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1. INTRODUCTION

Nonlinear systems of equations, which is common in scientific and
engineering fields, pose a significant difficulty because they may have
numerous solutions and are complicated to be numerically solved. This
study aims to improve the effectiveness and availability of solving these
systems by creating a MATLAB Graphical User Interface (GUI) to
compare different iterative methods. The GUI makes it easier to evaluate
algorithm performance by providing a more accessible interface to input
nonlinear functions, their Jacobians, and also their respective initial
approximations. The article evaluates the differences and similarities of
four commonly used iterative methods: Newton, Broyden, BFGS, and
Steepest Descent. A set of ten typical nonlinear test functions were
created specifically as a benchmark suite for assessing methods in
different situations. Thorough testing and analysis helped determine the
advantages and disadvantages of each approach, offering insights into
their suitability for different problem characteristics. Researchers and
practitioners who have tried to analyse and contrast the reliabilities of
iterative methods in solving nonlinear systems may discover the
MATLAB GUI to be beneficial. By utilizing a visual and interactive
interface, the GUI allows users to gain deep understanding.

This study concentrated on constructing a graphical user interface (GUI) for iterative numerical methods
as solutions for the systems of nonlinear equations. As compared to numerous others, Newton, Broyden,
BFGS, and Steepest Descent (SD) methods are the most widely used and effective current approaches.
Newton's method, famous for its rapid convergence specifically when the initial guess is approximately
near to real solution, involves the use of derivative (Jacobian) to refine guesses through iterations. However,
relying on accurate Jacobian calculations could present a major disadvantage, especially for complex or
problematic functions. Alternatively, if obtaining derivative information is challenging, Broyden's method,
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a variation of Newton's method, offers a quasi-Newton approach that circumvents the need for directly
computing the Jacobian through iterative updates. The BFGS method enhances this approach by
maintaining the positive definiteness of the approximation, like another quasi-Newton method.

The GUI eases the use of iterative numerical methods, hence broadening their application in different fields.
Users can enter necessary variables and get detailed results, including the number of iterations required for
convergence and performance metrics, making the process to be more efficient. By filling a significant void
in the application of these techniques, the GUI lessens the requirement for specialized programming
expertise.

2. LITERATURE REVIEW

Many research studies have concentrated on the effectiveness of teaching and learning mathematics. In
2018, Kulina et al. reviewed the benefits of software in enhancing and boosting mathematical abilities.
They emphasized the growth of various mathematical-related abilities, including problem-solving,
analytical thinking, and computational skills. Collaborative and practical activities have been recognized
as beneficial to increase student involvement, enhancing mathematical comprehensiveness, and developing
practical abilities.

Using visual and interactive representations of numerical algorithms in educational tools has been
proven to improve student engagement and comprehension, as demonstrated by Li (2021). Computer
Algebra Systems (CAS) like Maple, Mathematica, and MATLAB, are becoming more common in tertiary
level of mathematical learnings (D. Jarvis et al., 2018). CAS integrates abilities for symbolic, numeric, and
graphic calculations (Buteau et al., 2014). The selection of a system is frequently based on the particular
requirements and users’ option (Flores Salazar et al., 2022). According to D. Jarvis et al. (2022), CAS has
been shown to improve teaching and learning by allowing students to delve deeper into mathematical
concepts, creating a more engaging learning atmosphere, and offering instant feedback and personalized
learning opportunities.

D. H. Jarvis et al. (2012) conducted a research project on the utilization and long-term viability of
CAS of mathematics teaching in tertiary levels, exposing its global usage for improving instruction and
offering sophisticated computational functions. Many educators are committed in using CAS despite the
obstacles like software expenses, the requirements of continued professional learning, and challenges in
aligning it with the curriculum. In a national survey of Canadian mathematicians, Buteau et al. (2014) also
discovered that CAS is widely utilized in both research and teaching, with its role in research strongly
impacting its usage in instruction. D. Jarvis et al. (2018) showed in a case study in Alberta, Canada, that
CAS technology promoted interactive and dynamic learning environments, aided differentiated instruction,
and improved problem-solving skills, yet challenges such as instructor preparation and equal access
persisted.

In aresearch project carried out by Mezhennaya and Pugachev (2019), engineering students' views on
three mathematical software programs - MATLAB, Mathematica, and Excel - were analyzed and compared.
The research found that every scientific tool examined could be applied in educational settings, provided
that software usage policies were implemented with caution. Nevertheless, the research indicated that a
large number of students had limited practical experience with utilizing the software, specifically MATLAB
and Mathematica, due to their perceived lack of user-friendliness. Therefore, the research determined that
more courses should be offered to help students get ready to use software in their classes.

