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Abstract: Problems involving mathematical models are commonly found across various scientific dis-
ciplines, such as physics, chemistry, biology, economics, and engineering. These mathematical models
are used to represent complex real-world phenomena in order to analyze and understand them quan-
titatively. However, in practice, these models often take the form of complex, nonlinear, or high-di-
mensional equation systems, which are not easily solved using standard analytical methods or conven-
tional algebraic formulas. To overcome these limitations, numetical methods are employed as an alter-
native approach. Numerical methods provide solutions to mathematical problems by relying on com-
putational techniques and iterative procedures. One of the key topics within numerical methods is the
solution of Simultaneous Linear Equation Systems (SLES), which frequently arise in practical applica-
tions such as structural analysis, fluid dynamics, and economic modeling including structural assess-
ment, flow dynamics, and economic forecasting. Solving these systems often requires a large number
of iterative calculations, making manual computation inefficient and time-consuming. Therefore, the
use of computational software such as MATLAB becomes essential in both learning and applying these
methods. MATLAB provides a broad array of functions and numerical tools this significantly support
an efficient and accurate solution of linear equation systems. In an educational context, the use of
MATLAB not only simplifies the computational process but also aids students in understanding fun-
damental concepts of numerical methods through visualization, simulation, and digital experimenta-
tion. Thus, integrating MATLAB into the learning process of numerical methods greatly enhances
teaching and learning effectiveness, while also strengthening students' computational skills in solving

real-world scientific and engineering problems.
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1. Introduction

An ability to understand and solve systems of simultaneous linear equations [1] is a
fundamental competency in mathematics and engineering education. These systems appear
frequently in various real-world applications, including electrical circuits, structural analysis,
economic models, and data fitting problems. However, for many students, mastering the
concepts and methods used to solve such systems particularly when dealing with multiple
variables, can be challenging when approached through traditional, theoretical instruction
alone. To address this issue, the integration of technology into the learning process has
become increasingly important. One such technological tool is MATLAB [2] (Matrix
Laboratory), a high-level programming environment widely used in both academic and
professional settings for numerical computation, data analysis, and algorithm development.

MATLAB’s [3] matrix-oriented structure and powerful visualization capabilities make it
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particularly well-suited for teaching and learning topics in linear algebra. This study proposes
a MATLAB[4]-based learning approach as an alternative to traditional teaching methods for
simultaneous linear equation systems[5]. By incorporating interactive simulations, visual
representations, and real-world problem-solving activities into the learning process, this
approach aims to improve students' conceptual understanding and practical skills. The use of
MATLAB not only facilitates deeper comprehension of abstract mathematical principles but
also helps students develop digital literacy and computational thinking, skills that are
increasingly essential in the modern STEM landscape. Through this approach, students are
expected to engage more actively with the learning material, explore multiple solution
strategies, and better appreciate the applications of linear algebra in various fields. This paper
outlines the design, implementation, and potential benefits of using MATLAB as an
instructional tool to enhance the learning experience for systems of simultaneous linear

equations[0].
2. Preliminaries or Related Work or Literature Review

2.1. Definition of a Linear Equation

A linear equation [7] is one of the most fundamental forms of equations in algebra.
Although it is considered basic, it plays a crucial role in understanding more advanced
mathematical concepts. A linear equation[8] is characterized by the presence of a single
variable raised to the power of one (first degree), accompanied by constants. Because the
variable is only to the first power and does not involve higher-order exponents, roots, or other
non-linear operations, the relationship between the variable and the constants is direct and
proportional.

The term “linear” comes from the word “line,” referring to its graphical characteristic:
when a linear equation[9] is plotted on a Cartesian coordinate system, it always produces a
straight line. This property makes linear equations an effective tool for illustrating and
analyzing the relationship between two quantities that are linearly related.

