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Abstract:- This paper aim to enhance computational
precision in solving linear systems by incorporating
advanced numerical techniques into a user-friendly
Graphical User Interface (GUI). The implemented
methods include LU Doolittle Decomposition, LU Crout
Decomposition, Gauss-Seidel, Jacobi Iteration, and Over
relaxation. A comprehensive literature review provides
insights into existing approaches and GUI frameworks
for linear system solvers. The methodology focuses on
GUI design considerations and utilizes MATLAB 2022a
for implementation. Through examples and evaluations,
the performance of the methods was analyzed, although
exact solutions are not found within the provided
examples. The research highlights the strengths and
limitations of each method, emphasizing the need for
further improvements and adjustments. The findings
contribute to GUI-based linear system solvers and
suggest future work in convergence improvement, error
analysis, GUI enhancements, and extension to nonlinear
systems, performance comparison, and user feedback.
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I. INTRODUCTION

Linear systems are prevalent in various scientific and
engineering disciplines, serving as a fundamental tool for
mathematical modeling and analysis. They arise in diverse
applications, such as electrical circuits, structural mechanics,
fluid dynamics, optimization problems, and data analysis.
The solutions to linear systems provide valuable insights
into the behavior and characteristics of the underlying
processes or systems being studied. Accurate and efficient
solutions to linear systems are crucial for obtaining reliable
results and making informed decisions. Inaccurate solutions
can lead to erroneous conclusions and impact the validity of
subsequent analyses. Additionally, computational efficiency
is vital, particularly when dealing with large-scale linear
systems, as it directly affects the time required to obtain
solutions. Therefore, advancements in computational
precision and the development of effective numerical
techniques for solving linear systems are of great
importance. Existing GUI frameworks for solving linear
systems often lack support for incorporating advanced
numerical techniques, such as LU decomposition, iterative
methods (Gauss-Seidel and Jacobi), and over relaxation.
This restricts users' choices and hampers their ability to
select the most suitable method for their specific problem.
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More also various GUI frameworks lack robust input
validation mechanisms specific to linear systems. This can
lead to erroneous inputs and inaccurate solutions.
Additionally, error handling techniques within the GUI are
often insufficient, resulting in limited feedback to users in
the case of errors or inconsistencies. Despite the widespread
use of linear systems in scientific and engineering domains,
there are several challenges and limitations associated with
existing graphical user interface (GUI) frameworks for
solving these systems. These limitations hinder the accuracy,
efficiency, and user-friendliness of linear system solutions.
By addressing the aforementioned problems, this research
aim to enhance computational precision in solving linear
systems by improving the capabilities of GUI frameworks.
The research aims to provide users with a comprehensive
toolbox of advanced numerical techniques, robust input
validation and error handling mechanisms, and advanced
visualization tools. These enhancements will enable users to
obtain accurate and efficient solutions, make informed
decisions, and gain valuable insights from the analysis of
linear systems.

II. RELATED WORK

GUI frameworks play a crucial role in facilitating user
interaction with linear system solvers. This section reviews
existing frameworks, including MATLAB's Linear Algebra
Toolbox and SciPy's numerical computation library. The
evaluation focuses on their user interface design,
functionality, and available features. The review reveals
limitations in the current GUI frameworks, emphasizing the
need for enhancements to improve user experience and
incorporate a wider range of numerical techniques
(MATLAB, 2021, Virtanen et al., 2020).

The authors in (Ullah & Bae 2016) present a graphical
user interface (GUI) for solving linear systems using both
direct and iterative methods. The GUI provides an intuitive
interface for inputting system matrices, selecting solution
methods, and visualizing the results. The paper discusses the
design principles and usability of the GUI framework.

The work of  (Chreiber & Matsumoto, 2017))
introduces GUIBENCH, a benchmarking tool for evaluating
GUI frameworks for linear algebra computations, including
linear system solvers. The tool measures performance,
usability, and visualizations offered by different GUI
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frameworks. The paper discusses the methodology and
results of benchmarking various GUI frameworks.

Similar work of (Li et.al, 2018) presents the design and
implementation of a GUI framework for solving linear
systems. The GUI allows users to input system matrices,
choose solution methods (direct or iterative), and visualize
the solutions. The paper discusses the design considerations,
features, and usability of the GUI framework.

