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Prediction of stock prices using deep neural network
models including an emotional predictor based on
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Abstract

We used a deep neural network model for the prediction of the stock prices of Kia Motors and Shinsegae as
listed in the KOSPI 100. We used an emotional variable derived from online news in addition to the various
technical indicators most often used. The emotional variable used as a predictor variable was generated
from the average of the emotional scores for companies in the industrial group after building an emotional
dictionary specific to each industrial group classified in a social network analysis. The study was conducted
with various combinations of predictors and confirmed that good predictive and profitable power could be
expected when jointly using technical indicators and an emotional variable based on online news by industrial

groups.
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Table 1.1. Current status of real shareholders of listed companies in the last five-year

Year Companies Stockholder Stocks item per person Stocks held per person
2014 1,836 4,415,830 3.36 12,476
2015 1,975 4,750,027 3.71 12,716
2016 2,070 4,939,465 3.75 13,670
2017 2,147 5,059,013 3.94 14,743
2018 2,216 5,611,764 4.27 15,463
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Table 2.1. Predictor variables

1-5. Company stock price :

Starting price, High price, Low price,

Basic . . K
variables Closing price, Tradmg volume .
6—10. Company stock price compared to the previous day :
(10) . S . .
Starting price, High price, Low price,
Closing price, Trading volume
1. Accumulation/Distribution (A/D)
2. Ease Of Movement (EOM)
3. Net Change Oscillator (NCO)
Volume 4. Negative Volume Index (NVI)
indicators 5. On Balance Volume (OBV)
9) 6. Positive Volume Index (PVI)
7. Price and Volume Trend (PVT)
8. Volume Rate of Change (VRC)
9. Volume Oscillator (VO)
Technical 1. Average True Range (ATR)
indicators 2. Chaikin’s Oscillator (CO)
(51) 3. Chaikin’s Volatility (CV)
4-6. Disparity (5-days, 10-days, 20-days)
7. Momentum (10-days)
8. Price Oscillator (PO) (9-days, 26-days)
Market X
. 9. Price Rate Of Change (PROC) (10-days)
characteristic R
indicators 10. Relative Strength Index (RSI) (14-days)
(17) 11. Vertical Horizontal Filter (VHF) (28-days)
12. William’s %R (WR) (10-days)
13. Weighted Close (WC)
14. William’s Accumulation/Distribution (WAD)
15. Fast %K (10-days)
16. Fast %D (5-days)
17. Slow %D (5-days)
1. Average Directional Movement Index (ADX)
2. Average Directional Movement Index Rating (ADXR)
3. Commodity Channel Index (CCI)
Trend 4-6. Directional Movement Index (PDI, MDI, DX)
indicators 7. Moving Average Convergence and Divergence (MACD)
(15) 8. Moving Average Convergence and Divergence Oscillator (MACDO)
9. Sonar Momentum Chart (SMC)
10-12. Simple Moving Average (5-days, 10-days, 20-days)
13-15. Exponential Moving Average (5-days, 10-days, 20-days)
Emotional 1. Industrial group emotional variable
variables(2) 2. Company emotional variable
drole 529 IAFH 429D 8A7HA Y] T2 7IAE BF SRSk WEbA Table 2.1 2E
SZws Ee Y BEWS gro] 34%7] A oY sAP DS HEZA BAY ol 2w 3k
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Figure 3.1. Network cluster classification using Greedy algorithm.
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Table 3.1. Industrial group classification of Kia Motors and Shinsegae by KSIC and SNA

Company KSIC SNA
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Table 4.1. An example of emotional dictionary

Word Frequency Proportion Emotion
Overall Up Keep Down Up Keep Down score

YA 3A 34 9 10 15 0.2647 0.2941 0.4412 —0.1765
7V ARt 34 10 9 15 0.2941 0.2647 0.4412 —0.1471
7Fs4d 8089 3074 1900 3115 0.3800 0.2349 0.3851 —0.0051
g 169 58 43 68 0.3432 0.2544 0.4024 —0.0592
ERES 286 111 80 95 0.3881 0.2797 0.3322 0.0559
Ar5sk 4417 1814 991 1612 0.4107 0.2243 0.3650 0.0457
A5 1074 438 268 368 0.4078 0.2495 0.3426 0.0652
3t 4407 1738 1077 1592 0.3944 0.2444 0.3612 0.0331
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BAIE HdstdA w2 oS =& Hole 7AgSHolth A5 AAPER L 4854 28F5 A
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A g|Zo o5 T<5HM 715X S-S Stochastic gradient descentS S35 ZAAIE Th

