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@® NOCTAHOBKA 3AJAUM

Pazpaborars METOQ NPOTHO3UPOBAHUS 1ICH HA
(G OHIOBOM PBIHKE, KOTOPBIC OyIyT HAHOOJICE
3(pPEKTUBHBI IIPHU AITOPUTMHUYECCKON TOPIOBIJIE.
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® HEHUPOHHBIE CETH

Recurrent Neural Network
Convolutional Neural Network
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KPATKOCPOUYHOU NAMSATBHIO (LSTM)

Ct1

, {
oL °ll .o

Inputs: outputs: Nonlinearities: Vector operations:

Memory from < o Sigmoid @ Element-wise

current block multiplication

Output of Hyperbolic ( = J Element-wise
current block tangent ' Summation /

Concatenation

Input vector

Memory from
previous block

Output of
previous block Bias: o

X
®
O



® CPEJIHEKBATPATHYHAS OILIUBKA

RMSE =

rjie y; — 3To peajibHasl ieHa, V; — 3TO IPOTHO3UPYEMOE
3HAYEHMe, a N — KOJIHMYECTBO BCeX HAOJII0IeHU M.




® CPEJHSS ABCOJIIOTHAS OIIIUBKA

n A
n )
rae y; —3To peajibHad eHa, YV; — 3TO IPOrHO3HPYEMOe

3JHAYeHMe, a N — KOJINYeCTBO BCeX HAOJJII0IeHU M.
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RNN LSTM CNN
RMSE 43.957 41.003 42.907
MAE 29.916 28.285 30.138

(® CPABHEHHME CYIIECTBYIOUIUX PEINEHWH [1]

1. Wenjie Lu, Jiazheng L1, Yifan L1, Ajjun Sun, Jingyang Wang, "A CNN-LSTM-Based
Model to Forecast Stock Prices", Complexity, vol. 2020, Article
ID 6622927, 10 pages, 2020. https://do1.org/10.1155/2020/6622927
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@® UPEJIJATAEMBIA METO/I

LSTM
@ Instance #1

AHxcamO1b LSTM HEUpOHHBIX
cerer (LSTM Ensemble)
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@ OIIEHKA NIPEJJATAEMOI'O METOJIA HA
JTAHHBIX IYBJUKALMH [1]

RNN LSTM CNN LSTM
Ensemble

RMSE 43.957 41.003 42.967 31.01

MAE 29.916 28.285 30.138 22.463
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JTATACET SITIOHCKUX CBEYEM [3]

Data Explorer

1.67 MB < AAPL-D.csv (287.92 KB) L, A
M AAPL-D.csv
M AMZN-D.csv Detail Compact Column 9 of 9 columns v
[ BAC-D.csv a a " "
A asset_id - A interval = timestam - open - high =
[ DIS-D.csv i i i
@ EA-D.csv .
[ FB-D.csv 1 1 &
M GOOGL-D.csv unique value unique value
M MSFT-D.csv 3Jan0C 5Nov2C 3.5 702 3.5¢ 705 5.2
M NFLX-D.csv AAPL D 2000-02-02 25.1875 25.53125 24
M NKE-D.csv
M NVDA-D.csv AAPL D 2000-02-03 25.078129999999998 26.0625 25
@ TMO-D.csv AAPL D 2000-02-04 25.984379999999998 27.5 25
M0 TXN-D.csv
AAPL D 2000-02-07 27.0 28.5625 26
M UNP-D.csv
M0 VZ-D.csv AAPL D 2000-02-08 28.5 29.03125 27
M WMT-D.csv AAPL D 2000-02-89 28.53125 20.28125 28
@ XOM-D.csv
AAPL D 2000-02-10 28.21875 28.46875 27

a ™ ~ et atata ~ - - ~ o~ AN ™ ~ o~ e Ea -

3. Ozmaden, D. OHLC Financial data, Version 1. Available from:
https://www.kaggle.com/dozmaden/ohlctinancial-data (/lara oOpamenus:
10.03.2021, pexxuM gocrymna: CBOOOIHBIN )
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® CPEJHSS NPOLIEHTHAS OILIIUBKA

100% wn Vi—Yi

MPE = ==X >,

rjae y; —3T0 peajibHas IeHa, Y; — 3TO MPOrHO3HPYEMOoe
3HAYEHHE, a N1 — KOJHYEeCTBO BCeX HAOJII0JeHNH.
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@ PE3YNbTATbI 9KCMEPUMEHTA
HA EXEQHEBHbIX OAHHbIX