The work of (Sedlmair et.al, 2014) discusses design
study methodology in the context of visualization tools for
linear systems. It provides insights into the iterative design
process, evaluation techniques, and considerations for
creating effective and user-friendly visualizations. The paper
offers practical guidance for designing GUI enhancements
with a focus on visualization.

More also (Diehl et.al, 2016) presents HPCGVis, a
visualization tool for iterative solvers in large linear
systems. It enables the visual exploration of iterative solver
convergence, residual analysis, and system matrices. The
paper discusses the design principles, interaction techniques,
and insights gained from using the visualization tool.

The work of by (Carletti et.al, 2013) presents a
MATLAB GUI framework that integrates the conjugate
gradient method for solving linear systems. The GUI
provides an intuitive interface for selecting system matrices,
setting convergence criteria, and visualizing the solution
process. The work discusses the design principles and
usability of the GUI framework.

(Li & Xia, 2011) introduces a GUI-based approach for
implementing LU decomposition and its application in
solving linear systems. The GUI allows users to input
matrices, choose solution methods, and visualize the LU
factorization process. The work discusses the design and
implementation of the GUI framework and its effectiveness
in solving linear systems.

(Rahmat & Majid, 2019) in their work, present the
implementation of the over relaxation method within a
MATLAB GUI framework for solving linear systems. The
GUI provides options for inputting system matrices,
selecting relaxation parameters, and visualizing the
convergence behavior. The work discusses the integration of
the over relaxation method into the GUI framework and its
usability.

The literatures reviewed highlight the significant
advancements in GUI frameworks, advanced numerical
techniques, and visualization tools for linear system solvers.
These developments have led to the creation of user-friendly
interfaces, improved solution capabilities, and enhanced
visualization options, ultimately facilitating efficient and
accurate solutions to linear systems. The integration of
advanced techniques within GUI frameworks, along with
the availability of comprehensive software tools, provides
valuable resources for researchers and practitioners in the
field.
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II1. METHODOLOGY

This section discusses the methodology employed for
solving linear systems using various advanced numerical
techniques. The chapter begins with an overview of the
selected methods, namely LU Doolittle Decomposition, LU
Crout Decomposition, Gauss-Seidel, Jacobi Iterative, and
Over relaxation. Each method will be presented with its
mathematical formulation and a step-by-step algorithmic
description. Additionally, mathematical examples will be
provided to illustrate the application of each method.

» LU Doolittle Decomposition

The LU Doolittle Decomposition is a method for
solving linear systems by decomposing the coefficient
matrix into lower and upper triangular matrices. The method
is based on the assumption that the coefficient matrix can be
factorized as A = LU, where L is a lower triangular matrix
and U is an upper triangular matrix. The mathematical
formulation of LU Doolittle Decomposition is as follows:

Given a linear system Ax = b,
e Decompose A into L and U matrices: A= LU

Solve Ly = b using forward substitution.
Solve Ux =y using back substitution.

To illustrate the LU Doolittle Decomposition, let's
consider the following linear system:

2x+y+z=8
-3x-y+2z=-11
2x+y+2z=-3

Applying LU Doolittle Decomposition, we obtain:

00]
0]

By solving Ly = b and Ux =y using forward and back
substitution, respectively, we can find the solution for X, y,
and z.

» LU Crout Decomposition

Similar to LU Doolittle Decomposition, LU Crout
Decomposition is another method for decomposing a
coefficient matrix into lower and upper triangular matrices.
The difference lies in the assumption that the diagonal
elements of the lower and upper matrices are all equal to 1.
The mathematical formulation of LU Crout Decomposition
is as follows:

Given a linear system Ax = b,

e Decompose A into L and U matrices: A= LU
e Solve Ly = b using forward substitution.
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e Solve Ux =y using back substitution.

To illustrate the LU Crout Decomposition, let's
consider the same linear system as before:

2x+y+z=38
3x-y+2z=-11
2x+y+2z=-3

Applying LU Crout Decomposition, we obtain:

L=[100]
[-1.510]
[-111]
U=[211]
[0-1.52.5]
[000]

By solving Ly = b and Ux = y using forward and back
substitution, respectively, we can find the solution for x, ¥y,
and z.

