’m Check for updates

Journal of KIIT. Vol. 22, No. 6, pp. 1-12, Jun. 30, 2024. pISSN 1598-8619, elSSN 2093-7571 1
http://dx.doi.org/10.14801/kiit.2024.22.6.1

ZAAEAI GRU B 7|9k 7R o= 9 B4 323
200 oA /882 FAlL

utt

of

2
of | %2 ub

y 1

-1

18
I
x-_\
ﬁ
Of
a

g

o

* %

r

Stock Index Prediction and Analysis based on Sentiment Analysis
and GRU Models: Focused on KOSPI 200 Energy/Chemicals
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Abstract

Since the COVID-19 pandemic, the volatility of the stock market has increased. In the past, there was a tendency
to predict stock indices using financial analysis and statistical methods, but recently, attempts have been made to
predict stock indices based on artificial intelligence technology. This paper focuses on predicting the KOSPI 200
energy/chemical stock index for individual investors using sentiment analysis and GRU and LSTM deep learning
models, and then evaluates their performance. To achieve this, news data was crawled and sentiment analysis was
performed using Naver Clova API and KR-FinBERT-SC. The derived sentiment scores were combined with the stock
index and applied to each deep learning model to improve prediction accuracy. As a result, it was found that the
GRU model is more suitable than the LSTM model for predicting the KOSPI 200 energy/chemical stock index.
Despite using data from a limited period, the combination of sentiment analysis and the GRU deep learning
algorithm improved prediction accuracy.
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Table 1. Coefficient of determination by weight

stock News securities | LSTM GRU

weight | weight [firm weight| () (R
0.8 0,05 0.15 0.67641 0.82516
0.7 0,05 0.25 0.70161 0.79966
0.6 0,05 0.35 0.68615 | 0.84627




8 R} GRU 8 /W] /b5 A% % #4: 32

I:H 74 ~ 71|

Table 2. Coeﬁ|C|ent of determination by epoch

epoch GRUR?)

1000 0.86412
5000 0.89817
10000 0.8%471
100000 0.91659
200000 091054
300000 091382
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Table 3. Coefficient of determination by time steps,
periods

(leaming days, prediction days) GRU(R?)
(52) 086412
(102) 0.85355
(10,5) 0.84449
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Table 4. Result Values for GRU and LSTM
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LSTM | 11.780 | 15486 | 0.0170 | 091049 | 122m
o] T mHo| §A% H¥e Bl o)t F
9 BF AAY dolHE Aused mngel

7

RNNS| #E mdol7] wjZoltt &A%t B& ¥
A ®ol|A GRU Edo] LSTM EdHG FI7A4
o 2o A3et Azl TEFHAUTE AA, GRU =
48 LSTM EdHTE 0617 T Y& MAES 74
M, o] GRU Ed9 dZo] HHFHo=z AA 7
o o 7Mthe A Uehdo 4, GRU g2
LSTM =93} HwsldS uf 0696 © & RMSE
710 l.g_o:} GRU ura]o] x%u]—;ﬁo] 01] 4;}.1:7]_ 131
T8 L}EME} AR, GRU 2d& LSTM 29
s ms} S u § =& R Ho] EEHAT 9]

3 200 ANAA/Es FHEE

= GRU 2do] tlojee] o §2 #4ke dnst
HolHE t 2 AdS ovgdtt YA, GRU
do] LSTM EFRTH of 4% T & At 5
kS gtk webA, vS3k S uH
= S ARtel H &L GRU Edo] ZAAEA
43t RS d Sl o sttt & f
AT ol B Aol AHET 54 HlolEAH

-

X0
e

HAe) 23 2AY % gonl, B 2ol 1
SlE AN HE T9 83 Lol LSTMO] B 34 A
52 8 % 9o

1700 A

1600 4

)

