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1. Introduction

In today's financial landscape, markets serve as crucial channels for directing financial
resources from low-yield sectors to high-yield ones, thereby playing a vital role in
driving economic growth, creating jobs, boosting investments, optimizing resource
allocation, stabilizing monetary and financial variables, and ultimately enhancing
societal welfare. Stock prices, as a key component of the capital market, significantly
influence the behavior and decision-making of investors, managers, governments, and
other stakeholders. A variety of methods and models, each based on different
assumptions and methodologies employed to predict stock prices.

2. Research method and data

Random Differential Equations (SDEs) are mathematical tools that can model the
behavior of stochastic processes. These processes may exhibit unpredictable
fluctuations and sudden changes. SDEs find applications in modeling various
phenomena that involve random elements. In finance, SDEs are used to describe the
behavior of financial assets such as stock prices, interest rates, exchange rates, and
more. An SDE is a differential equation where one or more terms involve stochastic
processes. Solving these equations requires specialized mathematics known as
stochastic calculus. This study uses two SDE models, Heston and geometric Brownian
motion (GBM), for stock price prediction.

GBM: dS; = uS;dt + aS;dB;

In it, (S(t)) is the asset price at time (t), () is the drift, ( ¢ ) is the volatility or standard
deviation, and (B;) is a continuous stochastic process with a normal distribution with
mean zero and variance (t). This process is called Brownian motion.

Heston: dS; = pS,dt+ /v, S, dW{ , dvy = k[0 — v ] dt + o,/vdW?

The index (t) represents time. (k) and (6) are constants, both positive. (6) Represents the
long-term average of price fluctuations, and (k) indicates the speed at which these
fluctuations revert to their long-term average. In the variance equation, ( kK [0 — v¢]) is
called the rate of drift. W and WZ are winer process with a normal distribution with
mean zero and variance (t).

3. Analysis and discussion

Results indicate that the Heston model has had the best performance in predicting stock
prices across most criteria. The stochastic differential Heston model has outperformed
time series models in predicting the stock prices of Bank Melli at the Tehran Stock
Exchange. With high precision and an absolute prediction error of only 0.0464%, it has
managed to answer the research question that was in search of a high-accuracy model
for stock price prediction and has proven its superiority. The Heston model is well
capable of describing important features in financial markets, including price reactions
to market fluctuations and volatility effects, which are not well described by simpler
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models. A comparison of the Heston model with other models shows that it is well
capable of predicting market volatilities and has performed better in many cases.

4. Conclusion

The results indicate that stochastic differential models are powerful tools for predicting
stock prices in financial markets, aiding investors and financial managers in making
decisions that are more informed. These findings provide a foundation for future
research and the development of more accurate prediction models in the Iranian capital
market.
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