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[Abstract]

The Golden Cross is commonly seen as a buy signal in financial markets, but its reliability for
predicting stock price movements is limited due to market volatility. This paper introduces a
time-invariant approach that considers the Golden Cross as a singular event. Utilizing LSTM neural
networks, we forecast significant stock price changes following a Golden Cross occurrence. By comparing
our approach with traditional time series analysis and using a confusion matrix for classification, we
demonstrate its effectiveness in predicting post-event stock price trends. To conclude, this study proposes
a model with a precision of 83%. By utilizing the model, investors can alleviate potential losses, rather

than making buy decisions under all circumstances following a Golden Cross event.
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I. Introduction

A AP gAY dlEshe Al 49, AR oY
2t 2T A~ ZoplE 2 Bde] diidolnt. ol
CloFst B 7|HEo| SXfsI=Y|, £5] RNN#F LSTM[1],
ANEE HE HASVM)} Zo] 23 o [HIXE ALEst
o o5 R J5s 1LEslsle AlEE = 4 T

A AlRE LEQML SHAAME of2f A5 ot
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analysis) 2]of 7|2 E’ﬂ. A HE(fundamental analysis)&
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II. Preliminaries

1. Related Works

1.1 Golden Cross and Death Cross
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1.2 Time Invariant Analysis
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2. Technical Analysis
2.1 Golden Cross and Death Cross
ZE=322(Golden Cross, GC)= ©7] o]z AXl0]
A7) olSHRNEG YO Euhe AHE Aste
golz Ol uiar Az 7HRRit. @7 ol gatAilol o

Al 771 ol S steR HojAl= Al Hl2a3

ZA(Death Cross, DO)=2, U= Alg 2 7FR3H}[10]

2.2 Moving Average
n U7k o]z wH{Moving Average, MA)Z (1)2] &
Alog mAL, A4 7kt F719] F2 A3 Aok

Pn*1+Pn*2+'“ +P0

MA, = - (1)

n n

2 Aol 5 o5 @] 209 ol WAL A%
02 Emkle AAS FEIRA AF0R 73 [7)
2.3 Stochastic
NS ECERL ER BT EX B R}
st xmolch. (2)0) A0, 717t U 1718} A7} Alo]
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Praxn = Prinn

9%Kzko] 80 olfo]@l Tfuf4 AehS LERRLL 20 ofs}
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2.4 Relative Strength Index
A7t = X4 (Relative Strength Index, RSI)= AET
AElsh &) stoh, HONES WP ofEt RalE Al

2 54 714 exl99 49 WSS AR

Ndown

(3)2 RSI gto] 70 ol4golH whafis, 30 ofsto]H iuj
= RS UEhd. [11]

2.5 Moving Average Convergence Divergence

o|l=H+ 4HsMHMoving Average Convergence
Divergence, MACD)L Z7}o] E=ItE dlg3lr] st
AE2 EMA 12(27]0155 342t EMA 260371015
A)e] Atolz mAH: [7]

2.6 Rate of Change

Hal2(Rate of Change, ROC) #1719] 57 A}
Q= Aol Al FAIE AN o Y 4 Q= A
12, (6)oZ BIHEC]H

C —

C’*"
ROC, = ———""5100 - (6)
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0% 7JE0R Yrold AF 4%, S4old sf2to] &

Alolw, 2 ol w2t FA19] F=S YERdc: [12]

III. The Proposed Scheme

1. Model Structure
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Fig. 1. Model Structure

2, Data and Variables

2.1 Data Setup
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Table 1. List of Stocks for Analysis (2023.07.10.)
Market cap.
Issue Name Industry (Trillion KRW)
Electrical&
SamsungElec Electronic Equipment 417.287
SAMSUNG BIOLOGICS Medical Supplies 51.174
LGCHEM Chemicals 46.308
HyundaiMtr Transport Equipment 43.152
POSCO Holdings Iron&Metal Products 33.828
NAVER Services 31.989
KBFinancialGroup Other Flna.nual 18.763
Companies
Samsung C&T Distribution 18.577
SAMSUNG LIFE Insurance 13.280
KEPCO Electricity&Gas 12511

2.2 Indicators

Table 2= FA0IA AREE HAE A2fst mO|T
‘Open, Close, Low, High, Volume, %K, RSI, MACD,
ROC9] & 971A] §14 5 mojd A7 0.9 o)l
H4 371X](Open, Low, High)g AlQlgh & 671X]2] ¥4
2 ©£&519ch E£35h ZTEIZA 0]s ol JHA A
o I} &5 845 Hshr] sl 10AZY o]ee] HetE
ER519t{13]. @efA ROC(Rate of Change)9] -,

