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[Abstract]

Stock prices are influenced by a number of external factors, such as laws and trends, as well as
number-based internal factors such as trading volume and closing prices. Since many factors affect stock
prices, it is very difficult to accurately predict stock prices using only fragmentary stock data. In particular,
since the value of a company is greatly affected by the perception of people who actually trade stocks,
emotional information about a specific company is considered an important factor. In this paper, we
propose a deep learning-based stock price prediction model using sentiment analysis with news data
considering temporal characteristics. Stock and news data, two heterogeneous data with different
characteristics, are integrated according to time scale and used as input to the model, and the effect of time
scale and sentiment index on stock price prediction is finally compared and analyzed. Also, we verify that

the accuracy of the proposed model is improved through comparative experiments with existing models.

» Key words: Stock Price Forecasting, LSTM, ResNet, Sentiment Analysis, Text Summarization

(2 o

Fohe AUE, B2 53 2 S 7P el e o W, K4 5 ol 9
20lo] o8] JFe Witk FHE adle] Frll YL vA7) Mol WAl T4 Holy
e olgd AHA T/ A5 vl olele Qolth B3l Vg9 AR AAl FAL Adeke
AgES Q4GS ol W] wEe] 54 1) o 44 Ausk FLE 20z o7
Atk B Rl AL ARH BHS 2@ 2 dolEe] By R4S og% Held sl 7}
A% RS At Bk FA0 s dele, AR B 5% 44 249 o)F HoleE
A7 A1 wek BHete] B9 GHOR AMgSY, A7 A1sk g AT b A5l
Ax 9ol U AFAom ww L BAGL £ SPE /e wdve du A9 B
Algk wel HAo] ANUSL AFET

» ZAOf: 27t 05 B, LSTM, ResNet, 2% 24, HIAE gor

* First Author: Doo-Won Kang, Co-Author: So-Yeop Yoo, Ha-Young Lee, Corresponding Author: Ok-Ran Jeong
*Doo-Won Kang (pch145@gachon.ac.kr), Dept. of Software, Gachon University
*So-Yeop Yoo (bbusso@gachon.ac.kr), Dept. of Software, Gachon University
*Ha-Young Lee (hhzet11@gachon.ac.kr), Dept. of Software, Gachon University
*0Ok-Ran Jeong (orjeong@gachon.ac.kr), Dept. of Software, Gachon University
* Received: 2022. 07. 13, Revised: 2022. 07. 27, Accepted: 2022. 08. 03.

Copyright © 2022 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



32 Journal of The Korea Society of Computer and Information

I. Introduction
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II. Related Works

1. Stock price forecasting
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2. Stock price forecasting based on sentiment
analysis of news data
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III. The Proposed Scheme

1. Model structure

2 =rolMe FE dolEY £7F K Hol& e} vl
3 HlolEfQl A Hlolg g &8st "ald 24 7|8k &
7b o 2Hlo] 728 A®ot UlAle 9= vlustal 1
AE FASHIAL gttt 27t Hlo]E e} RA Ho[HE &
st A" o8 g 27t Ax2|st 7d A RE 7

Asto e 27t AY olEo] 7hs3t RElg s,

A
Data Crawling

J-L_-| Text |
News Diata Summarization )

.____ﬂ—”'_'_ .

ek Data J——-{ Feature Selection H Data Integration ]

|

Deep Leaming Stock Price Prediction Model

Sentiment
.ﬂ.m]:.'s:s

- ——

LETM-based Model

ResMet-hased Model

Fig. 1. Overall architecture
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Fig. 2. KOSPI index chart (2020~2021)

Tl ZAfk 2L 719 5, 57} dlolElet 4 o
olEle] FET AT L] 95l 20219 @ o For

7P deol gol g 9JrteS A3t 27t ofE Y
Sto=  ASdeth oAb S 9180 Requestset
BeautifulSoup  2lojBzjele} &  QEZAAQ]

KoreanNewsCrawler{17]5 2830 20214¥ 19 =919]
Hlolw] 73R A[18]0A KOSPI AFY] 507) 7|9 So] A=
o e {28 BF 2SI 13 32 AS0] 713l
dud w29 25 A W ks Hoj&Ed SKostoldA
7} 30375712 714 Wol AigElgen], AAAL, Fpte,
LGAIAF 20 Bol AFH L Yeg BT 4 ek
2 =roMe 20219 Yoy HA| w20 7P Hol
A= A 47) 7199l SK sto|dA, AMIRRL TR,
LGRAIZ o giaros ANASKE 4719 7|0 oish
20019 19 1956 20224 49 309717] A to]efet
27t Ho|BlE F&sto] Aol &5t} w4 HoJE]
= 4yoly] Al wF2o] ARE 2+ Scrapy®t
Newspaper 2fo]|H2{2]E AREsto] FE2JIT. A& 3