Linear equations are not only relevant in mathematical theory but also have numerous
practical applications in everyday life. For instance, in economics, linear equations can be used
to calculate production costs; in physics, they help analyze the relationship between speed and
time; and in engineering, they assist in planning and performing technical calculations for
various projects. For these reasons, understanding linear equations is essential not only for
students but also for anyone involved in science and technology.

For general, the standard form of a one-variable linear equation[10] is written as:
cy+d=0

Explanation:

e cis the factor, the number indicating how many times the variable is multiplied.
ey represents the elemen, a symbol denoting an unknown value.

e dis the constant, a fixed number without a variable.

It is important to note that linear equations [11]have a counterpart in mathematics
known as linear inequalities. While linear equations state that two expressions are equal, linear
inequalities express relationships such as greater than, less than, greater than or equal to, and
maximum or at most. However, in this discussion, we will focus on linear equations, and

inequalities will be addressed at another time.
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Before we dive deeper into solving linear equations[12], it is important to first
understand the basic algebraic terms that form the core components of these equations. Here
are explanations of four key terms:

e Coefficient is the number attached to the variable and indicates how many times the
vatiable is counted. For example, in the equation 3y + 2 = 0, the number 3 states a
coefficient from y, meaning that y equals multiplied by three.

e A variable tells a symbol that stands for an unknown value. Variables are essential in
algebra as they allow us to form equations from uncertain situations. Commonly, variables
are denoted by letters such as x, y, a, b, etc.

e Constant is a fixed value unaffected by the variable. In the equation 3x + 2 = 0, the
number 2 is the constant because it does not change and is not associated with a variable.

e Term is a part of an equation that can consist of a coefficient, variable, and/or constant,
separated by addition (+) or subtraction () signs. In the example 3x + 2 = 0, there are
two terms: 3x and 2.

By understanding these basic components, we will have a solid foundation for comprehending

and solving various forms of one-variable linear equations[13]. This knowledge will be

especially helpful when we begin discussing solution methods, such as moving terms to the
other side, simplifying the equation, or graphing it. Next, let’s explore in more detail how the
general form of a linear equation|[14] is used in different contexts, both in academic settings
and everyday life. The general form ax + b = 0 is not only used in math exercises but also has
broad applications in vatious fields, such as economics, engineering, and social sciences. For
example, in economics, a linear equation can be used to calculate total spending based on the
number of items purchased and the price per unit. In engineering, it can represent the
relationship between voltage and electric current in a simple circuit. Even in daily life, a linear
equation can help us estimate travel time based on speed and distance.To understand and
solve linear equations, there is a systematic process we can follow to find the value of the
unknown variable. This process is known as solving a linear equation, and its objective is to
determine the variable's value that balances both sides of the equation. The process involves:
1. Simplify each side of the equation, if necessary, by performing operations like
multiplication, division, or removing parentheses. This helps make the equation easier
to work with.
2. Move terms to the appropriate side, usually by adding or subtracting terms on both
sides so that variables are grouped on one side and constants on the other.
3. Divide or multiply both sides, if needed, to isolate the variable and obtain its final
value.
For example, consider the following equation:
To solve the equation 4y + 8 = 0:
1. Isolate the variable term:
Deduct 8 from both sides of the equation:
— 4y+8—8=0-6 — 4y=-8
2. Solve fory:
Divide both sides by 4 to isolate y:
— 4y= -8

The solution satistying the equation is y =—2.
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By following these systematic steps, we can solve various forms of one-variable linear
equations more easily and in a structured way. Understanding how linear equations|[15] work
and how to solve them not only helps with solving math problems but also develops logical,

analytical, and problem-solving skills that are useful in real-life situations.

2.2 The Matrix Laboratory

Softwaere MATLAB (Matrix Laboratory) is an advanced programming platform and
mathematical computation suite created by MathWorks.

Since its initial release, MATLAB has become one of the most popular and reliable tools
in the fields of science and technology, patticularly for performing numerical data analysis,
mathematical modeling, system simulation, and the development and implementation of
algorithms. This platform is specifically designed to support professionals across various
disciplines such as engineering, physics, mathematics, statistics, finance, and computer science.
Its use has expanded into industry, academia, and research and development (R&D), making
MATLAB a primary tool for data-driven decision-making and computational experimentation.