ZE32x AN 109710 57} HEMHETNS = W
o Eﬁ]—s}_ﬂ( ), 54 ¥Lols ZEIEA 0]F 10¢7He]
77} wiotg-e EFTITHE). ol (B)olAE BEIRA W

4 59 Z712 2ofel) Sl T2 APIE Bl
G close) C/,,, close
ROC, = —Helose)  Ztonledose) oy .. (7)
q —n(close)

Table 2. List of Indicators

q (close) —

Ct —n+1(open)

ROC, =

v =

*x100 - (8)
q —n+ 1(011(171,)

3. Methods

3.1 Extraction of Golden Cross Point

FEA2A KRS Adsh] 9Js] 52 ol g0l 20%
o= A4S AISF Zafst= URHHY] EEI2A XA
e 250190 FEIRA AHL 59T} 2098 R
st= ©@7], 2021} 60¥-E H|wsk= %7], 6041 100Y
EE 12098 Hlashs A7) BEI2 AT Qi 2 o
oAMe [11[14]5 Asty ] 322 Afor &
Eollt}. sedes Uy /\P‘*iiﬂ 71 Yol o]
=3 719] o=y} BhAlsk= Ao.2 aistgitt o]
of WindowS 1002 A|Ast1, &5 AR
oh Wbl 71 WiBe RASIES sl 1 2
10789] E=ollM AEAPE LA AR
7ho) BEIRA A HlojElg 2t
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Model Architecture

E324% 27} o) ARI0Z At
3 77} Walg g olEstuat dick. g Al 3
= Aeshs ol g5t 271 oI5 ZPolM =
S =9 dol= LSTM(Long Short Term Memory)2
AFESIH15]. 7 BEIRA oA 10971) AASE
S LSTM 228 E5) a&ste, sl A9 /\]—ruo] u}
GE TR A7let 100 & A7te] Wiste S ojEdict
olujo] W3s}-g(Rate Of Change)2 {(10¥ 5 A|7l/=
S22 99 APD-1110002 ARFSIHLY.

Qe sk5 Al & 5107H9] ElolE oA RANS &
£, W7} dolElg 822 WASIAC ANt Fhat
Adame, @Alskaal MSES AR851gch AJAsH Etﬂ

S RMSE, MAEZ §&A8 ZAZ519 1, batch size=32,

MU

rn -

0
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2

}
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Value Description
Open Opening Price
Close Closing Price
High High Price
Low Low Price
Volume Trading Volume
%K %K = (Pclose - Pmin n>/ (Pmax n_ Pmln n ) X 100
RSI R, = 100— 100/ (1+ R,), R, = nup/ndo“l,”
MACD MACD = EMA,, — EMA,,
roc, = S~ %100
ROC(Rate of Change) N C,_ '

t—n
(ROC over n days, t=current price)
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epoch=10022 d7sIItt. Dropout 0.2, 27|58
(Early Stopping) &710 & WAgS YA|6IAT. E5F &
1g 1008] W18 QFHE RS AL8SIo] st 4 g
w9} vl e e 106 0t 109 3 Alojo] ¥
5182 BU 5o F28 AAY vES 5
C}. Adam optimizer, MSE loss functiong AM-5I3 1L,
batch size=30, &% 0.001, Dropout 0.1, &7|&&8
(Early Stopping) £710.2 300 epoch& &h5o}eict

IV. Results

1. Golden Cross Prediction

2l Aels &l golden cross o]¢ &7t Heta= I
E5titt. olnff, 2 A-tolA FQtste wHa} 7]Eof &
2 A= AAE wHute] BH 52 vl Al
AG 2] 4% AP AR 5559 109 A] HolEl&

5242 9y sk

Table 3. Evaluation of Time Series Forecasting Models
for the Entire Period

Model RMSE MAE
SamsungElec 2.82 2.18
SAMSUNG BIOLOGICS 2.58 1.94
LGCHEM 5.42 4.07
HyundaiMtr 3.38 2.43
POSCO Holdings 2.89 2.17
NAVER 3.46 2.6
KBFinancialGroup 2.71 2.05
Samsung C&T 1.97 1.49
SAMSUNG LIFE 3.94 2.49
KEPCO 2.36 1.72

