Journal of Quality Measurement and Analysis JOMA 19(2) 2023, 81-97
e-ISSN: 2600-8602 http://www.ukm.my/jgma

FINANCIAL MARKET PREDICTIONS WITH DEEP LEARNING
(Ramalan Pasaran Kewangan dengan Pembelajaran Mendalam)
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ABSTRACT

Forecasting the financial market has proven to be a challenging task due to high volatility.
However, with the growing involvement of computational methods in econometrics, models
built with deep learning neural networks have been more accurate in capturing the dynamics of
financial market data compared to the commonly used time series models such as the ARIMA
and GARCH models. In this study, four deep learning models were applied to eight separate
investments, namely stocks (AAPL, TSLA, ROKU, BAC), currency exchange rates (GBP/USD
and USD/SEK) and exchange-traded funds (SQQQ and SPXS) to compare their forecasting
abilities. The four deep learning models consists of three recurrent neural networks (RNN)
which are the vanilla recurrent network (VRNN), long short-term memory (LSTM) and gated
recurrent units (GRU), along with the convolutional neural networks (CNN). The models were
tuned to be time efficient and evaluated with RMSE and MAPE. Results show that GRU was
the overall best model, with exceptions to the LSTM performing better with the exchange traded
funds.
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ABSTRAK

Meramal pasaran kewangan telah terbukti sebagai tugas yang mencabar disebabkan oleh
ketidastabilan yang tinggi. Walau bagaimanapun, dengan penglibatan yang semakin meningkat
dalam kaedah pengiraan dalam ekonometrik, model yang dibina dengan rangkaian neural
pembelajaran dalam adalah lebih tepat dalam menangkap dinamik data pasaran kewangan
berbanding model siri masa yang biasa digunakan seperti model ARIMA dan GARCH. Dalam
kajian ini, empat model pembelajaran dalam telah digunakan pada lapan pelaburan berasingan,
jaitu saham (AAPL, TSLA, ROKU, BAC), kadar pertukaran mata wang (GBP/USD dan
USD/SEK) dan dana yang didagangkan di bursa saham (SQQQ dan SPXS) untuk
membandingkan kebolehan ramalan mereka. Empat model pembelajaran dalam terdiri daripada
tiga rangkaian neural berulang (RNN) iaitu rangkaian neural biasa (VRNN), long short-term
memory (LSTM) dan gated recurrent units (GRU), bersama-sama dengan rangkaian neural
konvolusi (CNN). Model-model ini telah diselaraskan untuk menjadi cekap dari segi masa dan
dinilai dengan RMSE dan MAPE. Keputusan menunjukkan bahawa GRU adalah model terbaik
secara keseluruhan, dengan pengecualian LSTM yang lebih baik dalam dagangan dana yang
didagangkan di bursa saham.

Kata kunci: CNN; pasaran kewangan; GRU; LSTM; RNN

References

Ariyo A.A., Adewumi A.O. & Ayo C.K. 2014. Stock price prediction using the ARIMA model. In Proceedings of
the 2014 UKSim-AMSS 16th International Conference on Computer Modelling and Simulation, pp. 106-112.

Babu C.N. & Reddy B.E. 2015. Prediction of selected Indian stock using a partitioning—interpolation based ARIMA-
GARCH model. Applied Computing and Informatics 11(2): 130-143.

Chen Y.C. & Huang W.C. 2021. Constructing a stock-price forecast CNN-model with gold and crude oil indicators.
Applied Soft Computing 112: 107760.



Yap Zhong Jing & Dharini Pathmanathan

Cho K., van Merriénboer B., Bahdanau D., & Bengio Y. 2014. On the properties of neural machine translation:
Encoder-decoder approaches. In. Proceedings of the SSST-8, Eighth Workshop on Syntax, Semantics and
Structure in Statistical Translation, pp. 103-111.

Chollet F., & others. 2015. Keras. Github. Retrieved from https://github.com/fchollet/keras.

Di Persio L. & Honchar O. 2016. Artificial Neural Networks architectures for stock price prediction: Comparisons
and applications. International Journal of Circuits, Systems and Signal Processing 10: 403-413.

Dong Y.C., Li S.Y. & Gong X. 2017. Time Series Analysis: An application of ARIMA model in stock price
forecasting. In Proceedings of the 2017 International Conference on Innovations in Economic Management and
Social Science (IEMSS 2017), pp. 703-710.