» Gauss-Seidel Method

The Gauss-Seidel method is an iterative technique for
solving linear systems. It starts with an initial guess for the
solution and iteratively improves the solution until
convergence is reached. The method wupdates each
component of the solution vector based on the values of the
previous iteration. The mathematical formulation of the
Gauss-Seidel method is as follows:

Given a linear system Ax = b,

o Initialize the solution vector x(0).
e Iterate until convergence:

For each i from 1 to n, update x_i(k+1) using the
formula:

x_iMk+1) = (b i- Z(A_ij * x A K)VA_ii

» Jacobi Iterative Method

The Jacobi iterative method is another iterative
technique for solving linear systems. It updates each
component of the solution vector simultaneously based on
the values of the previous iteration. The mathematical
formulation of the Jacobi method is as follows:

Given a linear system Ax = b,

e [Initialize the solution vector x*(0).
e [terate until convergence:

For each i from | to n, update x_i"(k+1) using the
formula:

x_iNk+1) = (b_i- Z(A_ij * x_jrK)VA_ii

To illustrate the Jacobi iterative method, let's consider
the same linear system as before:
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4x+y-z2=6
x+3y-z=5
2x+y+5z=15

Starting with an initial guess x*(0) = [0, 0, 0], we
iteratively update the solution vector until convergence is
reached.

» Over relaxation Method

The over relaxation method is an iterative technique
that improves the convergence rate of the Jacobi or Gauss-
Seidel method by introducing an additional relaxation
parameter. The mathematical formulation of the over
relaxation method is as follows:

Given a linear system Ax = b,

¢ Initialize the solution vector x(0).
e [terate until convergence:

For each i from 1 to n, update x i"(k+1) using the
formula:

x_iMk+1) = (1 - @) * x_iNk) + (/A_ii) * (b_i - Z(A_ij *
x_j"(k))

Starting with an initial guess x"(0) = [0, 0, 0], we
iteratively update the solution vector until convergence is
reached, using an appropriate relaxation parameter ®. By
employing these various methods, such as LU Doolittle
Decomposition, LU Crout Decomposition, Gauss-Seidel,
Jacobi Iterative, and Over relaxation, we can solve linear
systems efficiently and accurately. The mathematical
examples provided demonstrate the step-by-step algorithms
and the application of each method in solving specific linear
systems. These methods offer flexibility and different
convergence characteristics, allowing users to choose the
most suitable approach- based on their specific
requirements.

Iv. DESIGN CONSIDERATIONS FOR GUI
INTEGRATION

The integration of the linear system solution methods
into a GUI requires careful design considerations to ensure a
user-friendly and intuitive interface for solving linear
systems. The following key design considerations will be
addressed:

e Input and Output: The GUI will allow users to
conveniently input the system matrix and the right-hand
side vector. It will provide an output display for
presenting the solution vector and other relevant
information, such as convergence criteria or error
estimates.

e Method Selection: The GUI will incorporate a
mechanism for users to select their desired solution
method from the available options. This can be
implemented using drop-down menus, radio buttons, or
other interactive elements.
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e Parameter Settings: Certain solution methods, such as
the Over relaxation method, require additional
parameters like the relaxation factor. The GUI will
include an interface for users to input and adjust these
parameters easily, enabling flexibility and control over
the solution process.

e Convergence Monitoring: To facilitate the use of
iterative methods like Gauss-Seidel and Jacobi, the GUI
will include visualizations or numerical indicators to
monitor the convergence behavior. This will allow users
to assess the convergence rate and take appropriate
actions if needed.

e Error Handling: The GUI will be equipped with error
handling capabilities to validate user inputs, check for
compatibility between matrix dimensions, and handle
any exceptions or errors that may occur during the
solution process. Appropriate feedback will be provided
to users in case of input errors.

V. SOFTWARE AND PROGRAMMING TOOLS

For the implementation of the GUI framework and
integration of the linear system solution methods, MATLAB
2022a version was utilized. MATLAB offers a
comprehensive set of tools and functions for numerical
computations, matrix manipulations, and graphical
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visualizations, making it well-suited for developing GUI-
based applications.

The GUI was developed using MATLAB's App
Designer tool, which provides a user-friendly drag-and-drop
interface for designing the GUI layout, adding interactive
components, and defining their properties and callbacks.
App Designer allows for the creation of visually appealing
and functional GUIs tailored to the requirements of solving
linear systems. In addition, MATLAB provides built-in
functions and libraries for performing LU decomposition,
iterative methods, and other advanced numerical techniques.
These functions can be readily utilized within the GUI
framework to implement the selected solution methods and
perform the necessary computations. By leveraging the
features and tools provided by MATLAB 2022a version, the
integration of the linear system solution methods into the
GUI can be efficiently implemented, offering users a
seamless and user-friendly experience for solving linear
systems.