Table 4. Evaluation Models after Golden Cross

Model RMSE MAE
SamsungElec 2.68 2.09
SAMSUNG BIOLOGICS 1.51 1.17
LGCHEM 5.92 4.77
HyundaiMtr 2.74 1.91
POSCO Holdings 2.49 1.99
NAVER 3.16 2.43
KBFinancialGroup 2.52 1.94
Samsung C&T 1.77 1.34
SAMSUNG LIFE 2.77 217
KEPCO 3.36 2.03
Proposed Model 2.61 1.94

AR, FA71ZF (2013.06.30-2023.06.30)0] st U
HehHROC)e SFE= o5 vl B, AAIE

9 5 AFMAY ABATC] RMSEY MAEZ} 747}
2.36/1.72, 1.97/1.499& Ho|t] E} £& ] 243t A
=9 HAKTable 3.). T}20 2= Table 4.5 &3} ¢4
o5zt & 717 U FEI 2 A7 WAISH GRi] e £ 2
Hg WStk 1 Ak, 71E AAIE 22 5 RMSEof|A]
Aduto] @ 2 A1 A(1.51), AdE4H1.77), MAEOA =
Aduto] @ 2 AA(1.17), Ad=4H1.34)0] =2 455 &
¥t 2L 717t Proposed Model®] 739 RMSE®Q} MAE
ol 2.61/1.94= UEPGT ZEA02 53924 A9
o] Hekg o F0of tisiAl= RMSERF MAES 5% 112st
¥E T Proposed Modelo] AHduto] @ 2 RA1A - KBE-§,
APJ2AL 0]Q]0] AT R0 o 2L Aio] Hole &t

l-O

o

rr

o o LY =2=4dH o 71 L Oo =
QI8 & Qloick. g, FEHe] A9 MAVIZ wake

ASoHE £L 4T Beor, BEIZA WY U
71F d5olAE 1 4Tt ojugt AE F8e sls,
Fig 2, Fig 3, Fig 404 Abgulolo s, d2A
2, 249 ROCZION Thet AAIY ol 52 Ueha 9}
©ouj, Date} ROCES 717} x&i} y%0.2 A3t ROC
JEjmg 53 WY Folg Helsty, BEIRA WY
AROA H REET oS3 UEES 22 W,
Ao| 5 Ao BII5}C). Fig bt BEA2A o¥lE
2 A F3olo] A% B £ 2Y AYS Yehd
Zoltk. FEARA WA AolAo AAZ xE, 5D
ROCZES y%0.2 Ag3lct. Fig S0l oflE WAy A
Aol Ofgt A WS o5 WEES 22 84, WA

o] Jejng mr|stgi).
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Fig. 2. Time Series ROC Prediction(SAMSUNG BIOLOGICS)

ROC Prediction (812 24%) : Time Series
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Fig. 3. Time Series ROC Prediction(KEPCO)
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ROC Prediction (4449  Time Series

EXEY a0t o mei0 20 mez ot o 2210 250 maior

Fig. 4. Time Series ROC Prediction(Samsung C&T)

ROC Prediction : Randomly Sampled

Fig. 5. Event Driven ROC Prediction

2. Binary Classification Evaluation

pelo] 5848 A58 S5l olfl B BAZ A
sto] =-=d8H(confusion matrix)E& =&t Table
+ 258E0 e A, Ads, JYE, Fl score
5= HEH #o|o}. Thresholdg 002 47 6}04 dq=d
WS & BN P2 B9 44, 329 A9 sle
2 QAlskY 77t 11t 0 5tIC} Proposed Model
2 At 88%, M 88% AUE 83%Z Fl score=
B5%S ¢ 4 ook Mg FAE Fad AeE
AR O, ARE A4 AEE Fojo} st 28 dlo]
B0l Za3t xlaEolth AAY &% Relt ulasigie
o, Proposed Model2 A&z Afdg, ALUE, Fl

score BFO|A @45t £X|5 HCH

lo

s

Table 5. Classification Metrics Comparision of
Time-series Models and Event-driven(Proposed) Model
.. F1
Model Accuracy | Recall | Precision
Score
SamsungElec 0.60 0.50 0.83 0.63
SAMSUNG
BIOLOGICS 0.70 0.50 0.67 0.57
LGCHEM 0.67 0.75 0.60 0.67
HyundaiMtr 0.83 0.83 0.83 0.83
POSCO Holdings 0.69 0.86 0.60 0.71
NAVER 0.71 0.67 0.67 0.67
KBFinancialGroup 0.67 0.67 0.57 0.62
Samsung C&T 0.77 0.83 0.71 0.77
SAMSUNG LIFE 0.80 1.00 0.73 0.84
KEPCO 0.85 0.67 0.80 0.73
Proposed Model 0.88 0.88 0.83 0.85