0] 0. o
==



34

Journal of The Korea Society of Computer and Information

KOSPI & ¥

2| 5078 7| 20|
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3. Sentiment analysis of news data
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Fig. 4. Examples of news data summary and sentiment analysis results using Pororo

Mg Sedct

AEAor 39 e I WA det sy
o2 0z 1 Atole) 3t 7P| et 1 2R1E gold
Do) AFgstA EH oju] gt RS @47] o]Y7] whE

ol 24 X2 Wershe Aol stk 7Y U o
£310) Wol2 0-10] ofd -cocoz W} 9l 44
2 ARSI P= Pororog E5f AAtE F4(positive)
Y2, N2 F(negative)3ts UERD, Fa{dollA At
ARl Al LRO|E Gha0] Al 25(logit) s

AHERIC,

,_‘

N

> g

logit = In (%) (1)

. . n
intensity, = In (l + m) @

FA o e AR RS madshal Q7] tiEol
51]015101]’\1 S 24 o @asH % 3 71AH] 71:”2?
o £&5h= 7o oflel AR FYHE 7
L asict. 574 7|0l tigt 71A7F Hol LTETL}
i Al o5+7F ARS=S 2]y, o2t 0]1’-?% —75—
7 Haoll W T2 vAA =t A REe GAprE

kL 5HOF gt} o2 sl 4] 25 AL

Q%9 intensityS A7
E1 20229 44 300177}7<l dil 7

sentiment_index, = logit* intensity , (3)

3oz slgle =4
sentiment_index ,+=
/\}\] 12 71]1\}5] 71—/\-1 753
Aol et Ho =5 wo R
sttt 215 Al 2 Rlae
Qaigtoz wger

ol

Sy 33 o] B
/\ ] S
A

Geld A7t ol 9_%14

4. Deep learning stock price forecasting model
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Fig. 6. Stock price prediction model architecture
based on LSTM
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Fig. 7. Stock price prediction model architecture
based on ResNet

IV. Experiment

1. Dataset
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Table 1. Statistics of data crawled by company

Samsung LG SK hynix
Kakao . .
G1t2) Electronics | Electronics (SK
(&8 2h| (LG M | sfo|H )
Number | 50,35 35354 27018 26704
of articles
Number
of stock 327 327 327 327
datas
Total 39562 35681 27345 27031
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2. Experiment environment
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dropout H]-&& 0.22, 1000 epoch2S Esl &8 X188
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(RMSE: Root Mean Square Error)S &4 stz AL
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3. Results