VL RESULTS

The results of the aforementioned methods for solving
linear systems are presented below:

Method: LU Dolittle Decomposition ~ j]
# of equations: 3 x ini!:ial [vector \._falue o x 1
or single value]: .
# of significant figures: (10 [0 Chopping. True x: Result Process:
1) U=
1 5 3 o 1 5 3
2 & 2 10 [o] 4 -4
. & s I = o o 11
2) L=
1 o] (e
Termination Conditions g é.25 ?
Use true percentage error (Et). Es1(%) 3) D=
Use approximate percentage error (Ea). Es2(%) 98
Use function value at estimated root f(xr). Es2(%) 11
Maximum lteration (iMax): 100 Solve system
Fig 1 LU Dolittle Decomposition
Method: LU Crout Decomposition ~ 1 -
L x:
# of equations: 3 X |n|!‘.|al [vector \._falue 0 1
or single value]: .
# of significant figures: 10 O Chopping. True x: Result Process:
1) U=
; g g 13 1 0.357143 0.75
o] 1 0.5
o 6 s, 0 0 1
2)L=
-3.14286 -4.4408%9e-16
N » -4.4408%e-186
Termination Conditions 1 35 -1.11022e-16
Use true percentage error (Et). Es1(%) & 5 4
Use approximate percentage error (Ea). Es2(%) 3) D=
-3.142886
Use function value at estimated root f(xr). Es2(%) 2.5
Maximum lteration (iMax): 100 Solve system Save to ex

