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ARTICLE INFO ABSTRACT

Received: 24 Nov 2024  The study employs the theory of symbolic dynamical system in modelling stock market in the
Philippines. Precisely stock market modeling process is complex and dynamic. The main objective
of this paper is to build a model using the following factors namely; peso dollar exchange rate,
Accepted: 21 Jan 2025 inflation rate, GDP, un employment rate. These factors are assumed to be the indicators of the

Revised: 01 Jan 2025

Philippine stock market. In this study we derived the mathematical model of each of those factors.
The output of this paper can build a possible programming system or software for forecasting stock
market predictions to be more accessible and more accurate since various machine learning
approaches have been applied in stock market prediction.
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Introduction

This study introduce a new method of modeling chaotic system like stock market. A symbolic dynamical system is a
new concept applied to a complex system. Due to various stock market research existing (Mintarya, L., and Halim,
J., et al (2023) scrutinizes 30 different studies focusing on various machine learning approaches and models
includes neural networks and support vector machines.

Symbolic regression (SR), a type of machine learning, offers a promising alternative by evolving
mathematical expressions that best fit the observed data without assuming predefined model structure (Schimidt &
Lipson, 2009). SR combined with genetic programming (GP) is a well-established technique for generating the
mathematical model that illustrate relationship within dataset (Takaki & Tomoyuki, 2022). SR with GP infers both
linear and nonlinear model. Unlike in classical regression in which the model and the parameters are linear and
follows a Gaussian distribution. SR use to estimate the symbolic space (function space) of a dynamical system while
GP use to estimate the parameters of a symbolic dynamical system.

Genetic programming is an evolutionary computation technique that utilizes an evolutionary algorithm,
making it particularly suited for handling large datasets. Genetic programs are developed from genetic algorithms,
which are inspired by principles of evolutionary biology. During the evolutionary process, computer programs
undergo mutations or iterations to potentially produce optimal models. In evolutionary biology, life evolves from
simple to complex forms through natural selection, where individuals with higher "fitness" are more likely to
survive and reproduce. These high-fitness individuals are retained and paired with other high-fitness individuals to
produce offspring. The goal is for the offspring to achieve higher fitness values than their parents. The algorithm
concludes when an offspring meets a predetermined fitness measure (Gorres, T., 2021).

The development of Symbolic Regression Program

The development of Symbolic Regression (SR) programs has a rich history rooted in symbolic dynamical
systems (SDS). Hadamard first applied SDS in 1898 to complex systems, and in the 1950s, Von
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Neumann described SDS as a powerful framework for artificial systems. Genetic programming models, utilizing
machine learning algorithms, were developed to extend this idea, including the symbolic regression programs by
Koza (1994), Schmidt and Lipson (2009), and Cohen, Beykal, and Bollas (2023). System dynamics theory,
particularly coding theory or symbolic regression programs for symbolic dynamics, involves building a state space
(function or model), identifying statistical properties (Lind & Marcus, 2021), and modeling sequences of infinite or
bi-infinite symbolic shift spaces. These are measured in discrete time intervals with shifts or symbolic invariant
mappings between spaces, forming pattern modeling-based codes in a symbolic system (Marcus & Rosenthal,
2013).

Investigating dynamic and complex systems—whether physical, biological, or ecological—requires significant
effort to achieve meaningful results. As systems are inherently complex, researchers have developed system
identification techniques such as symbolic regression (SR) through artificial intelligence and modern dynamical
systems (genetic programming). In modeling and investigating real-world problems, symbolic regression
algorithms based on genetic programming (GP) are used to identify iterated curves or functions. SR represents an
abstract model space in topological systems for machine learning techniques (Schmidt & Lipson, 2009; Mirtens,
Kuipers, & Mieghem, 2017), which can be explained by physical systems through experimental data.

Computer systems are employed to elucidate system dynamics and complexity (chaoticity) through probability
theory, measure theory, and ergodic processes. Symbolic regression, used for prediction models in real-world
problems, fits the complexity or dynamics of these systems.

The development of modern dynamical systems and symbolic regression programs has been an active research
area, with significant contributions from Koza (1992), Vladislavleva (2008), and Schmidt and Lipson (2009). They
emphasize that genetic programming in symbolic regression does not assume any predefined model for the input-
output data during the evolutionary process.

Symbolic regression involves inferring a non-linear and linear mathematical model in a symbolic analytical
function f: R* — R, which fits two random variables X, and such that y.=

f (X e oo oo xn) given Xi= (X4, oo oo .. xn) and Yi= (yy, ... . ¥n) i = 1, ... . input-output data
(Tenachi, , Ibata, and Diakogiannis. (2023)

As explained by Poli, Langdon, and McPhee (2008), SR is a computer program or model used to fit numerical
data within a specific interval. De Franca and Aldeia (2021) clarified that SR is used to model input-output data,
identify systems, make predictions about unobserved samples (state space), and determine a system's statistical
properties by simultaneously estimating coefficients or parameters and function space.

