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The stock market tends to be a noisy, non-stationary and non-linear dynamical system, therefore, fore-
casting stock price movement is quite difficult [1]. Numerous factors interact in finance including economic
conditions, COVID-19 pandemic, political events, etc. However, with the help of artificial intelligence-based
system, supportive and valuable information can be provided to the traders and analysts, which may be crucial
for successful investment and maximizing profits. The approach that provided satisfactory results in terms of
stock market forecasting is an integration of stationary wavelet transform (SWT) with long short-term memory
networks (LSTMs).

As the research object, Dow Jones Industrial Average (DJI) index is chosen with sample data from January
31, 2020, to April 24, 2020. This index contains the data of volume and open, high, low, and close prices in
a one-minute interval for the aforementioned time period. However, only closing price was used which gives
the total number of 27904 data-points. The data is publicly available and obtained from the Alpha Vantage
website.

The wavelet transform (WT) is a powerful mathematical tool commonly used in signal processing. By
applying WT, the high complexity stock market data can be decomposed into many frequency bands, which
can simplify the analysis process. After wavelet decomposition process, low-frequency components are spread
in the time domain and can be treated as global properties of original data while high-frequency components
are concentrated in time domain. A variety of wavelet functions can be used for the analysis and each one of
them has different properties, therefore, the choice directly depends upon the type of data to be analyzed and
the application itself. In conventional discrete wavelet transform (DWT), decimation is performed after each
decomposition level, thereby, this type of transform is not time-invariant [2]. Since this research is oriented
on time-series preprocessing, analysis and forecasting, SWT was used due to nondecimated and shift-invariant
properties. After the SWT was performed, approximation and detail coefficients were obtained from the time-
series data of the DJI index. Original and preprocessed data are then used to train the LSTM models. Since
the LSTMs are capable to learn long-term dependencies along with sequential patterns, they are appropriate
approach when dealing with financial time-series analysis. The capability of memorizing patterns for a long
period of time is achieved with gating mechanisms, by which, the flow of the information is regulated [3]. The
LSTM cell itself consists of three gates: an input gate, a forget gate and an output gate.

In order to achieve satisfactory results in terms of stock market forecasting, an optimal hyperparameter
combination needs to be determined. This was achieved with the grid search algorithm where the model was
trained for every possible parameter combination. Hyperparameters adjusted in this research are number of
hidden LSTM layers, number of hidden units per layer, activation function, optimizer, learning rate, and learning
rate decay. The performance of trained models was evaluated using mean absolute error (MAE) and root mean
square error (RMSE).

The results are obtained for Dow Jones Industrial Average index. First, the data of closing price was decom-
posed into approximation and detail coefficients. These coefficients were obtained using Haar, db4, sym5, and
bior2.2 wavelet functions at first, third and sixth decomposition level. Afterward, the approximation coefficients
were used as input variable for future price movement forecasting. LSTM hyperparameter combination that
achieved the best results consists of three hidden LSTM layers with 64 hidden units each, and Tanh activation
function. Moreover, Adam was used as an optimizer with a learning rate of 0.001 and a learning rate decay of
1e-6. When all results are summed up, a high-quality regression with the minimal values of performance mea-
sures are achieved using the data preprocessed with SWT and db4 wavelet function at the sixth decomposition
level. Furthermore, the worst results were achieved by using original, nonpreprocessed data. Accordingly, a
forecasting model that integrates stationary wavelet transform and long short-term memory networks can be
used to predict the movements of stock markets.
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