Fig 2 LU Crout Decomposition
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. ~
Method: Gauss Seidel ~ ;
. x initial [vector value
# of equations: 3 h [ [0.0,0] 8
or single value]:
-~
igni : 10 ing. :
# of significant figures [0 Chopping True x L - o 5 == i
I = E Dial — - 1 1 o o o 27 -~
3 1 rror bialeg z | 9. R ¥ EX =
1 3 3 3. 2. 1 T 5 5 3.9843137255
o No solution found 4 4.0000000000 0.8718954248 2.0314074074 8.0181345636 -0.42544457...
A- 0.2000 -9 5  |5.0000000000 1.0137102822 1 68 7 0.04553258651
" 6 6.0000000000 0.9985327536 2.0003597011 8.0002076917 -0.00487280...
7 T 1.0001570219 1.9999615055 7.9999777732 0.0005214784
| 8 8.0000000000 0.9999331958 2.0000041196 &.0000023787 -0.00005580...
o $.0000000000 1.00000179284 1 1 7 454 0
. - g 10 10. e O 7S 2. 8. 73 -0.
Termination Conditions Frum T 1 —r - o
12 12, .o 2. 2. -0.
Use true percentage error (Et). Es1(%) 3 = 4 = s o
14 14, . 1. 2. 2. 0.
O Use approximate percentage error (Ea). Es2(%) 15 |1s. 1 2 8 o
16|16 1 2 a. o -
[0 Use function value at estimated root f(xr). Es2(%) < >
Maximum Iteration (iMax): 100 Solve system Save to excel
Fig 3 Gauss Seidel
- - 1 -~
Method: Jacobi lterative ~ >
iigil [ Error Dialo — =
- x initi 9 8
# of equations: 3 3
or sir
No solution found had
igni : 10
# of significant figures: 0 Chop| = . oo P = e
1 1.0 o o o 27.00000000 -~
3 1 -4 -27 2 |2.0000000000 -9.00000000... 1.8000000000 6.9529411765 -26.0117647...
3 3.0000000000 -0.32941176. 52635294118 8.0117647059 -0.77176470
1 3 0-2000 5-4000 4 4.0000000000 -0.07215686... 2.4439215686 9.7433910035 -9.74611303...
A_ 02000 -9 1 7 B_ 5 5.0000000000 3.1765474818 2. 4736116878 82476309112 6.0127304884
" : & 6.0 1.17 T 1 8.2251291585 -1.09261177...
7 7.0000000000 1.5365079113 1.9575735487 76226161943 3.0766329054
a 8.0000000000 0.5109636095 1.79650051092 7.9712272915 -1.55601322...
9 $.0000000000 1.0296346856 2. 1610935496 7.8977560742 0.6535737096
T - - C d- - 10 10.00000000... 0.8099767824 1. 8. -0
ermination onditions 11 11.00000000... 1.1188133485 2. 06590034985 7.9933973077 0.4518543132
o 12 12.00000000... 0.9581952441 1.9599553710 8.0351334588 -0.27599273...
Use true percentage error (Et). Es1(%) 13 |12.00000000... 1.0801928227 201204381580 7.9791740759 02758250805
14 14.00000000... 0.9579174959 1.9785473308 8.0061444576 -0.14227801...
[0 Use approximate percentage error (Ea). Es2(%) 15 |15.00000000... 1.0153434899 20111037985 7.9890201458 0.1010537150
16 16. ... 0.98 1.9841535098 8.0056979698 -0.08366158... - .,
O Use function value at estimated root f(xr). Es2(%) < >
Maximum lteration (iMax): 100 Solve system Save to excel
Fig 4 Jacobi Iterative
" ~
Method: 1.2 Over-Relaxation Method ~ ;
gl @] Error Dialo — >
. x initi 9
# of equations: 3 E 8
or sir|
o No solution found ~
igni - 10
# of significant figures: 0 Chop| - - = = 3 e
1 1.oco0o00000000 O.0OOOOOOOOO0 O.O0O0O0OOO0O0O0O00 O.0000000000 Z27.00000000 -~
3 1 -4 -27 2 |2.0000000000 -10.5000000... 6.4500000000 12.61270588... -49.3708235...
3 3.0000000000 8.9483294118 -1.70631529... 4.6106458097 33.69608570...
1 3 0-2000 5-4000 4 4.0000000000 -4.53010486... 4. 68215675132 10.45990111... -23.7477623... |
A- 0.2000 -9 17 B- 5 |5.0000000000 4.9690000549 0.0727607169 62276230555 17.06926865...
- - & 5 .0000000000 -1.835870740 3.3871406647 92760759158 -12.2932852.
7 7.0000000000 3.0S35066812 1.0012152679 7.0812000692 8. 8522350347
8 |8.0000000000 -0.48228733. 2.7191678850 8.6615695225 -6.37397220
9 $.0000000000 2.0673015485 1.4821713654 7.5236448234 4. 585948967173
- - - 10 10.00000000 0.2315028616 2. 3728561681 8.3429937370 -3.30461019.
Termlnatlon Condltlons 11 11.00000000 1.5533469396 1.7315294895 7.7530315598 2. 3794440691 .
= 12 12 00000000 0.8015693120 2.1933.089021 8.1778268003 -1.71328956.
Use true percentage error (Et). Es1(%) 13 |13.00000000... 1.2868851372 1.8605102927 7.8719581346 1.2336331659 -
14 1400000000 0.7934318708 2.1002218439 2.0921949769 -0.88826245.
O Use approximate percentage error (Ea). Es2(%) 15 |15.00000000... 11487368514 1.9278364888 7.9336161361 0.6305824986
16 16.00000000... 0.8929038520 2.0519604524 S.0477938882 -0.46052354... .
O Use function value at estimated root f(xr). Es2(%) < >
Maximum lteration (iMax): 100 ‘ Solve system ‘ Save to excel

Fig 5 Over-Relaxation Method

VIL DISCUSSION

In Figure 1, LU Dolittle Decomposition has been
applied to the given linear system consisting of a coefficient
matrix A and a right-hand side vector B. The coefficient
matrix A is a 3x3 matrix, and the right-hand side vector B is
a 3x1 vector. The LU Doolittle Decomposition separates the
coefficient matrix A into lower triangular matrix L and upper
triangular matrix U, such that A= L * U. The decomposition
involves the process of Gaussian elimination with partial
pivoting. The LU decomposition separates the given
coefficient matrix A into two matrices: L (lower triangular
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matrix) and U (upper triangular matrix). The LU
decomposition reveals the triangular structure of the matrix
and simplifies the solution process. The diagonal matrix D is
not part of the LU decomposition but is obtained from the U
matrix. It contains the diagonal elements of U, i.e., the
multipliers used to eliminate variables during the
decomposition process. The obtained solution satisfies the
given linear system. It represents the values of the variables
that satisfy all the equations simultaneously.