1500 1

1400 1

N Stock-Sentiment Combined Index
[N Prediction

1300 1

1 O L ® ® ' o® ® A0 _Ad
2 1013 107_3 107_3 U RIR R L RN i gt

.0"
>
TaliiN 2

120
Date

(@) GRU

1700

1600

1500

1400

I Stock-Sentiment Combined Index V“ {
1300 4 [N Prediction NI
o> Lot 0> ,o* % o® ol _o® o a0 AN
10'1«3 1077" 107?" »Lo'f’ »Lo'f’ 10’1-3 »Lo'f’ 10’1-3 1077" 10'13 107-’5
Date

a8 8 olE A

Fig. 8. Prediction results

3 2] tlolEE tdd Aol Rl
Ay, HAY, F71 tﬂOIEH Hl &S 2435t #-
Aol e Axel JYFYES aHor Haslelal

83 vlolE Y % Siglstd olgst A
Al 176 ZZHAE T 7€ AT25]90A A7) E
Tdol Akl 4%



Journal of KIIT. Vol. 22, No. 6, pp. 1-12, Jun. 30, 2024. pISSN 1598-8619, elSSN 2093-7571 9

LSTM¥} GRU E9& F7} dojeout 283k
A= F 59 39 904 Feld & 9t

5 F710HS diedst mElnl M BEMILS ZEst
Zelo] Az

Table 5. Results from a model that includes only stock
price and a model that includes sentiment analysis

Model MAE | RMSE | RMSLE | R
St‘ick GRU | 11.163 | 14790 | 00162 | 091835
senlt | st | 11780 | 15488 | 00170 | 091049
ment

GRU | 18103 | 24024 | 00157 | 092044
stock
LSTM | 18138 | 24.116 | 00157 | 092188

1700 A

1600 1

1500 A

1400 1

N Stock-Sentiment Combined Index
[ Prediction

1300 1

1 ® ~
’Ldf) 1013 10”‘3 1013 1013 2 1013 ’Ldﬂ ’Ldf’ 'L‘ff) 1013
Date

| JF\“ P{\“H N

1700 A

1600 1

1500

1400

I Stock-Sentiment Combined Index
_ Prediction

1300

’L ‘: A0 A
'L“f) 1013 107'3 107'3 1“7'3 10"'3 107'3 'L“f) 1°13 107'3 169
Date

(b) LSTM
J% 9. FJt dlo[E{2t2 AESH olE AR
Fig. 9. Prediction results using stock price data only

l

Biorok rlu

AAIgE Abole] B QAHE YW, RMSEE
LaE o A wgste] Ao FEde Bt
ot 53] F7} dSAe o5 LRl ek 1z
7b ol S83H, ol Frbel WAlE ME8e
H3k Zold. o]+ 24
o] 4% W3t ¢ ‘{Zﬁ}ﬂl etz
LSTM¥*} GRU E¥
do] Z+A 7)bl 24
g 0.92188)S H
#2 Mg e gl
old Avh: mdo|
Aete JPsAS YEsta

il

N o
e

B o
d EMEE X

o

2

o
Ir ot

o

i, m{o
N
N
)
=
o
o

NS
= p
A
oo
r

b = o' o= 2 j=8¢) THAE

T3 oS 2do] F7} HolHTE 53 R
RS B TE MAESF RMSEZF WA Usiths A
o] mdo] A= FloJEe e § & JuksiE
FAge Ade Edue Ae rdnt ot %
4 EN%e 23 77 AF Zdo] Al F71 9

2 A7 vAY dolHe A HoHE &8
st 48A3 GRU Ed3 LSTM 2 7]Hke
TG dE 5l 2485, ol& 9l 2023 1
ARE 99 3097449 717t B AEE S
om, CLOVA StudioE Z-g3te] HolHE 293}
%t} =3 KR-FinBERT-SCE ©]-§3l 74 Exqg
A3t olgA Ed A A TS
Agstd F71 4 2ds AT

2 A7 Ade F7EAE A5 o] A
Mol &8 rteAdes gUsiat ole AR E
=d 283 9% 8
FAH LEy E A 49
V]*r«] H1Z, H1A4E dlolE 9 HlF,

H| = Wt 1 A5 T4 ﬂ—g};‘g
3 At o= 7 HolE Y FLE
ghgstes 2ol FHAg 59 @ﬂEE
FAAR] gadhe He AARR
AFAE GRU 223 LSTM 2E 9
ANste] GRU Edo] F7kx|<5o) o

_{
:L
e oo
M ol-n
ol
O

m[o é
HI Jm
0

ofo
Ol
_{
¥o oX
1:110 m[o

HE 2 Y ol e
i) !
o =
E
2 1 .