Lol A8/d= B7tst
E32 A7} %‘OH 10041 % o]% ¥s}5o]
g5 4o 407102, 40%2] ES Helch a}; B
odoAe ZFEIZA 0]F HglE oS AT A
olg} ol&slS I A Aol 0‘01‘-* 719(Precision)7}
3 4271 5 35710, of 83%9] & £ VAT &

T =
9JcHFig 6.).
Predicted Class
Positive Negative
Actual Positive 35 5
Class Negative 7 53

Fig. 6. Confusion Matrix

V. Conclusions

2 AN ZEARA o|F S|
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WSS o Soiint. 35 HEido =
of met ARl 552 wHERt AAIEY Aol ofd,
time-invariant gt OJ¥E Tjo]] X743 Grxo] oA
L2 S H5tuA} 519t} RElo] et = RMSE 2.61, MAE
1.942 =2&|9lt). o]F Foll AAIE = S5st 107 B
% Mg ALg 4ozl 77H0] vlsl Ads-0] Holuth= A
A9 51ol3lAAT}). wot 7}AF 2 gh=o] RAlo] Saf ofArS
T TAME 71E AAE 28 O] =2 A
SOl JutE Boloh mebA HA| A7
352 ‘?_0"53& AAQ SHGED FEI2A AR A%s}
o] e53t 9] 50l ZeIEA AR WA o] & et
& léoﬂ 51 o= 285 UZ & o g, Mgkt
GHo) &5 HojH 74 oF 430712 oA A i7]o]
of. ot 2 @?OﬂﬁL 7189 AAE 2t v|wE A
Jsl7] wizoll AIAE oll% s fAlol Bast AA 7I7J
S psfio} sict dx) mElEc) o 71 304 £9] 7]7to.
2 A2 PE51E I, 1 50| RS BolRl= A
solstairt. ofofl AIQh welloflA] ARSRE & Q= HolH
Foz e 4 QI Aol ook
TFolM= AY tiv] 271 dSES S5 2
o FE3EA A A Jle Aus Wt
stoamy WESS Oﬂﬂoh_ Bue g3} )

o mjo hu
o o thL
ot 4o

e

mo o

j;l' e r&"
ok

i)
o
o

ol

o
i)

¥0 Lo

ilo N
)
mo J
ml
ﬂ
K%
n
_J-[O
Z
bOI
i

P
b
T
r o
i)
H
rot



Time-Invariant Stock Movement Prediction After Golden Cross Using LSTM 65

s 13 AEES & 4] 30749 FRo= sfe 4
oItk ol 24 o 54 el 2uska 3k dlo]

o
il %oou
Bl okg 52 4 g

o= = oz 7gHc)

=
T
o

1
oS

ACKNOWLEDGEMENT

This work was supported by ICONS(Institute of
Convergence Science), Yonsei University.

REFERENCES

[1] Shin, Dong-Ha, Kwang-Ho Choi, and Chang-Bok Kim, "Deep
learning model for prediction rate improvement of stock price
using RNN and LSTM," The Journal of Korean Institute of
Information Technology, Vol. 15, No. 10, pp. 9-16, 2017. DOL
10.14801/jkiit.2017.15.10.9

[2] Tay, Francis EH, and Lijuan Cao, "Application of support vector
machines in financial time series forecasting," Omega, Vol. 29,
No. 4, pp. 309-317, 2001. DOI: 10.1016/S0305-0483(01)00026-3

[3] Nti, LK., Adekoya, A.F., & Weyori, B.A., "A systematic review

of fundamental and technical analysis of stock market predictions,"

Artificial Intelligence Review, Vol. 53, pp. 3007-3057, 2020. DOL

10.1007/s10462-019-09754-z

Euna Jang, HoeRyeon Choi, HongChul Lee, "Stock prediction

=
B

using combination of BERT sentiment Analysis and Macro
economy index," Journal of the Korea Society of Computer and
Information, Vol. 25, No. 5, pp. 47-56, 2020. DOL: 10.9708/jksci.
2020.25.05.047

[5] Ahn, Sung-Won, and Sung-Bae Cho. "Stock Prediction Using
News Text Mining and Time Series Analysis," Proceedings of
the Korean Information Science Society Conference, Vol. 37, No.
1C, pp. 364-369, 2010.