With its intuitive programming interface and syntax structure that closely resembles
conventional mathematical notation, MATLAB makes it easier for users from diverse
backgrounds, including those not specialized in engineering or computer science to learn and
use the language effectively. Its concise and expressive syntax allows users to complete
complex tasks with relatively few lines of code. This makes MATLAB highly suitable for
education, prototyping, and rapid, efficient development of technical systems.

Central to MATLAB’s utility is its proficiency in handling matrix operations for
efficiently handling and manipulating matrix-based data structures. Almost all variables in
MATLAB are represented as matrices whether scalars, vectors, or multidimensional arrays.
This capability is crucial because data in many engineering and scientific applications is often
organized in tables or two-dimensional arrays. Mathematical operations such as matrix
multiplication, inversion, transposition, and decomposition can be performed with simple,
internally optimized syntax, making it faster and more accurate than many general-purpose
programming languages.

Moreover, MATLAB delivers a comprehensive suite of integrated operations and
dedicated modules for multifaceted data analytics and processing needs, including signal
processing, digital image processing, domains span automated regulation, adaptive algorithms,
hierarchical neural networks, and massive-scale data mining. These features allow users to
focus on analytical or experimental aspects without having to build algorithms from scratch,
significantly shortening system development time and reducing the risk of manual
computational errors.

MATLAB also offers excellent data visualization capabilities, enabling users to present
data and analysis results in the form of 2D and 3D plots, interactive diagrams, and even
animations. This greatly aids in interpreting results, validating models, and effectively
communicating findings to colleagues or within scientific forums. With support for creating
graphical user interfaces (GUIs), MATLAB also allows for the development of interactive
applications that others can use without direct access to the source code.

Furthermore, MATLAB integrates well with various platforms and systems, such as

Python, C/C++, and Java programming languages, as well as hardware systems like Arduino,
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Raspberry Pi, and other signal processing devices. This flexibility makes MATLAB an effective
bridge between software development and hardware implementation in a wide range of
technical and scientific projects.

Overall, MATLAB is not just a programming language but an integrated environment
for exploring, modeling, and solving numerical computing problems.Due to its dependable
performance in matrix computations, intuitive syntax, and powerful tools for visualization and
data analysis, it serves as a vital resource across various fields, including academia, scientific
research, and industrial applications.

Using MATLAB can accelerate innovation, reduce development time, and enhance the
quality of data-based analysis and decision-making.
Below are some key aspects and standout features of MATLAB:

1. Numerical Computing Environment
MATLAB is one of the most powerful and comprehensive numerical computing
environments available today. It is specifically designed to handle large-scale, high-precision
numerical computations, making it highly reliable for various analytical and mathematical
modeling processes. Its capability to solve complex computational problems involving
thousands or even millions of data elements makes it ideal for many engineering and scientific
fields.

MATLAB users can easily perform quantitative data analysis, develop numerical models
of physical phenomena, and solve ordinary and partial differential equations (ODEs and
PDEs), commonly found in mechanical, thermal, fluid, and electromagnetic systems.
MATLAB is also highly effective for dynamic system simulations, such as feedback control
systems, vibration systems, or power grids, where complex mathematical models must be
simulated accurately and efficiently in both time and frequency domains.

In control engineering, for example, MATLAB is used to design, simulate, and evaluate
the performance of controllers such as PID, state-space, and optimal control. Engineers can
test system models virtually before real-world implementation, saving both time and costs in
the design and development process.

MATLAB also plays an important role in economic and financial modeling, where
market systems or consumer behavior are often represented through complex and dynamic
mathematical equations. With MATLAB?’s ability to solve nonlinear equation systems, analyze
parameter sensitivity, and simulate various scenarios, economists and financial analysts can
make more accurate forecasts and plans.