=3

rlr

n)
Il

X,
off 5]

. (&
1%
o



10 Z#AEA 3 GRU 29 7ike] F7pA oS 8L 4 I

& odF RHEA £ O BEFE A Hoit}
LSTM3} GRU Ede] Hlmd| #Ag AHe o
d+=d, 1 F LSTM¥} GRUES &8sk =z v
ol o A6l mEY, F EE 2T 44 b
o|E|9} frAlstAl HolA|qk LSTM Z2 Afdle 3
At tHﬁMl 3 <>4]~~ 6}1 F3h= W, GRUE

o] 77} Ao Z Fe AL GRU Edo] T
E&Aolgte Aol HeAt AAE T Al
2H GRU Edo| LSTM Edof Hls| zzi]E
s} A7) wEe] BgraA @ e dolEelA o o
o A% WA 5 YT RISATRT. 8
3

=z
=
A% g7t A FS MAESH RMSEE E3) GRU =4

=

o] LSTM Ed¥HT} o 035 HYOSIZH &2
ASREE JehlE Ao Usith Agrt GRU &=
g2 1 STM Edo] H oH a3k A4 ATl Fe
Aoz Yely, E&29 ZHIHE 43to] =
WTH28]. |9t Z& ﬂ?v;—"% GRU mdo] 944
S Yot e A7, B AFAE vzt
AZ GRU 29| $-FAS %1%—3}711 Aok
H

3k
ok AR, B AF7E 200399 @49 7179 tlo]
Bl Z83tnh webA boke A7y dolEE
283 F7H4<l °4¥7} éﬁow} =X, & A7l
E%o}%lt} o}XlUJ 55

4 glomE of

References

[1] M. K Kim, "The COVID-19 Crisis and the
Recent Increase in Demand for Stock Investment",
Korea Capital Market Institute, 2020.

[2] M. K Kim, "Individual Investors in the

¥ 200 AA/8eHe FHOE

COVID-19  Phase
Investment Per- formance", Korea Capital Market
Institute, 2021.

Investment Behavior and

[3] S. Hong, "Research on stock price prediction
system based on BLSTM", Journal of the Korean
Convergence Society, Vol. 11, No. 10, pp.19-24,
Oct.  2020. https://doi.org/10.15207/JKCS.2020.11.
10.019.

[4] J. Heo and J. Yang, "Stock price prediction using
SVM-based financial information", Journal of
Information Science and Computing Practices, Vol.
21, No. 3, pp. 167-172, Mar. 2015.
https://doi.org/10.5626/KTCP.2015.21.3.167.

[5] J. Y. Park, J. Ryu, and H. J. Shin, "Predicting
KOSPI  stock index wusing machine learning
algorithms with technical indicators", Journal of
Information Technology and Architecture, Vol. 13,
No. 2, pp. 331-340, Feb. 2016.

[6] M.-S. Song and J Min, "Comparison of stock price
prediction using time series and non-time series
data", Journal of the Korea Society of Computer
and Information, Vol. 28, No.8, pp. 67-75, Aug.
2023. http://dx.doi.org/10.9708/jksci.2023.28.08.067.

[7] Y. Kim, N. Kim, and S. R. Jeong, "Stock-index
invest model using news big data opinion mining",
Journal of Intelligence and Information Systems,
Vol. 18, No. 2, pp.143-156, Feb. 2012
https://doi.org/10.13088/J11S.2012.18.2.143

[8] E.-J. Kim, S.-G. Chang, and S.-Y. T. Lee, "Big
data news analysis in healthcare using  topic
modeling and time series regression analysis",
Information Systems Review, Vol. 25, No. 3,
pp.163-177, Mar. 2023. http://dx.doi.org/10.14329/
1s1.2023.25.3.163.

