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Objective: The primary aim of the present study is to provide a model for forecasting
stock market shocks using a deep learning approach in the Tehran Stock Exchange.
Methodology: The current research is applied in terms of its objective, meaning it
seeks to solve a specific real-world problem, namely, the prediction of stock market
shocks. In terms of nature, this research is descriptive-analytical, as its goal is to
examine and analyze market fluctuations over time and it utilizes statistical methods
for data analysis. For this purpose, intraday 15-minute data of the overall index in the
time interval from March 20, 2018, to December 27, 2018, which includes the opening,
closing, highest, and lowest values of the aforementioned index, were used. In the
proposed model, statistical information from the time series is first extracted using the
ARMA-GARCH model and then, using the deep learning method and one-dimensional
convolutional neural networks (CNN), the nonlinear relationships of the time series
observations are modeled. Finally, the appropriate models are selected, and based on
the criteria of mean squared error (MSE), root mean squared error (RMSE), and mean
absolute error (MAE), the prediction accuracies are evaluated.

Findings: The results of this study indicated that the combined ARMA-GARCH-CNN
model, leveraging the strengths of both traditional and modern methods, was capable
of accurately forecasting market shocks.

Conclusion: This research, focusing on the Iranian stock market and utilizing intraday
data from the Tehran Stock Exchange, has specifically and accurately addressed the
prediction of Iran's market shocks. This localization of the model for the Iranian market
significantly increased the accuracy of the results and enabled the simulation of the
specific conditions of this market. Overall, this study presented an innovative hybrid
model for analyzing the Iranian stock market, which can be beneficial for future
analyses in similar markets.

Keywords: Stock Market Shock Prediction, Deep Learning, Time Series Analysis,
ARMA-GARCH-CNN Model
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EXTENDED ABSTRACT
Introduction

The rapid advancement of machine learning technologies and the growing need for improved
market prediction methods underline the importance of this research. By employing these techniques, this
study aims to develop a comprehensive model for predicting stock market shocks in Iran. Such a model
can serve as an effective tool for investors and financial analysts, aiding in more accurate market analyses.
Additionally, it can assist economic policymakers in preventing financial crises and making informed
decisions to guide the national economy (He, 2024; Yazdan Panah & Ahmadi Mousavi, 2023).

Combining the strengths of statistical models and machine learning algorithms represents a
significant step toward more accurate predictions of stock market fluctuations and shocks, especially in
emerging markets like Iran (Hasanzadeh et al., 2023; Mahmoudi et al., 2023). The primary objective of this
research is to propose a hybrid model for forecasting stock market shocks in the Tehran Stock Exchange
using intraday data and machine learning algorithms.

This study seeks to answer the critical question: What is the optimal model for predicting stock
market shocks in Iran based on a machine learning approach?

Methodology

This research is applied in nature, aiming to solve a specific real-world problem: predicting stock
market shocks. The study is descriptive-analytical, focusing on examining and analyzing market changes
over time using statistical methods.

The statistical population for this study consists of the Tehran Stock Exchange (TSE) index data
for the period from March 20, 2018, to December 27, 2018. The dataset includes the opening, closing,
highest, and lowest values for 15-minute intra-day intervals between 9:00 AM and 12:30 PM. These data
were used for intra-day analysis and market shock prediction.

The sampling method employed was random sampling, ensuring a good representation of the
statistical population. A total of 2,521 observations were used, extracted from the TSE's website and
Rahavard Novin software.

The primary tools for data collection included:

Excel: Used for organizing and managing data and performing basic calculations.

Python 3.9: Used for advanced statistical analyses and implementation of ARMA-GARCH
models and neural networks.

Rahavard Novin software and the TSE website: Used to obtain the intra-day stock data.

The collected data were preprocessed, which included handling missing data, correcting outliers,
and normalizing data to ensure accurate analyses.

The dataset was divided into two categories: in-sample (training data) and out-of-sample (testing
data). The in-sample data were used for model estimation, while the out-of-sample data were used for
evaluating the model's generalization ability and performance, as well as for model comparison.