20 Close MSFT  DIS FB
Ehedicied Uose RMSE  2.01 192 710
% & MPE  -6473 2478  -1.3048224
Max. PE 11.9 12.474 17.348574
O Min. PE -35.71 -24.307 -21.688463
3 T o Correct direction 0.533 0.583 0.514
O MPE (of correct predictions) -5.064 -1.275 -0.5703
S Max. PE (of correct predictions) 11.891 12.47 17.34857
u Min. PE (of correct predictions) -25.701 -17.91 -21.69
= 100 Wrong direction  0.467 0.417 0.486
MPE (of wrong predictions) 7.995 3.773 2.093
Max. PE (of wrong predictions)  35.711 24.307 21.61
50 - Min. PE (of wrong predictions) 0.158 0.187 -11.32
0 500 1000 1500 2000 2500 3000 3500 MeTtpuku eXeaHEBHBIX NPEACKa3aHUN
Time w w
IIHCH dKIIMHN KOMIIdAHHN.
ExenneBHbIN rpa@uK NCXOAHBIX U Microsoft, Disney, Facebook

IPEJCKAa3aHHBIX 1ICH akuui Microsoft.
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® PE3YJIbTATHI SKCIIEPUMEHTA
HA IIOYACOBBIX JTAHHBIX

Bg.n>

- Close
- Predicted Close

0 10000 20000 30000 40000
Time

[TogacoBou rpa(puk UCXOOHBIX U
IpEJICKa3aHHBIX LICH aknui Microsoft

MSFT DIS FB

RMSE 0.71 0.54 .16
MPE -0.174 0.154 -0.0727
Max. PE  10.443 11.016 18.809
Min. PE -12516  -13.377 -22.817

Correct direction 0.536 0.571 0.509
MPE (of correct predictions) -0.1754  -0.0327 -0.0476
Max. PE (of correct predictions) 9.18 8.66 18.808
Min. PE (of correct predictions) -11.34 -13.377 -22.818
Wrong direction 0.464 0.429 0.491
MPE (of wrong predictions) 0.172 -0.3305 0.0969197

Max. PE (of wrong predictions) 12.51 8.1851 18.755

Min. PE (of wrong predictions) -10.44  -11.0167 -12.762719

MeTpHKH 1I0YaCOBBIX IIPEACKA3aHUM 1ICH
aKIIUU KOMITAHUMU:
Microsoft, Disney, Facebook
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Portfolio

@ PE3YJIBTATBI AITOPUTMUYECKON TOPTOBJIN
HA OCHOBE UHJAUKATOPOB BOJIATUJIBHOCTH

Volatility indicator strategy by ticker
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HA OCHOBE METOJIA K-CPEJHUX

K-means strategy by ticker

@ PE3YJIbTATBI AJITOPUTMHAYECKOHN TOPTOBJIH
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Ensemble strategy compared to Buy&Hold AAPL
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@ BBIBOJbI

CpeaHui IPUPOCT 3a CACIKY OOJIBIIEC CHUXKCHUS

Moaeib IpeICcKa3bIBACT MIPABUIILHO OyIyIIuM TpeH 001ee 4eM

B 50% cliy4acB

CTparerun TOProBiM, 3aJI0KCHHAsI B MOJICIISIX, HAU0OJIEE
Y(P(PEeKTUBHBI HA MMHYTHBIX MHTEpPBaax, rIe Heo0Xoauma
OBICTPOTA MPUHATHUS PCIICHUM;

Bo3MorkHa napajuieibHas TOProBiIs HAa MHOXKECTBE aKTHUBOB

21



@ TNEPCMEKTUBbI PA3BUTUA
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Wenjie Lu, Jiazheng L1, Yifan L1, Ajjun Sun, Jingyang Wang, "A
CNN-LSTM-Based Model to Forecast Stock

Prices", Complexity, vol. 2020, Article

ID 6622927, 10 pages, 2020. https://do1.org/10.1155/2020/6622927
M. Tan, S. Yuan, S. L1, Y. Su, H. L1 and F. He, "Ultra-Short-Term
Industrial Power Demand Forecasting Using LSTM Based Hybrid
Ensemble Learning," in /EEE Transactions on Power Systems, vol. 33,
no. 4, pp. 2937-2948, July 2020, do1: 10.1109/TPWRS.2019.2963109.
Ozmaden, D. OHLC Financial data, Version 1. Available from:
https://www.kaggle.com/dozmaden/ohlcfinancial-data (/lara
oOpamenus: 10.03.2021, pexxnm moctyna: CBOOOIHBIN)
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