Another research by Khedekar et al. (2024) investigated how MATLAB improved the quality of
education by enriching the teaching and learning process. MATLAB greatly enhanced students' learning
experience by offering robust tools for computation, visualization, and simulation. Students discovered that
using MATLAB was beneficial for comprehending difficult ideas and tackling mathematical issues.

Nevertheless, the research also pointed out some obstacles in the utilization of MATLAB, including the
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necessity of sufficient training for teachers and students and potential problems with software access and
compatibility. It was discovered that addressing these challenges is essential for a successful
implementation.

Darweesh (2021) conducted a study on the incorporation of image processing and fundamental GUI
concepts in teaching MATLAB programming. The research suggested a teaching method for MATLAB to
students that included hands-on activities in image processing and GUI design. This method sought to
increase the appeal and ease of programming by integrating interactive components. The study highlighted
the significance of incorporating practical uses and easy-to-use interfaces in teaching MATLAB to assist
students in comprehending intricate programming ideas and improving their learning journey.

Students’ main deal is the high expense of commercial math software, even after rebates for academia
(Han et al., 2016). Recent studies have concentrated on creating graphical user interfaces to support students
in comprehending and solving non-linear equations. These resources are designed to enhance
comprehension and participation in numerical analysis classes, which are frequently perceived as difficult
(Han et al., 2016). GUI have been developed for a range of objectives, including simulating chaotic systems
(Silva et al., 2018), compared diverse root-finding techniques (Allogmani et al., 2022), and solving sets of
non-linear equations (Caligaris & Laugero, 2022). These interfaces are usually designed in a way that is
easy for users to navigate, necessitating only a small amount of interaction from students in order to produce
solutions and visual representations. Different platforms have been utilized for their implementation, such
as Excel VBA (Han et al., 2016), standalone applications (Silva et al., 2018), MATLAB (Allogmani et al.,
2022), and customized math programs (Caligaris & Laugero, 2022). Feedback from users and surveys has
indicated that these tools effectively aid in learning and understanding concepts in numerical analysis.

Caligaris and Laugero (2022) utilized Newton's Method in their study to solve non-linear equations
in the GUI. Newton's Method, or Newton-Raphson method, is a repetitive numerical method used to find
estimated solutions to sets of non-linear equations through linearizing the equations at every stage. The
MATLAB-created graphical user interface (GUI) makes it easier to apply this method by enabling users to
enter equations, modify parameters, and observe the iterative procedure.

Even with these improvements, the requirement for tools that combine various iterative techniques
into one cohesive app still endure. Many current tools either concentrate on particular techniques or offer
restricted features. The goal of the application created in this research is to address this deficiency by
combining Newton, Broyden, BFGS, and SD method in a single independent platform. This integration
does not just make learning easier but also provides a complete tool for students and teachers.

3. METHODOLOGY

The first section of methodology is the selection of an appropriate research focus on numerical techniques
for solving nonlinear equation systems, including Newton, Broyden, BFGS, and SD methods, along with
MATLAB's *fsolve® function for comparison. The *fsolve’ function in MATLAB can be used to solve these
equations without requiring complicated analytical solutions or manual derivation (Abu-Alshaikh & Sahin,
2006). This initial step determined the study's focus, making sure that the chosen techniques were suitable
for thorough examination considering their effectiveness, especially in terms of the necessary NOI and the
gradient norm. A thorough review of literature will be carried out next based on previous studies to guide
the development of the testing framework, consisting of ten specific test functions to evaluate the methods'
efficiency.

The subsequent stage included the identification and preparation of the required mathematical
equations for applying the chosen techniques in solving non-linear systems. MATLAB R2022a was utilized
to create a user-friendly GUI where users can input functions, Jacobians, initial values, and tolerance levels.
They can then choose a numerical method for calculating solutions, which includes metrics such as the NOI
and NOG. The code was thoroughly tested and refined to guarantee its accuracy and consistency in all
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methods. Successful executions will proceed to the final stage of data collection, comparison, and analysis,
which emphasize efficiency and provide a detail evaluation and discussion, in a more extensive

circumstance of existing findings.

Fig. 1 shows the flowchart of the proposed MATLAB GUI.

Newton

Method

Broyden

Method

BFGS Method

&teepest Desce
Method

Fsolve

Method

Display the number of
iterations

Display the norm of
gradient

Fig. 1. Research procedure
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Fig. 2 shows the design of a solver created for tackling nonlinear systems of equations using MATLAB's
App Designer in version R2022a. Next, users are asked to provide the essential information, such as
function, its Jacobian (the function's derivative), and initial values. Once the inputs are given, users need to
choose the preferred calculation method.

