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Development of a Stock Market Data Simulation and a Machine
Learning Trading System Using GANs
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ABSTRACT

One of the essential steps in designing a trading system is to build a training model using historical stock
data. However, due to the nature of the financial markets, obtaining large amounts of stock price data is a
time-consuming and expensive endeavor. The lack of data for model building can lead to various problems
such as low generalization ability and poor prediction ability. Therefore, this paper proposes a new
methodology for analyzing financial markets using adversarial generative neural network-based virtual data
generation simulation. In order to overcome the heavy-tail phenomenon, which is one of the limitations of the

geometric Brownian motion model in modern financial theory, we approximate the actual stock return distribution
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by inputting random numbers extracted from the GAN to simulate future stock price fluctuations that reflect

the actual market behavior. Afterward, we trained the machine learning model on the two datasets, the

generated data and the real data, and developed a trading strategy to compare the trading performance. The

experimental results showed that utilizing the fictitious stock price data generated by the proposed methodology

improved overall performance on trading metrics, and these results suggest a new solution to overcome the

limitations of financial data. The results confirm the potential of data simulation and machine learning-based

trading systems utilizing GANs to improve trading strategies and risk management.
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Step1l : Generating Synthetic Data Using GAN-GBM

GAN-GBM

Origin stock data

|

‘ Monte Carlo simulation ‘

U,

SN \/\»WV/

Generative Adversarial Network (GAN)

Generative Network | | Discriminator Network

i

Create technical indicators

Stock movement labelling

1-1

Down

Prepare the train data

Machine Learnmg algorithms

« Logistic Regression (LR)

« Random Forest (RF)

« Decision Tree (DT)

« eXtreme Gradient Boosting (XGB)

Making Trading Signals

Trading System Evaluation

Trading simulation

é VAT
| Mmﬂ “\WW\V

Date

Profit Factor
Payoff Ratio

+ Winning Ratio -
« Trading Count -

Step2 : Modeling

T2 1. Algk mdle] ZHe=
Fig. 1. Proposed model Framework

Step3 : Trading simulation
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Table 1. List of technical indicators

Indicator Parameters

fastperiod=12,
slowperiod=26,
matype=0

Absolute Price Oscillator
(APO)

h M ill
Change Momentum Oscillator fimeperiod=14

(CMO)
Moving Average Convergence fastperiod=12,
Divergence slowperiod=26,
(MACD) signalperiod=9

fastperiod=12,
slowperiod=26,
signalperiod=9

MACD Signal

fastperiod=12,
slowperiod=26,
signalperiod=9

MACD
Histogram
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Indicator Parameters

Momentum Oscillator

(MOM) timeperiod=10

fastperiod=12,
slowperiod=26,
matype=0

Percentage Price Oscillator
(PPO)

Price Rate of Change
(ROC)

Relative Strength Index
(RSI)

timeperiod=10

timeperiod=14

fastk_period=5,
fastd_period=3,
fastd_matype=0

Stochastic Fast
(STOCHF)

timeperiod=14,
fastk_period=5,
fastd_period=3,
fastd_matype=0

Stochastic RSI
(STOCHRSI)

Tripple Exponential Moving
Average timeperiod=30
(TRIX)
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Table 2. Example of trading signals

Time Label Signal
T - -
T+1 1 (Up) Buy
T+2 1 (Up) Holding
T+3 0 (Down) Sell
T+4 0 (Down) No action
T+5 0 (Down) No action
T+6 1 (Up) Buy
T+7 1 (Up) Holding
T+8 0 (Down) Sell
T+9 1 (Up) Buy

N

eke el AR vl SAbAAE A0

% gk

3.3.2 Erlold Mo}

£ =l Edlo|d Al2Ele] A A=k s
H7}sl7] S84 <-E(Winning ratio, WR), =] H+f,
=41 4, payoff ratio(PR), profit factor(PF)} 32
Al 7R EE A B AAE 717 LHOﬂ
A= F A F ool AR A vEE

gt Al @)= AlKE Erloldd Alx~ElS H}F/Li
3%l Aol whAlgE 3 So)(w) 3 T A(L)
h Nyins Npse'= A A F o] whAgE Al

% r

J

“

it}

pil

rﬁ do >

(o]