Another advantage of MATLAB as a numerical computing environment is its support
for high-precision floating-point arithmetic and symbolic computing (through integration with
the Symbolic Math Toolbox). This provides users with the flexibility to conduct deeper
mathematical explorations and validate numerical results using analytical methods.

As such, MATLAB not only offers speed and precision as a numerical computing
environment but also provides a unified framework that facilitates scientific exploration,
system design, and model-based decision-making more efficiently and effectively.

2. High-Level Programming Language

MATLAB is more than just a numerical computing environment; it is also a high-level

programming language designed with readable, expressive syntax that closely resembles

mathematical notation. As a result, it is ideally positioned for a broad spectrum of users,
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including students and experts in engineering and science, who seek streamlined development
of technical and data-driven software applications. MATLAB enables the use of up-to-date
programming approaches, including procedural, functional, and OOP methodologies.

With these paradigms, users can build more organized, modular, and manageable
program structures. For example, with an object-oriented approach, users can create classes
and objects to represent system components or program logic, making application
development more flexible and problem-oriented.

Users can also create custom functions and scripts for reusable tasks, which is
particularly useful for projects involving automated processes, parameter testing, or repetitive
data analysis. The readable and consistent structure of MATLAB code promotes effective
team collaboration.

Another standout feature is the ability to develop graphical user interfaces (GUIs) easily
through App Designer or GUIDE. With this, users can design interactive application
interfaces without writing extensive code, enabling the creation of standalone desktop
applications that others can use without needing to understand the undetlying algorithms.

Moreover, MATLAB provides debugging and code performance analysis tools that are
essential for development. Features like breakpoints, profilers, and live scripts help users
identify errors, evaluate algorithm efficiency, and document analyses dynamically. Thus,
MATLAB is not only a computation tool but a complete platform for developing software
solutions that can be integrated into industrial or academic systems.

Furthermore, MATLAB supports code compilation into executables (.exe) and
integration with other languages like Python, C/C++, and Java, allowing cross-platform
interoperability and implementation. This offers developers great opportunities to turn
prototypes into real applications deployable across various operational systems.

In short, by providing a strong and flexible high-level programming environment,
MATLAB enables users not only to solve numerical problems but also to design, build, and
distribute functional and efficient technical applications across multiple sectors.

3. Matrix Management and Operations

One of MATLAB’s most fundamental and distinguishing strengths is its matrix
management and operation capabilities. True to its name, MATrix LABoratory, MATLAB is
built on the premise that almost all data, whether scalars, vectors, 2D arrays, or
multidimensional arrays are treated as matrices. This approach offers remarkable advantages
in terms of simplicity, efficiency, and speed when handling complex mathematical operations.

With this matrix-based structure, users can perform various linear algebra operations
directly, such as multiplication, inversion, determinant calculation, transposition, and LU, QR,
and SVD decomposition, as well as eigenvalue-eigenvector analysis, often with just one or two
lines of code. These operations are critical in many technical and scientific applications such
as dynamic system analysis, signal and image processing, machine learning, and structural
mechanics computations.

For instance, in modeling mechanical or electrical systems, large linear equation systems
often represent the interrelationships of system components. MATLAB can solve these
systems quickly using optimized solvers, making it very useful for real-time simulations and

parameter-heavy scenario analysis.
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MATLAB also provides special matrix operators and functions optimized for large-scale
array processing. Operators such as .*, ./, and ." allow element-wise operations without the
need for explicit loops, resulting in more concise and efficient code.

Its matrix manipulation capabilities also include flexible indexing and slicing, enabling
users to easily access, modify, and extract specific parts of matrices. This is particulatly useful
in big data applications where memory efficiency and data access speed are critical.

In relation to machine learning and Al, where most data is processed in the form of
matrices or tensors, MATLAB excels with strong integration and also Ultilizing resources such
as the Statistics and Machine Learning Toolbox and the Deep Learning Toolbox, which
leverage matrix operations for model training, classification, and regression. MATLAB’s
streamlined and accessible matrix operations position it as a preferred solution for tackling
advanced numerical tasks. This strength not only accelerates computations but also allows
users to focus on the core logic and concepts of the problems without being burdened by
technical implementation details.

