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Annotation. The article examines methods to accelerate the approximation of the
approximate solution to a system of linear algebraic equations using the Monte Carlo method.
Solving systems of linear algebraic equations is crucial for addressing many scientific and
engineering problems, especially in computational models and simulations. The Monte Carlo
method seeks solutions randomly, employing a probabilistic-statistical approach, which often
requires high-level precise computations. The article also analyzes strategies used to accelerate
the convergence of step-by-step solutions to enhance the efficiency of the Monte Carlo method
for solving systems of linear equations. As a result, these methods not only increase the solution
speed but also reduce computational costs.
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INTRODUCTION
The system of linear algebraic equations is one of the fundamental problems widely applied in
various scientific and engineering fields. It plays a crucial role in physics, economics,
engineering, and computer sciences, as well as in simulation and optimization processes.
Solving systems of linear algebraic equations, especially when dealing with large-scale
systems, becomes challenging with traditional analytical methods. Therefore, iterative methods,
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such as the Monte Carlo method, play a significant role in enhancing computational efficiency
and accelerating solutions.

The Monte Carlo method is based on searching for solutions randomly using a
probabilistic approach. The main advantage of this method is its effectiveness in numerous
complex systems, particularly in cases where analytical solutions do not exist or are uncertain.
However, the primary limitation of the Monte Carlo method is the convergence rate of the
solution. In large-scale systems, this process significantly slows down, leading to extended
computational time.

This study analyzes various methods and approaches used to accelerate the
convergence of approximate solutions for systems of linear algebraic equations using the
Monte Carlo method. By employing parallel computing, optimization algorithms, and
other efficient approaches, it is possible to improve the convergence rate of solutions and
reduce computational costs. Additionally, this work demonstrates how the Monte Carlo
method is applied in various fields, including scientific computing and industrial
simulations.

This study presents modern approaches and methods for obtaining solutions to

systems of linear algebraic equations more efficiently and rapidly.

LITERATURE REVIEW

There are numerous scientific studies on solving systems of linear algebraic equations.
The literature in this field primarily focuses on developing exact or approximate solution
methods, finding efficient techniques for obtaining solutions, and minimizing computational
costs.

The Monte Carlo method and its mathematical foundations first emerged in the mid-20th
century. The initial version of the Monte Carlo method, developed by Metropolis and Ulam
(1949), was found to be effective in obtaining solutions through a stochastic approach. Later,
this method was applied in various fields, including solving systems of linear equations.
Metropolis and his colleagues evaluated the quality and efficiency of this method through their
research.

There are numerous scientific studies on iterative methods for solving systems of linear
equations. Traditional iterative methods such as the Gauss-Seidel and Jacobi methods are

widely used. However, these methods can be extremely slow and inefficient when dealing with
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large-scale and high-dimensional systems. For this reason, modern research has focused on
optimizing the Monte Carlo method to enhance convergence speed and improve efficiency.

A review of the literature shows that the Monte Carlo method is widely applied as an
effective approximate method for solving systems of linear algebraic equations. Additionally,
parallel computing, optimization algorithms, and other modern approaches are employed to

improve the convergence rate of solutions and enhance computational efficiency.

DISCUSSION AND RESULTS

This study examined the efficiency of applying the Monte Carlo method to solving
systems of linear algebraic equations and explored various approaches to accelerate solution
convergence. The key findings and conclusions of the research are as follows:

Efficiency of the Monte Carlo Method: The Monte Carlo method is an effective
probabilistic approach for solving systems of linear equations, providing approximate solutions
based on stochastic techniques. However, its primary drawback is the slow convergence rate.
In large-scale systems, this process significantly slows down and requires a substantial amount
of time to obtain a solution.

Application of the Monte Carlo Method in Large Systems: Research findings indicate
that applying the Monte Carlo method to large-scale systems presents certain challenges.
However, the use of parallel computing and optimization techniques can enhance solution speed
and improve efficiency. This is particularly beneficial in industrial and scientific computing
applications.

Reduction of Computational Costs: Optimizing the Monte Carlo method not only
accelerates solution time but also helps reduce computational costs. This is especially critical
for systems operating under resource constraints. Reducing computational expenses and

achieving faster results expand the practical applicability of the method.

RESULTS
e The application of the Monte Carlo method in combination with parallel computing and
optimization techniques significantly enhances efficiency in solving systems of linear

algebraic equations.
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e The accuracy and speed of solutions in large-scale systems improve considerably,
expanding the practical applicability of the method.

e The obtained results demonstrate the potential for reducing computational costs and
saving time.

The study results indicate that the Monte Carlo method can achieve high efficiency in
solving systems of linear equations, especially when integrated with parallel computing and
optimization approaches. This method is particularly valuable for solving complex and large-
scale systems in practical applications. Future advancements in this approach are expected to
further improve its performance and expand its use in other fields, such as simulation and

statistical computing.

RESEARCH METHODOLOGY

The research methodology is based on studying the application of the Monte Carlo
method for solving systems of linear algebraic equations and exploring various approaches to
accelerate solution convergence. The methods employed in this study are as follows:

Literature Review: In the initial stage of the research, existing literature was analyzed
to understand the Monte Carlo method, its mathematical foundations, and its application to
solving systems of linear algebraic equations. This phase involved reviewing scientific studies
on the advantages and limitations of the Monte Carlo method, its use in large-scale systems,
and techniques for improving convergence speed.

Theoretical Analysis and Modeling: The study developed mathematical models of the
Monte Carlo method and examined its theoretical application to systems of linear algebraic
equations. Theoretical analysis was conducted to explore techniques for accelerating solution
convergence, particularly through parallel computing, optimization algorithms, and simulation-
based approaches.

Experimental Approach: Computer simulations were conducted to test different
variations of the Monte Carlo method. Using modeling and simulations for large-scale systems,
the convergence speed and computational efficiency of the solutions were measured. The
performance and speed of each method were compared. The simulations were implemented
using computer software, enabling an assessment of the practical effectiveness and efficiency
of the proposed methods.

Parallel Computing Methods: Parallel computing techniques play a crucial role in
enhancing the efficiency of Monte Carlo simulations. The study incorporated parallel
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computing approaches to reduce computation time and accelerate processing. To evaluate the
effectiveness of parallel computing, tests were conducted using multi-processor systems and
multi-core computers. These tests demonstrated how parallel computing can significantly
improve the performance of the Monte Carlo method in solving large-scale systems of

equations.

CONCLUSION

Parallel computing and optimization approaches serve as effective methods for enhancing
the efficiency of the Monte Carlo method and accelerating solution convergence. The research
findings indicate that these approaches not only speed up solutions but also reduce
computational costs and improve result accuracy. The practical application of these methods
enables the Monte Carlo method to provide efficient and fast solutions for complex systems
and large-scale problems.

In the future, further advancements in these methods are expected, along with their
broader application in other fields such as scientific computing, simulation, and statistical

analysis.
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