In Figure 2, The diagonal matrix D is not part of the
LU decomposition but is obtained from the U matrix. It
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contains the diagonal elements of U, i.e., the multipliers
used to eliminate variables during the decomposition
process. To find the solution vector X, the system solves the
equation L * D * X = B by performing forward substitution
using the L matrix. The obtained solution satisfies the given
linear system. It represents the values of the variables that
satisfy all the equations simultaneously. The LU Crout
Decomposition method successfully decomposed the
coefficient matrix A into the lower triangular matrix L,
upper triangular matrix U, and diagonal matrix D. The
solution vector X was determined by solving the equation L
* D * X = B using forward substitution. The resulting
solution vector provides the values of the variables that
satisfy the given linear system.

In Figure 3, Gauss-Seidel method was applied to solve
the given linear system with three equations. The Gauss-
Seidel method is an iterative algorithm that updates the
solution vector iteratively until convergence is achieved. By
performing the Gauss-Seidel iterations with a maximum
iteration limit of 100, the solution vector is found to be: x =
1 2 8. However, it's important to note that the solution to the
equation was not found. This indicates that the Gauss-Seidel
method did not converge to the exact solution within the
specified maximum iteration limit. The lack of convergence
could be due to several reasons, such as an ill-conditioned
system, poor initial guess, or improper selection of
relaxation parameters. In some cases, the Gauss-Seidel
method may not converge for certain types of linear
systems. The Gauss-Seidel method with a maximum
iteration limit of 100 produced a solution vector of x = [1, 2,
8]. However, it is important to note that the method did not
converge to the exact solution within the specified iteration
limit. Further investigation and adjustments may be
necessary to improve the convergence behavior and find a
more accurate solution to the equation.
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In Figure 4, Jacobi Iterative method was applied to the
given linear system. The Jacobi Iterative method is an
iterative algorithm that wupdates the solution vector
iteratively until convergence is achieved. Each iteration
involves updating each component of the solution vector
based on the previous iteration's values. By performing the
Jacobi iterations with a maximum iteration limit of 100, the
solution vector is found to be: x =1 2 8. Moreover, it is
important to note that the solution to the equation was not
found within the specified maximum iteration limit. This
indicates that the Jacobi Iterative method did not converge
to the exact solution. This lack of convergence could be due
to various factors, such as the presence of eigen values near
the unit circle, ill-conditioning of the system, or poor initial
guess. The Jacobi Iterative method tends to converge slowly
for certain types of linear systems like in this case,
especially those with dominant diagonal elements.

In Figure 5, Overrelaxation method, also known as the
Successive Overrelaxation (SOR) method, was applied to
the given linear system. The SOR method is an iterative
algorithm that combines the Gauss-Seidel method with an
overrelaxation factor. The overrelaxation factor () is a
parameter that controls the weight of the new solution
update. By performing the SOR iterations with a maximum
iteration limit of 100 and an overrelaxation factor of 1.2
(chosen as an example), the solution vector is found to be:
x=1 2 8. Similar to the previous methods, it is important to
note that the solution to the equation was not found within
the specified maximum iteration limit. This indicates that
the SOR method did not converge to the exact solution. In
some cases, the SOR method may require fine-tuning of the
overrelaxation factor to improve convergence. To improve
the convergence behavior, it is recommended to experiment
with different values of the overrelaxation factor, within the
range of 0 < » < 2, and observe the effect on convergence. It
may also be beneficial to try different initial guesses or
explore alternative iterative methods.

Table 1 Comparing LU Dolittle and LU Crout

Properties

LU Dolittle

LU Crout

Triangular Structure

The U matrix is an upper triangular matrix, and
the L matrix is a lower triangular matrix with
diagonal elements equal to 1.

The U matrix is an upper triangular matrix,
and the L matrix is a lower triangular matrix
with off-diagonal elements potentially

different from 0.
Diagonal Matrix The diagonal matrix D is not explicitly obtained | The diagonal matrix D is not part of the Crout
in the Dolittle decomposition. decomposition.

Matrix Factorization

The LU Dolittle decomposition is performed by
assuming a unit diagonal for the L matrix and
calculating the U matrix based on the
elimination process.

The LU Crout decomposition is performed by
assuming a unit diagonal for the U matrix and
calculating the L matrix based on the
elimination process.