Conversely, symbolic regression, introduced by Vladislavleva (2008) and Gorres-Abato and Tarepe
(2014), can be expressed as:
ff=(XFo) ®
This represents a measure-theoretic space over time. De Franca and Aldeia (2021) consider the equation M(X F
C)as the Interaction-Transformation for Symbolic Regression, where X is a state (function) space in an input-output
pair (X, Y) F is a set of functions (function operators and analytic functions), and Crepresents the weights or
coefficients. For example, equation (1) can be represented by a simple function resulting from mutation (iteration)
using an evolutionary algorithm, a genetic programming (GP) approach (Poli, Langdon, & McPhee, 2008), to
optimize the search space for an interpretable expression such as:
G(xi) = 2 + 4x1 — 4Sinx»2x; +7¢0S %344 — 3log x5
and can be represented as in (X, F, C)
X= [[170], [17 2], [47 _1]’ [1>O]]

F = [[sin, cos, log]]
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C= [2’ 4,-4,7, _3]

Aside from Koza and Poli (2005), Kadierdan, K., Nathan, K., and Brunton, S., (2020) and various other
researchers have identified that SR programs in modern dynamical systems use simultaneous parameter and
function space estimation (Kay & Mowbray et al., 2023; Austel & Dash et al., 2017) within symbolic dynamical
systems through measure theory, random processes, and ergodic processes, optimizing iterations of function space
(model) (De Franca, 2018; 2022; Koza, 1992; 1994).

Methods and Design

A symbolic regression program (genetic programming) is a stochastic process optimizing the desired
prediction model and the relationship of input and output data. In a dynamical system, the Symbolic regression is a
function that describes the relation of the input to output data and can be

written as:
f=F,
Where any input variables, F basic functions operators (+, -, sin, cos, etc.) and u set of measures
(1, X2, X3, .., Xn) =S — (input data)
The task of symbolic regression with Genetic programming is to identify the target expression

(function) or model in symbolic form which estimates the values of a specified target variable based on the values of
a set of input variables, that is;

s =fA = (X F W) — output data

The study made use of the descriptive methods of research using evolutionary algorithms particularly the genetic
programming based symbolic regression. Data were obtained from the Macrotrends Data

Download, Bangkok  Sentral ng  Pilipinas, Philippine Stock  Exchange Inc  (PSE),
www.psa.gov.ph/content/summary-inflation-report. The maximization can be quantitatively measured by:

Sni=1(Si - S i)2
Minimize: MSE =

Where: S~ ;= predicted value of S; using four (4) parameters.
The parameters are:
The terminal set are:
X= peso dollar exchange rate
Y =inflation rate
Z =GDP
W = un employment
The function set used are: addition, subtraction, sine function, cosine function, and constant function
STi= = X+ woY + woZ + w,W (2

Where: wy, w,, wy, and w, are weights to be determined by using Symbolic Regression via genetic
programming (GP). The program can generate the GP search process and establish proposed model. The software
used is the license version of DATAROBOT.
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RESULTS AND DISCUSSION

The analytic solution to the model using the Symbolic regression with Genetic programming mathematically
expressed by:

S =MXFW)
The resulting model:
S" =26.42 + 0.07Z - (X - 52. 243) — 4.47 (X — 47.901) 3)

Equations (3) is the model of stock market in the Philippines with minimum mean squared error (MSE)= 0.067.
From the four (4) parameters used in the study only two (2) parameters shown in the output model as the result of
the run. This model described that inflation and un employment rate has no contribution to the model as in
equation (3) above.

Further research is recommended for the improvement of the model. Any collaboration for creating a software for
this particular study is very much welcome.

Conclusion

Based on the result, it identified drivers of stock market activities to be the peso-dollar exchange rate and GDP. The
result suggests that, within this study, the sensitivities of the stock market in the Philippines relate more to changes
in the peso-dollar exchange and GDP, rather than to inflation or unemployment. Excluding the last sets of variables
could lead to an inference that they may not directly and significantly affect stock market movements at least within
the time period and conditions given in this research.

Recommendation

Further refinement and cross-validation approach should also be applied to check the model's efficiency in
prediction. The research could be extended easily to include more predictors, such as interest rates, inflows of
foreign investment, or indices reflecting consumer-sentiment factors that influence the stock market.

Furthermore, Policymakers and financial regulators ought to take into account the identified critical factors—the
peso-dollar exchange rate and GDP—when developing strategies aimed at stabilizing or stimulating the stock
market. Gaining insight into these interconnections can facilitate informed decisionmaking that fosters economic
growth.
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