[9] S.-W. Ahn and S.-B. Cho, "Stock prediction using
news text mining and time series analysis",
Korean Society of  Information Scientists and

Engineers Academic Presentation Papers, Vol. 37,

No. 1C, pp. 364-369, Jun. 2010.

[10] Y. L Jang and Y. S. Jeong, "Prediction using a



Journal of KIIT. Vol. 22, No. 6, pp. 1-12, Jun. 30, 2024. pISSN 1598-8619, eISSN 2093-7571 11

machine learning with news headlines for a

COVID-19
pandemic", e-Business Studies, Vol. 23, No. 4, pp.
237-255, Apr. 2022. https://doi.org/10.20462/tebs.
2022.8.23.4.237.

[11] E. A. Jang, H. R. Choi, and H. C. Lee, "Stock

prediction using combination of BERT sentiment

pharmaceutical ~ company  during

analysis and macro economy index", Journal of
the Korea Computer Information Society, Vol. 25,
No. 5, pp. 47-56, May 2020.
https://doi.org/10.9708/jksci.2020.25.05.047.

[12] J. W. Hyun, J. 1. Lee, and H. K. Jo, "Sentiment
analysis of news on corporation using KoBERT",
Accounting Research, Vol. 47, No. 4, pp. 33-54,
Apr. 2022. https://doi.org/10.24056/KAR.2022.08.002.

[13] S. Lee, H. Jang, Y. Baik, S. Park, and H. Shin,
"A small-scale korean-specific BERT language
model", Journal of KIISE, Vol. 47, No. 7, pp.
682-692, Jul. 2020. https://doi.org/10.5626/JOK.
2020.47.7.682.

[14] KR-FinBert-SC, https:/huggingface.co/snunlp/KR-
FinBert-SC [accessed: Dec. 13, 2023]

[15] CLOVA Studio, https:/ncloud.com/product/aiService
/clovaStudio [accessed: Dec. 13, 2023]

[16] J. H. Jang and J. Y. Kim, "KOSPI prediction
based on news sentiment analysis using

KR-FinBert", Proceeding of Symposium of the

Institute  of  Communications  and
Information Sciences, pp. 1142-1143, 2023.

[177 N. H. Choi, K. S. Kim, and H. S. Jang,
"Prediction of initial price formation and impact

Korean

analysis of public offering stock listing date using
news and comment text: based on XGBoost", The
Korean Journal of Financial Management, Vol. 40,
No. 1, pp. 81-104, Jan. 2023. https://doi.org/10.
22510/kjofm.2023.40.1.005.

[18] T. Y. Lee, "The Effect of Investor Sentiment on
the Real Estate Market and Stock Market : with a
Focus on Unstructured Data and Vector Error
Correction Model", Ph.D Dissertation, Graduate
School of Kangnam University, 2020.

[19] H. Kim, G. Joo, and H. Im, "Product category
classification using word embedding and GRUs",
Journal of Korean Institute of Information
Technology, Vol. 19, No. 4, pp. 11-18, Apr.
2021. http://dx.doi.org/10.14801/jkiit.2021.19.4.11.

[20] H. S. Jang, "Reduction of 3D information noise
by using LSTM network", Journal of Korean
Institute of Information Technology, Vol. 19, No.
8, pp. 91-98, Aug. 2021. http:/dx.doi.org/10.14801/
jkiit.2021.19.8.91.

[21] D. Shin, G. Choi, and C. B. Kim, "Deep
learning model for prediction rate improvement of
stock price using RNN and LSTM", Journal of
Korean Institute of Information Technology, Vol.
15, No. 10 pp. 9-16, Oct. 2017. http://dx.doi.org/
10.14801/jkiit.2017.15.10.9.

[22] C. Kwon, "A Complete Guide to Python Machine
Learning", Revised 2nd edition. Wikibooks, 2022.