H 2% sequence sizeo] T2 2 |oss?t AL =
vt Agfolct, Z7} UG AFEE Relo] HEEL
LSTMo| B 9F 49.6%, ResNeto] oF 50.5%% ResNet
of 7gEres} oF 0.9%F of ¥/ etk 24 AlES
ARRSE @dlo] Aste gt LSTMo] Hd 9F 49.6%,
ResNeto] F 51.7%2 ResNeto] Astwr} of =7 UE}
st ued loss 2lo] 49 LSTMo] 244 A% 2 ALg3lA]
R Uit 27 AES AESIGE UE HlmouR 2}
ZF 2.131} 2.120]H, ResNet9] 739 2.259F 2.3602
[11]o14 Agsi=ol a6 AlPdollXlE losse] Tart A&
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Table 2-1. Loss and accuracy by sequence size at
LSTM
seq_ Kakao SETEDI Eleclt_rinics hirlfix
size| A | Gpte) a:fgr%‘;f; (6 | (SK
M2 | sto|dA
loss | 2.4372 1.3591 25914 2.2903
5 loss + sent| 2.4455 1.3313 2.5881 2.2875
acc| 0.4412 0.5218 0.5001 0.531
acc + sent| 0.4412 0.5373 0.5001 0.5032
loss | 2.4385 1.2991 2.6097 2.2815
10 loss + sent| 2.4431 1.2798 2.6036 2.2693
acc| 0.4292 0.4859 0.5206 0.486
acc + sent| 0.4292 0.5046 0.5331 0.486
loss | 2.3904 1.3043 24274 2.2546
20 loss + sent| 2.3874 1.278 2.4191 2.2404
acc| 0.4949 0.4853 0.482 0.5013
acc + sent| 0.4949 0.495 0.4852 0.5013
loss | 2.4145 1.3319 2.4162 22711
30 loss + sent| 2.4072 1.2888 2.4094 2.247
acc| 0.5419 0.4882 0.505 0.5353
acc + sent| 0.5419 0.4882 0.505 0.5053
Table 2-2. Loss and accuracy by sequence size at
ResNet
Samsung LG SK
seq_ value Kakao | Electronics | Electronics | hynix
size I7tR) (A (LG (SK
) 4zp) | spo|d4)
loss | 2.6438 1.4579 2.7204 2.3841
5 loss + sent| 25355 1.5318 3.1424 2.9762
acc| 0.5161 0.5216 0.5218 0.4877
acc + sent| 0.5527 0.5311 0.531 0.509
loss| 2.5995 1.2817 2.7107 2.4698
10 loss + sent| 2.5837 1.2819 2.7937 2.6765
acc| 0.4858 0.4951 0.5553 0.5078
acc + sent| 0.5488 0.5046 0.5237 0.4889
loss | 2.8084 1.3087 2.5362 2.367
20 loss + sent| 2.6822 1.3284 2.7009 2.4095
acc| 0.5538 0.4427 0.4335 0.5377
acc + sent| 0.5505 0.4883 0.4657 0.5538
loss | 2.6231 1.2617 2.4348 2.3957
30 loss + sent| 2.5649 1.4601 2.4249 2.7539
acc| 0.5252 0.5253 0.5151 0.458
acc + sent| 0.5487 0.4578 0.5253 0.5016

KIE% *}%‘1‘12 T2} loss@t 7g=f
W2 molsto]
STMJ %ﬂ loss= 9F 0.7%
@QE% oF 0.06% Z7}5Hict.
% Z7VstaR|ut W A

SEE o 27% Z7119S BA 2 Utk ok 57}
of 24 A& Abolo] Bre uIMA wEe LSTMO]
235K 2L, ResNeto] 55 A9 €

o o Hold 452 7Hnta 2.
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Table 3. Loss and Accuracy Growth

Kakao Samsung LG SK hynix
Model Seq_size G1t) Electronics Electronics (SK Avg
(A ™2h (LG ZZp) sto|4q2)

5 0.341 -2.045 -0.127 -0.122 -0.489

10 0.189 -1.486 -0.234 -0.535 -0.516

LSTM 20 -0.126 -2.016 -0.342 -0.630 -0.778

30 -0.302 -3.236 -0.281 -1.061 -1.220

Increase of Avg 0.025 -2.196 -0.246 -0.587 -0.751

Loss(%) 5 -4.096 5.069 15.512 24835 10.330

10 -0.608 0.016 3.062 8.369 2.710

ResNet 20 -4.494 1,505 6.494 1.796 1.325

30 -2.219 15.725 -0.407 14.952 7.013

Avg -2.854 5.579 6.165 12.488 5.344

5 0.000 2.970 0.000 -5.235 -0.566

10 0.000 3.849 2.401 0.000 1.562

LSTM 20 0.000 1.999 0.664 0.000 0.666

Increase of 30 0.000 0.000 0.000 -5.604 -1.401

Accuracy Avg 0.000 2.204 0.766 -2.710 0.065

%) 5 7.092 1.821 1.763 4,367 3.761

10 12.968 1.919 -5.691 -3.722 1.369

ResNet 20 -0.596 10.300 7.428 2.994 5.032

30 4474 -12.850 1.980 9.520 0.781

Avg 5.985 0.298 1.370 3.290 2.736
ESF LSTMO] 4% sequence sizeZ} 109 o oF o 7 A &ojAf 7MY antsoz il F&5% 4 Q=
1.56%, ResNet9] 73% sequence size7} 204 ©f 2F 5%  sequence sizeES AA|GiCt= Zlolct. 31X|gE AFojjA] 4
2 BT 4580 7P Dl UERESS HAR 2 9 ) JIQee Abgstel AumlE F507 thRel §
o}, ol wHlo] Fxof mwef U9r2 sequence sizeZt OF A& Al2] =7} WojAIck= Aol 9lon], TSt 27} R &
= U 4 A % Z71et Aute AMRSIgY] tieo] =/ 3% &
7h &g s 22 O AAA R Bs 125HA] 1ok
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