Numerical Stability

The Dolittle decomposition is generally more
stable when the matrix has small diagonal
entries compared to the off-diagonal entries.

The Crout decomposition can be more stable
when the matrix has small off-diagonal
entries compared to the diagonal entries.

Both LU Doolittle and LU Crout Decomposition methods aim to factorize the coefficient matrix A into lower and upper
triangular matrices, allowing for efficient solving of the linear system. The choice between these methods depends on the specific
properties of the matrix and the desired numerical stability.
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Table 2 Comparing Gauss Seidel, Jacobi and Overrelaxation Method

Properties Gauss Seidel Jacobi Iteration Overrelaxation
Convergence The method did not converge to the | The method did not converge to The method did not converge to
exact solution within the maximum the exact solution within the the exact solution within the
iteration limit. It did not find the maximum iteration limit. It did | maximum iteration limit. It did not
solution. not find the solution. find the solution.
Efficiency This method requires updating the This method requires updating This method introduces an

solution vector component by the solution vector component overrelaxation factor that can

component, which can lead to by component, which can lead | potentially accelerate convergence,
slower convergence compared to to slower convergence but in this case, it did not result in

other methods. compared to other methods. finding the solution within the
maximum iteration limit.
Implementation It has similar complexity as Jacobi It has similar complexity as This method introduces an
Complexity as they involve updating the Gauss Seidel as they involve additional parameter, the

solution vector based on previous updating the solution vector overrelaxation factor, which

values. However, Gauss-Seidel based on previous values. requires careful selection for

requires updating the solution However, Gauss-Seidel requires optimal convergence.

vector in a sequential manner, while | updating the solution vector in a
Jacobi Iteration updates each sequential manner, while Jacobi
component independently. Iteration updates each
component independently.

Based on the provided example, none of the methods
(Gauss-Seidel, Jacobi Iteration, and Overrelaxation) were
able to find the exact solution within the maximum iteration
limit. The convergence was not achieved, indicating the
need for further investigation and potential adjustments to
improve the convergence behavior.

VIIIL. CONCLUSION

In conclusion, this paper focused on enhancing
computational precision through the addition of advanced
numerical techniques to a Graphical User Interface (GUI)
for linear systems. Five methods were implemented and
evaluated: LU Doolittle Decomposition, LU Crout
Decomposition, Gauss-Seidel, Jacobi Iteration, and
Overrelaxation. We have explored five different methods for
solving linear systems: LU Doolittle Decomposition, LU
Crout Decomposition, Gauss-Seidel, Jacobi Iteration, and
Overrelaxation. Through the literature review, we gained
insights into the existing techniques for solving linear
systems and the available GUI frameworks. Various papers
were reviewed, providing a comprehensive understanding of
the state-of-the-art approaches and GUI enhancements in the
field. Based on the examples as shown in table 4.2, none of
the methods were able to find the exact solution within the
given maximum iteration limit. Each method demonstrated
its own characteristics and limitations. The LU
Decomposition methods (Doolittle and Crout) can provide
an exact solution if the decomposition is successful, but they
require higher computational cost. The iterative methods
(Gauss-Seidel, Jacobi Iteration, and Overrelaxation) are
more suitable for large-scale systems or when an exact
solution is not required, but their convergence may depend
on the specific properties of the linear system. However, it is
important to note that the efficiency and convergence
behavior of these methods can vary depending on the
specific properties of the linear system, such as matrix size,
sparsity, and condition number. The choice of the most
efficient method depends on factors like the desired
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accuracy, computational resources, and the characteristics of
the problem.

FUTURE WORK

Further investigation can be conducted to improve the
convergence behavior of iterative methods, such as Gauss-
Seidel, Jacobi Iteration, and Overrelaxation. Exploring
convergence acceleration techniques or adaptive strategies
can help enhance the efficiency and reliability of these
methods. Also, conducting a thorough error analysis and
stability assessment of the implemented methods can
provide insights into their robustness and accuracy.
Investigating the effects of different system properties, such
as matrix size, condition number, and sparsity, on the
methods' performance can help identify potential areas for
improvement. By addressing these areas of future work, the
research can contribute to the ongoing development and
advancement of GUI-based linear system solvers, ultimately
enhancing computational precision and usability for a wide
range of applications.
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