]

oF EAlo] WAl A o] 5 ovishe, Zwet XL
= o] Ae] F oIt & ““’“ Aol & EAE 2
gkl

Al(5)2 M@ EFE AXKR FF & e &4
E e Payoff ratio( £,) 9} & Felgds & SAFY
2.2 vhr Profit factor(Ppelct P2 71lellA] 2

5 5013} 4 Aol el =71 HFAC
3 A Febe Hohsku AHg A
o) AR Hs1E o2 £ A e
Folie ek H) ARgEl) Al Algk 7
o) Aol AohE Bl Faa Amoleh Wby
o2 o] % 71 AES] ke 1o]44el A5 Felye]
AT, BT Felie] U el ke
% glek

2L
N,

ose

— 2w S_
e N @

1269



The Journal of Korean Institute of Communications and Information Sciences "24-09 Vol.49 No.09

_w o, Zw
== =57 ®)
V. d d

4.1 Holg] &

B =1o] Aokgl 1¢ % Tl Slsl, st
F7IA5KOSPY el A 7]9] & A7 7% A
2] 307 7193 /H7<46}°3D} o= 2 718l 71 AA
o dlelelE 31eb] Slsl slelie] w4 dlole] 4]
4 2}o]B2]2]9] FinanceDataReader ¥|7]%]E- &-8-3)
Hlolel S SAlsigirk & 304l A3S 8] A4 30
N 71448 555 fokssdch

[

_.34_3,5,4‘—}}‘?‘ AE
b

Table 3. Stock list
Stock Ticker Stock Ticker
Korea
Samsung 005930 Electric 015760
Power
Hyundai 005380 HMM 011200
Motor
POS.CO 005490 KT&G 033780
Holdings
SK 034730 Samsung SDI 006400
POSCO 003670 Celltrion 068270
Future M
SK
LG H&H 051900 . 096770
Innovation
. Doosan
SK Hynix 000660 Enerbility 034020
Kakao 035720 Hana 086790
Financial

KB Financial 105560 S-0il Corp 010950

Group
LG . 066570 Naver 035420
Electronics
Samsung Samsung
Life 032830 C&T 028260
Insurance
Shinhan
Korea Zinc 010130 Financial 055550
Group
LG
Chemicals 051910 LG 003550
KIA 000270 SK Telecom 017670
Hyundai Korean Air
Mobis 012330 Lines 003490
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d(X,Y) =(,u,x*,uy)2+(axfay)2 (6)

TE3h 2 w=tellAl= GAN®| El5o] o] A]5= epoch
g 71Ee iR 1 IS Adskick
F4gke] sk BARS 9130 epochi= 2003 o4
5H2] epoch %t FID2| Htgko] 0.015 ¥} oF
RS A];Ho] d 61—’\0 7qu] }_e
eoleil w3t
A1 $131A4] epoch 1500314 7HA| F=

4.2.2 3.*% 2 5y 7|zt
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q
E
E 49} o] wejsle] wlmEa e Saalsi

I 4. Train, Test data®] A& 7|7k
Table 4. Specification period for train and test data

Num Train Test
1 2017.01.01.~ 2020.01.01.~
2019.12.31. (3Y) 2020.12.31. (1Y)
2 2018.01.01.~ 2021.01.01.~
2020.12.31. (3Y) 2021.12.31. (1Y)
3 2019.01.01.~ 2022.01.01.~

2021.12.31. (3Y) 2022.12.31. (1Y)
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4.2.3 Ho|gf 7= Al ¥ Egjo|g AMu} H|w

B relis Al 7HR] A= okE Sgdleld 5
B (GAN-GBM, GBM, Historical data)2- 3 ™41
2d Edlold Ak A= nla Bl & =
oM AAEE 4717 wiley delEe] Edel] Awt
£ el ARkElen, £ 5% ARl AAIE Test7]
Zhel| dg=le A= s 8kt Zolth

20201¥} 202132 A8 ZAzfol| x| =2 Algk
P29l GAN-GBM-2 3 26.2073] ¢} 26.4663] 2]
NS sggen 242} 54.1%, 485%] 58S 7=
giv). Lolrl, payoff ratio= 1.385, 1.243°22 vjejy}
o1 profit factor+= 1.763¢} 1.2212 ePsitl GBM
uhH-8 S5t 30.7223], 30.7613]2] A7t Ao,
B2 50.5%, 43.7%2 e}, payoff ratio
1.381, 1.384 % profit factor= 1.583} 1.171% vleht
o} o] 4] dlole|ukE ARl 735 - 32.8993]
0} 34515359 A 357} 71E500H, $EL 54.6%
2} 48.6%, payoff ratio= 1.099<} 0.983, profit factor
= 1.56329} 1.086°]%]tt.