4. Data Visualization

MATLAB offers numerous flexible and user-friendly tools for visualizing data
interactively. Including both straightforward 2D plotting and intricate 3D rendering with
animations, MATLAB enables users to represent data and analysis results visually, making
them easier to understand and present whether in technical reports or scientific presentations.

5. Applications in Industry and Academia

MATLAB is widely used beyond academia. In industry, it is used for system design and
analysis, signal and image processing, control system development, and financial and risk
modeling. In research, MATLAB is often used for numerical experiments, algorithm
prototyping, and data exploration in scientific projects.

6. User Community and Support

MATLAB has an active global user community, complete with discussion forums, file
exchanges, and comprehensive official documentation. This enables both new and
experienced users to easily find solutions, inspiration, and learning resources to deepen their

expertise.

7. Toolboxes (Add-Ons)

A major strength of MATLAB is its vast library of toolboxes, specialized add-on
packages designed for specific needs like the Signal Processing Toolbox or the Image
Processing Toolbox, Deep Learning Toolbox, Financial Toolbox, and many more. These
toolboxes provide ready-to-use functions that accelerate development and reduce the
workload of building systems from scratch.

MATLAB is not just a programming language; it is a comprehensive technical
computing ecosystem. Its flexibility, ease of use, and broad capabilities make it an invaluable
tool for accelerating innovation, research, and development across various fields of science
and technology. For professionals and researchers alike, mastering MATLAB can be a crucial

asset in addressing modern computational challenges.
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3. Proposed Method

In this study, the proposed method focuses on the use of MATLAB as an interactive
learning medium to understand and solve systems of simultaneous linear equations. This
method aims to improve both the theoretical grasp of linear algebra principles and the hands-
on abilities needed to tackle mathematical problems through numerical and visual techniques.

The proposed method consists of the following steps:
1.Introduction to Theoretical Concepts

Students are first introduced to the fundamental theories of linear equation systems,
including solution methods such as Gaussian elimination, substitution, and matrix methods
(inversion and Gauss-Jordan elimination). The goal of this stage is to provide a conceptual
foundation before moving on to computational implementation.
2.Interactive Simulation Using MATLAB

After understanding the theoretical concepts, students are given MATLAB-based
practical modules designed to explore various solution methods for linear equation systems.
These modules include the use of basic commands such as inv (), rref(), and the matrix operator
\ to solve systems in the form of Ax = b.
3.Visualization of Process and Solutions

MATLAB is used to visualize the solutions in the form of two-dimensional or three-
dimensional graphs (if the system involves only two or three variables). This aims to help
students better understand the geometric interpretation of linear systems, such as the point of
intersection of lines or planes as the solution.

4. Application to Real-World Case Studies

To improve the relevance of the learning process, this method also includes exercises
where students apply systems of linear equations to real-world contexts, such as electrical
circuit analysis, simple economic models, or resource distribution problems. Students are
tasked with constructing the mathematical model of the problem and then solving it using
MATLAB.
5.Evaluation and Learning Reflection

Evaluation is carried out through practical quizzes, individual reports, and learning
reflections. Additionally, automated feedback from MATLAB scripts is provided to indicate
whether the submitted solutions are correct and in accordance with the chosen method.
Advantages of the Proposed Method
1.Interactive and Practical: Utilizes MATLAB's visualization and interactive features to
enhance student engagement and understanding.
2.Problem-Based Approach: Encourages students to relate abstract concepts to real-world
applications.
3.Strengthening Digital Competency: Students not only learn mathematics but also gain
technical skills in MATLAB programming.

With this approach, the learning process for solving systems of linear equations is
expected to be not only theoretical but also practical and contextual, making it more effective

in building conceptual understanding and students' problem-solving abilities.
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4. Results and Discussion
We will use MATLAB in this session to solve a linear equations system (SLE) using the

inverse of a matrix. The equations to be solved are as follows.