Granger C.W.J. & Newbold P. 1986. Forecasting Economic Time Series. 2nd Ed. Orlando, FL: Academic Press,
Inc..

Hiransha M., Gopalakrishnan E.A., Vijay K.M. & Soman K.P. 2018. NSE stock market prediction using deep-
learning models. Procedia Computer Science 132: 1351-1362.

Hochreiter S. & Schmidhuber J. 1997. Long short-term memory. Neural Computation 9(8): 1735-1780.

Hossain M.A., Karim R., Thulasiram R., Bruce N.D.B. & Wang Y. 2018. Hybrid deep learning model for stock price
prediction. In Proceeding of the 2018 IEEE Symposium Series on Computational Intelligence (SSCI), pp. 1837-
1844,

Jain S., Gupta R. & Moghe A. 2018. Stock price prediction on daily stock data using deep neural networks. In
Proceedings of the 2018 International Conference on Advanced Computation and Telecommunication
(ICACAT), pp. 1-13.

Jaiswal, R. & Singh, B. 2022. A hybrid convolutional recurrent (CNN-GRU) model for stock price prediction. In
Proceeding of the 2022 IEEE 11th International Conference on Communication Systems and Network
Technologies (CSNT), pp. 299-304.

Khaldi R., El Afia A., Chiheb R. & Tabik S. 2023. What is the best RNN-cell structure to forecast each time series
behavior? Expert Systems with Applications 215: 1199140.

Kingma D.P. & Ba J. 2014. Adam: A method for stochastic optimization. arXiv preprint arXiv:1412.6980

Kumar R., Kumar P., & Kumar Y. 2021. Analysis of financial time series forecasting using deep learning model. In
Proceedings of the 2021 11th International Conference on Cloud Computing, Data Science & Engineering
(Confluence), pp. 877-881.

LeCun Y., Bottou L., Bengio Y. & Haffner P. 1998. Gradient-based learning applied to document recognition.
Proceedings of the IEEE 86(11): 2278-2324.

Mohammad J.H. & Owda A.Y. 2021. A novel Cryptocurrency price prediction model using GRU, LSTM and bi-
LSTM machine learning algorithms. Al 2(4): 477-496.

Nielsen A. 2019. Practical Time Series Analysis: Prediction with Statistics and Machine Learning. 1st Ed.
California: O'Reily Media, Inc.

Ozbayoglu A.M., Gudelek M.U. & Sezer O.B. 2020. Deep learning for financial applications: A survey. Applied
Soft Computing 93: 106384.

Preeti D.A., Bala R. & Singh R.P. 2018. Financial time series forecasting using deep learning network. In Deka G.,
Kaiwartya O., Vashisth P. & Rathee P. (eds.). Communications in Computer and Information Science 899: 23-
33. Singapore: Springer.

Sako K., Nyunga B.N. & Rodrigues P.C. 2022. Neural networks for financial time series forecasting. Entropy 24(5):
657.

Saud A.S. & Shakya S. 2020. Analysis of look back period for stock price prediction with RNN variants: A case
study on banking sector of NEPSE. Procedia Computer Science 167: 788-798.

Selvin S., Vinayakumar R., Gopalakrishnan E.A., Menon V.K. & Soman K.P. 2017. Stock price prediction using
LSTM, RNN and CNN-sliding window model. In Proceedings of the 2017 International Conference on
Advances in Computing, Communications, and Informatics (ICACCI), pp. 1643-1647.

Siami-Namini S., Tavakoli N. & Namin A.S. 2018. A comparison of ARIMA and LSTM in forecasting time series.
In Proceeding of the 2018 17th IEEE International Conference on Machine Learning and Applications
(ICMLA), pp. 1394-1401.

Sparks J.J. & Yurova Y.V. 2006. Comparative performance of ARIMA and ARCH/GARCH models on time series
of daily equity prices for large companies. University of lllinois, Chicago, USA.



Financial Market Predictions with Deep Learning

Institute of Mathematical Sciences

Faculty of Science

Universiti Malaya

50603 Kuala Lumpur

E-mail: zhongjingyap@gmail.com, dharini@um.edu.my”

Received: 30 April 2023
Accepted: 25 May 2023

“Corresponding author