The variables in this study include historical time series data and market infrastructure information,
such as technical indicators and volatility measurements of the TSE index.
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The primary research question is to propose a model for predicting stock market shocks using
machine learning approaches.

The research consists of three phases:

1. Phase One: Data collection and calculation of the logarithmic returns for the TSE index. The
data consist of 15-minute intra-day prices, and the ARMA-GARCH model is used to fit the data and
estimate market shocks (new changes in the series).

2. Phase Two: A set of candidate features, including technical indicators, historical time series
from the ARMA-GARCH model, and the newly estimated market shocks, are prepared. Using the mMRMR
(minimum redundancy, maximum relevance) algorithm, 10 optimal features, including the market shocks,
are selected for input into the neural network.

3. Phase Three: After preprocessing, which includes normalization, data splitting into training
(80%) and testing (20%) sets, and standardization, the selected features are fed into a neural network.
Following training and validation, the final models for each index are predicted. Various performance
metrics, such as Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and Mean Absolute
Error (MAE), are used to evaluate the models' performance and determine which one accurately predicts
market shocks and effectively simulates stock market behavior.

Findings

The research aimed to develop a model for predicting stock market shocks in Iran. The study
consists of three main phases:

1. Market Shock Estimation Using ARMA-GARCH Model:

In the first phase, descriptive statistics were used to analyze the intra-day returns of the market
index. Various statistical measures like mean, median, standard deviation, skewness, and kurtosis were
calculated. The results revealed that the market index had a near-zero mean, indicating balanced
fluctuations, though the negative median suggested a tendency towards lower returns. The tests for
stationarity, including the ADF and PP tests, confirmed that the time series was stationary, which is
essential for modeling purposes. The ARMA-GARCH model with the best fit (ARMA(2,3)-GARCH(1,1))
was selected based on the Akaike Information Criterion (AIC). This model produced expected returns,
conditional variances, and standardized residuals (market shocks).

2. Feature Selection:

The second phase involved selecting features relevant to predicting market shocks. The candidate
features included historical series from the ARMA-GARCH model, along with technical indicators and
volatility measurements. Using the Minimum Redundancy Maximum Relevance (MRMR) algorithm, 10
optimal features were chosen for input into the neural network.

3. Training, Validation, and Prediction Using a Convolutional Neural Network (CNN):

In the final phase, the data were preprocessed through normalization and standardization before
being split into training (80%) and testing (20%) sets. A 1D Convolutional Neural Network (CNN) was
built, with 128 filters in the first convolutional layer and multiple subsequent layers to capture time-series
patterns. The model was trained and validated, showing a significant reduction in error metrics (MSE,
RMSE, MAE). The results from the trained model were evaluated through regression and statistical
distributions, showing that the model could accurately predict market shocks.



Key Evaluation Metrics:

For both training and testing datasets, the model demonstrated low error values, indicating high
prediction accuracy.

The final model for predicting stock market shocks in Iran is expressed as:

ARMA(2,3)-GARCH(1,1)-NN(conv1D(9-8-1)).

Discussion and Conclusion

The proposed model offers a significant advancement in forecasting stock market shocks, with
potential applications beyond the stock market to include other financial markets in Iran, such as gold and
currency markets. Comparing the results across these markets could provide deeper insights into the
dynamics of financial systems.

This model can serve as the foundation for an early warning system, assisting investors and fund
managers in identifying potential market fluctuations and enabling better risk management strategies. By
integrating this model into an Al-driven analytical tool, both retail and institutional investors could make
more informed decisions. Such a tool would provide real-time market analysis and forecasts, supporting
data-driven investment strategies.

Moreover, the Tehran Stock Exchange could utilize the proposed model to analyze market
behavior and enhance its regulatory mechanisms. This application would help mitigate unnecessary
market volatility and foster greater investor confidence, contributing to the overall stability and growth of
financial markets.
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