainFilesNumber,

currentBatch + restTrainFilesNumber + restTestFilesNumber - 1));
testLabels.initialize(new NumberedFilelnputSplit(labelsFileNameTemplate, currentBatch
+ restTrainFilesNumber,

currentBatch + restTrainFilesNumber + restTestFilesNumber - 1));

DataSetlterator testData = new SequenceRecordReaderDataSetlterator(testFeatures,
testLabels, conditionLstm.getBatchSize(), 2, false,
SequenceRecordReaderDataSetlterator. AlignmentMode. ALIGN_END);

while (testData.hasNext()) {

DataSet batch = testData.next();

INDArray[] out = model.output(batch.getFeatures());
testDataToFile.addData(batch.getFeatures(), batch.getLabels(), out[0]);
normalizer.fit(batch);

normalizer.transform(batch);

INDArray[] output = model.output(batch.getFeatures());
roc.evalTimeSeries(batch.getLabels(), output[0]);

¥

double auc = roc.calculateAUC();
log.info("*Area under curve - {}", auc);
aucs.add(auc);

}

saveModel();
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testDataToFile.saveToCsv(conditionLstm, aucs, aucs.get(aucs.size() - 1));
ModelTrainingResult modelTrainingResult = new ModelTrainingResult(conditionLstm,
aucs, aucs.get(aucs.size() - 1));

return modelTrainingResult;

}

private void initModel(ConditionLstm conditionLstm) {
if (model == null) {
ComputationGraphConfiguration conf = new NeuralNetConfiguration.Builder()

.seed(System.currentTimeMillis())
.optimizationAlgo(OptimizationAlgorithm.STOCHASTIC_GRADIENT_DESCENT)
.updater(new Adam(conditionLstm.getLearningRate()))

weightInit(WeightInit. XAVIER)

.dropOut(0.25)

.graphBuilder()

.addInputs("ohlcv™)

.setOutputs(*closePrice™)

.addLayer("L1",

new
LSTM.Builder().nIn(NB_INPUTS).nOut(conditionLstm.getLstmLayerSize()).dropOut(0.2
).forgetGateBiasInit(1).build(),

"ohlcv")

.addLayer("L2",

new
LSTM.Builder().nIn(conditionLstm.getLstmLayerSize()).nOut(conditionLstm.getLstmLa
yerSize()).forgetGateBiasInit(1)

.dropOut(0.2).build(), "L1")

.addLayer("L3",

new
LSTM.Builder().nIn(conditionLstm.getLstmLayerSize()).nOut(conditionLstm.getLstmLa
yerSize()).forgetGateBiasInit(1)

.dropOut(0.2).build(), "L2")

.addLayer(""L4",

new
LSTM.Builder().nIn(conditionLstm.getLstmLayerSize()).nOut(conditionLstm.getLstmLa
yerSize()).forgetGateBiasInit(1)

.dropOut(0.2).build(), "L3")

.addLayer("closePrice", new

RnnOutputLayer.Builder(LossFunctions.LossFunction. MCXENT).activation(Activation.S
OFTMAX)
.nin(conditionLstm.getLstmLayerSize()).nOut(conditionLstm.getNumLabelClasses()).buil
d(), "L4")

Dbuild();

model = new ComputationGraph(conf);

¥
¥
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# Use an official OpenJDK runtime as a parent image
FROM openjdk:17-jdk-slim

# Set the working directory to /app
WORKDIR /app

# Copy the JAR file into the container at /app
COPY impl/target/crypto-prices-predictor-impl-1.0-SNAPSHOT .jar /app/app.jar

# Expose the port that your Spring Boot application will run on
EXPOSE 8082

# Specify the command to run on container startup
CMD ["java", "-jar", "app.jar']

# Use an official OpenJDK runtime as a parent image
FROM openjdk:17-jdk-slim

# Set the working directory to /app
WORKDIR /app

# Copy the JAR file into the container at /app
COPY impl/itarget/crypto-prices-loader-impl-1.0-SNAPSHQOT .jar /app/app.jar

# Expose the port that your Spring Boot application will run on
EXPOSE 8052

# Specify the command to run on container startup
CMD ["java", "-jar", "app.jar"]