[6] Harish, Noor & Khatijah, Siti & Hairullah, Mohd & Bakar,

Sumarni & Rahman, Kahartini, "Fuzzy Golden Cross and Fuzzy

Death Cross as Stock Market Forecasting Indicator." ASM Science

Journal, 12, 120-124, 2019

Wiiava, AY, Fatichah, C & Saikhu, A 2022, “Stock Price

Prediction with Golden Cross and Death Cross on Technical

—
~
—

Analysis Indicators Using Long Short Term Memory”. in
ICOIACT 2022 - 5th International Conference on Information and
Communications Technology: A New Way to Make Al Useful
for Everyone in the New Normal Era, Proceeding, pp. 278-283,
Yogyakarta, Indonesia, 24/08/22. https://doi.org/10.1109/ICOIAC
T55506.2022.9971844

[8] N. Baba and Kou Nin, "Prediction of Golden Cross and Dead
Cross by artificial neural networks could contribute a lot for
constructing an intelligent decision support system for dealing
stocks," in 2008 International Conference on Control, Automation
and Systems, pp. 2547-2550, Seoul, Korea (South), 2008, DOI:
10.1109/ICCAS.2008.4694284.

Enjian Bai, W.K. Wong, W.C. Chu, Min Xia, Feng Pan, "A

heuristic time-invariant model for fuzzy time series forecasting,"

—
O
—

Expert Systems with Applications, Volume 38, Issue 3, Pages
2701-2707, ISSN 0957-4174, 2011, https://doi.org/10.1016/j.eswa.
2010.08.059.

[10] Tsai, YS., Chang, CP., Tzang, SW. "The Impact of Golden Cross
and Death Cross Frequency on Stock Returns in Pre- and
Post-financial Crisis." In: Barolli, L., Enokido, T. (eds),
Innovative Mobile and Internet Services in Ubiquitous
Computing, IMIS 2017. Advances in Intelligent Systems and
Computing, vol. 612. Springer, Cham. 2018 https://doi.org/10.100
7/978-3-319-61542-4 70

[11] Jung, J. H.,, Min, D. K. "The study of foreign exchange trading
revenue model using decision tree and gradient boosting." Journal
of the Korean Data and Information Science Society, Korean Data
and Information Science Society, vol. 24, no. 1, pp. 161-169.
January 31, 2013 https://doi.org/10.7465/jkdi.2013.24.1.161

[12] Dan Gabriel Anghel, "The Performance Of Roc On The BSE,"
Theoretical and Applied Economics, Asociatia Generala a
Economistilor din Romania - AGER, vol. 0(Special I), pp.
373-379, March 2013.

[13] M.Ameziane Lasfer, Arie Melnik, Dylan C. Thomas, “Short-term
reaction of stock markets in stressful circumstances”, Journal of
Banking & Finance, Volume 27, Issue 10, Pages 1959-1977,
ISSN 0378-4266, 2003, https://doi.org/10.1016/S0378-4266(02)0
0313-8.

[14] Lee, Jae Won. "Short-Term Stock Price Prediction by Supervised
Learning of Rapid Volume Decreasing Patterns." , KIISE
Transactions on Computing Practices, 24 (10): 544-553, 2018.
doi:10.5626/KTCP.2018.24.10.544

[15] D. M. Q. Nelson, A. C. M. Pereira, and R. A. de Oliveira, "Stock
market's price movement prediction with LSTM neural networks,"
in 2017 International Joint Conference on Neural Networks
(IICNN), pp. 1419-1426. Anchorage, AK, USA, 2017. DOIL:
10.1109/1JCNN.2017.7966019.



66  Journal of The Korea Society of Computer and Information

Authors

Sumin Nam received a B.S. degree in
Business Administration  from  Kyungpook
..V.. National University in Daegu, Korea in 2022.

~ She is currently pursuing an M.S. degree in
‘ Business Analytics at the Graduate School of
Information, Yonsei University, Korea. Her research interests

encompass Big Data Analytics, Deep Learning, and Finance.

Jieun Kim received her B.S. degree in
Consumer Economics and Statistics from
Sookmyung  Women's  University, Seoul,
Korea in 2023. She is currently pursuing her
M.S. degree at Graduate School of

Information, Yonsei University, Korea. Her current interests

lie in deep learning and data analytics.

ZoonKy Lee received the B.S. degree in
Computer Science from Seoul National
University, Korea in 1985, M.S. in Social
Psychology from Carnegie Mellon University,
USA in 1991, and Ph.D in Management

1:“

Informatics from Southern California University, USA in
1999. He is currently a Professor in the Graduate School of
Information at Yonsei University, Korea. ZoonKy Lee is
interested in Big Data Analytics, Digital Transformation, and

Open Collaboration.