A el 28t 847 G487 Jty. @S E JE 259 S 29 AR IS
T2 Borl. A EMESS X, Xo, ..., X, 08 3t S5 et EAE wi, wa, ..., w, O
g & u i AT 285 oY A5 F3 ar o 2}

o= wai + b. (5.1)
i=1

h2o A7 Wl A3 AABEY BAA AR 5 Ur B
(tanh), Rectified Linear Unit (RELU), Maxout®] 37}A]7} {1t}
tanh e A|ZRO|E o] AR AHEE & Sl E4%goln dHATe] S 1004 1
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Table 5.1. Definition of model number

L1, L2 normalization

Hidden node Epoch
0.01 0.001 0.0001
10 1-10 11-20 21-30
20 20 31-40 41-50 51-60
30 61-70 71-80 81-90
10 91-100 101-110 111-120
50 20 121-130 131-140 141-150
30 151-160 161-170 171-180
10 181-190 191-200 201-210
100 20 211-220 221-230 231-240
30 241-250 251-260 261-270

RELU @4t A2RolE AGahe the 84350, 98459 $30] 0 olsheld 02 283},
o) %2 Irhe FYsHE Frolth webd 0 o4 FolAE £HSHE F1tol

9 g2 2z EYalE7] wiEel A% S5/ merks 540 drk 94
3 Alo

14:0] 412 ofelo} 2.
RELU(a) = max(0, o). (5.3)

Maxout T4 oA AW3st RELU 349} Leaky RELU 34=& 4k}t FejQld)], Leaky RELU
T2k RELU &oll4] Q18 Al5e] F§o] 0 o]atd Aol nl& gho] 34 022 o s AF o]
3317 A He EAE Bt 2ot Maxout ¥4+ RELUS} Leaky RELU &< &jgt 7+
A A5 FF a1, axs AR B 2 3E €3k Fulolth. RELU g9 FHE a& 7}
AHA] GHE BAdhe ol AR Alat AZke] Aoke ©Eg ZHATh ) 459 FF a1, azol o
3+ Maxout &4~9] Al t}-&3} 72},

Maxout(a) = max(a1, az). (5.4)
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A% NAWEY Brols h2o 77140 YF51o] i h2o.deeplearning F4E ©]- &3t
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Table 5.12 FHES] 2L Dejdte AlEHM 2y WSE Hoat 24 Epoch g2 10, 20,
30, 37 Y =9 ZF 2YvT = 90, 50, 100, 28] L1 ¥ L2 Z73 e
0.00012 Zr& 23ty FoJst By wsolrt. Zzke] A FHZA 109
o Byg A3k AFE AR
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Figure 5.1. Accuracy for validation data and the difference between the accuracy of training and validation data.
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Figure 5.2. Kia Motors’ four-year closing time series.
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Table 5.3. Predictive accuracy and rate of return for Kia Motors on models with selected predictors

TI TI TI Bank
Predictors SNA-g SNA-c KSIC-g TI Random deposit
Epoch 30 30 20 10
Hidden layers 3 3 3 3
Hidden nodes 20 20 20 50
L1 0.0001 0.001 0.01 0.001
L2 0.0001 0.001 0.01 0.001
Activation RELU RELU RELU RELU
Accuracy 59.35% 52.03% 57.72% 56.10% 49.99% -
Rate of return 22.23% 20.82% 1.05% 1.18% —5.21% 1.5%

TI = 51 technical indicators; SNA-g = industrial group emotional variable using SNA; SNA-c = company
emotional variable using SNA; KSIC-g = Industrial group emotional variable using KSIC; SNA = social
network analysis; KSIC = Korean Standard Industry Classification.
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Figure 5.3. Shinsegae’s four-year closing time series.
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Table 5.4. Predictive accuracy and rate of return for Shinsegae on models with selected predictors

. TI TI TI
Predictors SNA-g SNA-c KSIC-g TI
Epoch 30 30 20 10
Hidden layers 3 3 3 3
Hidden nodes 50 20 20 50
L1 0.0001 0.001 0.0001 0.001
L2 0.0001 0.001 0.0001 0.001
Activation RELU RELU RELU RELU
Accuracy 60.16% 56.91% 58.54% 55.28%
Rate of return 2.36% 2.18% —18.49% —15.68%

TI = 51 technical indicators; SNA-g = industrial group emotional variable using SNA; SNA-c = company
emotional variable using SNA; KSIC-g = Industrial group emotional variable using KSIC; SNA = social
network analysis; KSIC = Korean Standard Industry Classification.
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