Equation 1 : 10x1 - xz + 2x3 + Ox4 = 0

Equation 2 : -x; +11xz - x3 + 3x4 = 25

Equation 3 : 2x5 - xp +10x3 - x4 = -11

Equation 4 : Oxq + 3x3 - x3 + 8x4 = 15

Step-by-Step Solution:

1.Matrix Representation

Represent the SLE as C - Y = E:
C = Coefficient matrix (4x4)
Y = Variable vector [y1; y2; V3; V4l
E = Constant vector
From the equations:
A=T10,-1, 2, 0;-1,11,-1
B =[6;25;-11; 15];

Solution via Matrix Inverse

, 3;2,-1,10,-1;0, 3,-1, 8];

Compute the solution using:
X =inv(A) X B

c=1o0,-1, 2, 0, -1,11,-1, 3;2,-1,10,-1;0, 3,-1, §;
E =1[6;25;-11; 15];

C_inv = inv(C);

Y = C_inv * E;

% Display results

disp('Solution:");

fprintf('yq = %.4f\n", Y(1));

fprintf('y, = %.4f\n', Y(2));

fprintf('yz = %.4f\n", Y(3));
fprintf('ys = %.4f\n', Y(4));

Output:

The answer:
y1 = 1.0000
y2 = 2.0000
yz = -1.0000
ya = 1.0000

Verification by Substitution:

1.Equation 1: 10(1) - (2) + 2(-1) + 0(1) = 10-2-2 = 6 — Valid!
2.Equation 2: -(1) + 11(2) - (1) + 3(1) =-1 + 22+ 1 + 3 = 25 — Valid!
3.Equation 3: 2(1) - 2) + 10(-1)- (1) =2-2-10-1 =-11 — Valid!

4. Equation 4: 0(1) + 32) - (-1) +8(1) =0+ 6+ 1 + 8 = 15 — Valid!
Important Notes:

1.Numerical Efficiency:
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While X = inv(A)*B works for small matrices, the backslash operator X = A \ B is
preferred:
Better numerical stability

Higher computational efficiency (uses LU/QR decomposition)

X =A\B;

1.Invertibility Conditions:

The inverse exists only if:

A is square (nXn)

det(A) # 0 (non-singular matrix)

MATLAB Warnings:

If A is ill-conditioned (nearly singular), MATLAB issues:

Warning: Numerical instability detected: matrix is almost singular or badly scaled.

2. Shortcomings of the Technique

Matrix inverse is computationally inefficient for large matrices (>100x100).

For large/sparse systems, use:

Iterative methods (Jacobi, Gauss-Seidel)

Matrix decomposition (LU, Cholesky)

It can be conclused that the solution X = [1; 2; -1; 1] is verified and consistent. This
demonstrates a valid application of the matrix inverse method for small SLEs in MATLAB,
while emphasizing best practices for numerical computation. For larger systems, always

prefer A \ B over explicit inversion.
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Figure 1. The following is an image of the results of matrix inversion based on Matlab.

6. Conclusions

The conclusion of the title "MATLAB-Based Learning of Simultaneous Linear Equation
Systems" indicates that the use of MATLAB as a learning tool has great potential in helping
individuals understand and solve systems of lineat equations simultaneously. MATLAB, with
its various advanced features and data processing capabilities, allows users to analyze and
visualize complex mathematical problems in a more intuitive way. Thus, users can not only
solve equations but also gain deeper insights into the relationships between variables within
the system. Additionally, this software supports interactive simulations and experiments,
which can enrich the learning experience and encourage further exploration. With this ap-
proach, it is hoped that students can enhance their understanding and skills in mathematics,
as well as prepare themselves for greater challenges in the future. The use of MATLAB in
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this educational context also reflects the importance of technology in modern learning pro-
cesses, where interactivity and visualization are key to understanding complex concepts.
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