2022 Ael4= GAN-GBM-S 831 #2ke] 7
# 317 At 2594132 &% FkAagiow, SES
48.5% % A5kt AL, payoff ratio= 0.97,
profit factor= 0.9952 H4s}o] 7]2] £elBrde] =
=eick GBM ®ilo] A 3l9= Hit 28.863] 2 71
310, 552 51.1% % 7132, payoff ratio=
0.782, profit factor+= 0.91= ZA4-3ck A 524 dlo]
& ARSEE AR A 3157} 4t 35.6833] = 57
o), 552 47.6% 2 314233, payoff ratioZ} prof-

55 dole] 75 W W Eeols) A% vl
Table 5. Comparative trading performance by data
generation methods

Trading
count

Year Method WR PR PF

GAN-GBM  26.207 0.541 1.385 1.763
2020 GBM 30.722 0505 1.381 1.580
Historical

Data
GAN-GBM 26466 0485 1243 1.221
GBM 30.761 0.437 1384 1.171

32899 0546 1.099 1.563

2021
Historical 5/ 515 0486 0983 1.086

Data
GAN-GBM 25941 0485 0970 0.995
Sopy | GBM 28860 0511 0782 0910
Historical - 15 ce3 0476 0941 0984

Data

it factor= ZH7} 0.9413} 0.984 2 vieh}, Aukael A
o] "ol 7L Felalgich

3 6 2 =olx] A GAN-GBMel| i3t 2020
WiE 20229704 mAled daEghit 5 B
glo]g Alwle] vl A Qofsie] 17 29}
32 Test7|ZtellA A= 7+ wjale]d dare]E2] pay-
off ratio®} profit factorg- A1Z3lgt Zolrk 2020 |
2~E dlo]e] Flol|A], BX|2E] 3]7] mdo] Ao
2k Bl el B8kl 52 5E(54.2%)
3} payoff ratio(2.497) 2 FE=2]% A5 Wtk o=
2.763°|2F= 7P =2 profit factor® o]eixl o, 7}
A g Byod A=RS 7l Zle R s 4 gl
o} e, 33 2~3¢x & 4= 9l%e], X 3|
Xe19] payoff ratioZ} profit factor ¥+ H|al o4t
RelEol| vlal] w2 WHelel] AA gle], o] & WEAdE
7L 955 Feldd = 9tk XGBoosto} |AAA
Eg, iy FoAE wde v B& Edold 73 E
YA, 222~ 3]Fel| Bal] Y2 payoff ratio?}
profit factor= 7]Z-3ic}

2021 E|2~E FZel 4= XGBoost Z@le] EFHo]
o BT 397t 29432 Zoleldck o] el SFE
54% 2} payoff ratio 1.204 2, 1.576°]2}= profit fac-
tors Ak AbEA] Erje) Aly] XY ~E
d Jx] gl Edloly 55 ¥ o1} payoff ra-
tio®} profit factorel|A+= XGBoostel] B]&f 2 A3}
£ ®yoh

20221 7ol A~ 3]9] el $Eo] A
73531 44.4% 2 BoIFA|RE 2.0029] payoff ratioS-

E 6. 29 Edeld A¥ wlw
Table 6. Comparative trading performance by model

Trading
count

Year Model WR PR PF

LR 13.896 0.542 2.497 2.763
XGB  24.467 0.533 0.924 1.341
DT 30.867 0.541 1.163 1.646
RF 35.667 0.549 0.957 1.303

2020

LR 17.923 0.456 2.269 2.382
XGB 29.4 0.540 1.204 1.576

2021
DT 38.6 0.515 1.126 1.305
RF 36.967 0.510 0.924 1.058
LR 12.867 0.444 2.002 1.528
XGB  28.033 0.486 0.931 0.976
2022

DT 27.833 0.509 1.053 1.290
RF 37.133 0.502 0.985 1.090
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Payoff Ratio Comparison

ag 2. #Aleld daElE H payoff ratio
Fig. 2. Payoff ratio by machme learning algorithm

Profit Factor Comparison

a3 3. walyd daelE ¥ profit factor
Fig. 3. Profit factor by machine learning algorithm
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