[23] J. Hwang and C. Kim, "Deep learning parallel
model to improve stock price prediction rate using
technical analysis and environmental factors", The

of Korean Institute of Information
Technology, Vol. 21, No. 11, pp. 53-61, Nov.
2023. https://doi.org/10.14801/jkiit.2023.21.11.53.

[24] Y. Kawk and J. Huh, "Random augmentation

technique for mitigating overfitting in neural

Journal

networks for financial time series forecasting",
Journal of The Korean Data Analysis Society,
Vol. 25, No. 5, pp. 1653-1669, May 2023.
https://doi.org/10.37727/jkdas.2023.25.5.1653.

[25] H Kwon, "A Comparative Study on the
Effectiveness of Sentiment Score and Prediction
Model in Stock Price Forecasting”, Master’s
Thesis, Inje University, 2023.

[26] M. Lee, D. Han, J. Bae, H. Seo, and W. Na,
"Programming language prediction using LSTM
and GRU", Proceedings of the 2023 Korea
Communications Society Winter Conference, pp.
373-374, 2023.

[27] J. Kim and Jang. Y. Kim, "Comparative analysis
of the performance of BI-LSTM and GRU



12 L4 GRU 29 7)) F7pA5 o5 3 24 I

algorithms for predicting the number of confirmed
coronavirus  cases", Journal of the Korea
Information and Communication Society, Vol. 26,
No. 2, pp. 187-192, Feb. 2022. http://doi.org/10.
6109/jkiice.2022.26.2.187.

[28] S. Lee and K. Kwak, "Development of a demand
prediction model for public bicycles in seoul using
the GRU technique", Intelligent Information
Research, Vol. 28, No. 4, pp. 1-25, Apr. 2022.
http://dx.doi.org/10.13088/iis.2022.28.4.001.

[29] H. Song and H. Choi, "Forecasting stock market
indices using the recurrent neural network based
hybrid models: Cnn-Istm, gru-cnn, and ensemble
models", Applied Sciences, Vol. 13, No.7, Jul.
2023. https://doi.org/10.3390/app13074644.

[30] S. Narayana, S. N. D. Sri, S. R. Kumar, T. Ajay,
and S. S. Vasiq, "Predicting the stock market index
using GRU for the year 2020", 2024 International
Conference on Emerging Systems and Intelligent
Computing (ESIC), Bhubaneswar, India, Feb. 2024.
https://doi.org/10.1109/ESIC60604.2024.10481534.

SN

of

oF & Al (Hyeok-Jin Yang)

2019 3¢ ~ EA : AFugty
AFHuSH FAHA

TAEF : AHAE, AFAT,

Hjd|o]E{ A}, HloJEjrtol

x| Z 9l (Jong-Min Choi)

2020 3€ ~ @A AFoiga
e %3} oA

A Hof . AHWS, o FH T,
AFAF, HElo]H A

oK

¥ 200 AA/8eHe FHOE

gk 2k & (Chan Jung Park)

1988 2€ . A73thsta
AR A e E 8

19909 2€ : KAIST H4ksts)
(FEHAAR

19989 2€ A7 dista ok
ZAAA e F 8 AR

1990 3¢ ~ 1994 2€ -

ZEJoATFA AYAT

1998'd 2 ~ 1999 9¢ : =54l HE|H AT A

FHEY &

20113 1€ ~ 20119 122 : UC Berkeley -#8H7}

20134 49 ~ 20154 29 : AFUE Y n&HIFATA
A%

19999 9€ ~ Al : AT}

HAEof : STEAM, 7]<7]4h
A, dlo]Ente]y

<

ARE TS} 35
%, o FE|=, HEol

ol
A



	감정분석과 GRU 모델 기반의 주가지수 예측 및 분석: 코스피 200 에너지/화학을 중심으로
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 주가지수 예측 프로그램 설계
	Ⅳ. 구현 사항 및 분석
	Ⅴ. 결론 및 향후 과제
	References