SOLVER
Function |:| Example : | Function - @(x) [x(1)"2 + Instructions | Step 1: User need to key
(22 - 25, x(1yx(2) - 9] in the input function,
jacobian, and initial value.
Jacbian | ] Jacobian - @) [27x(1),
2%(2); W), %(1]] Step 2 - Click on the
method that want to be
nitalvaiee [ ] Initial Value - [1:0] calculate.

| Newton | | Broyden | | BFGS | | Steepest Descent | | Fsolve
Mumber of lterations Q
Norm of Gradient Q

soton [ ]

Fig. 2. GUI solver in MATLAB

Table 1 displays ten test functions, each paired with two distinct initial values. Ten typical nonlinear
functions were chosen for testing, representing a variety of challenges and characteristics found in real-
world scenarios.

Table 1. List of test functions

Function Test Function Initial Value
le + X + 3X3 —10

Fl X1 +5x3 =7 (0,1,0)¢, (0,0,1)¢

x2+X3—4‘

x2+x2—25
F2 (1,0)%, (0,1)*

X1Xy — 9
10x; — 2x% + x, — 2x3— 5

F3 4x3 +4x5 -9 (0.5,0.5,0.5)¢, (1,0,1)¢
8x1x3 + 4
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3x1 + 2x2 + X3 — 10
F4 5x1 +x3 =7 (0,1,0),(0,0,1)"
X + X3 — 4
x; + x3x% — 10
F5 3xf — x5 + 2x3 + 2 (0,0,1)¢,(1,0,1)¢
X3 +2x3—7
15x; + x5 — 4x; — 13
F6 xf —10x; —x3 — 11 (0,0,1)¢,(1,0,1)¢
x5 —20x5 + 22
X1 + 3x2 + ZX3 —10
F7 X1+ 5x3 =7 (0,1,0)t,(0,0,1)t
X + X3 — 4
xl(.xZ - 2)2 + 4x2 - 3.X3 - 10

F8 —2x1 + xzz +4x;+1 (1,0,1)%, (0,0,1)t

X1 + 6x2 — XpX3 — 15

2x% 4+ 2x2 — 25
F9 (0,1 (1,00

ZX12xZ -9
2x1 + X + 3X3 —10

F10 Xy +5x3 =7 (0,0,1)%, (1,0,1)*
xZ + .X3 —_ 4’

4. RESULTS AND DISCUSSIONS

This part discusses the MATLAB GUI solver's testing stage and highlights the theoretical analysis. The
testing stage aims to assess whether the goals have been met, as well as to evaluate the solver's functionality.
To ensure all buttons and components in the GUI solver are working correctly, a sample equation and inputs
are utilized for verification.

The tester equation of the GUI solver utilizes the nonlinear equations F1 from Table 1 with the initial
value (O,l,O)t. Once all the data has been entered into the solver, users must select the desired method to
present the results. For example, Fig. 3 displays the GUI solver's output interface when the Newton button
is clicked.
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SOLVER
Function | @ix) [27x(1)+x(2] Example : | Function : @(x) [x(1)2 Instructions | Step 1: User need to key
H2PM2 - 25, %(1)x(2) - 9] in the input function,
jacobian, and initial value.
@0 [2,1,3:1,05 Jacobian @ () [27x(1),
2%0(2); %(2), ®(1)] Step 2 : Click on the
B method that want to be
Initial Value | [0;1;0] Initial Value : [1:0] calculate.
[ Newton ] [ Broygen | | BFGS ] [ Steepest Descent | ( Fsolve
MNumber of lterations 1
Norm of Gradient 1]

Solution | [2:3:1]

Fig. 3. Output interface of GUI solver

By utilizing this graphical user interface solver, quick responses of results such as iteration count,
gradient norm, and solution point is possible. It is evident from Fig. 3 that all anticipated results are clearly
visible, indicating the button is functioning correctly. If the inputs stay unchanged, clicking on the button
for other methods (Broyden, BFGS, SD, “fsolve") will produce their results as well. During the analysis
stage, these five techniques were evaluated based on NOI and NOG using the performance profile method
developed by Dolan and Moré (2002). The performance profile is a widely used method to assess the
effectiveness and stability of techniques, while also confirming the reliability and stability of optimization

Norm of Gradient
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Fig. 4. (left) Performance profile of NOI; (right) Performance profile of NOI
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Fig. 4 (left) demonstrated that ‘fsolve' stands out as the most efficient approach, as the optimal
solutions were rapidly attained after few iterations. Newton, Broyden, and SD methods showed similar
performance levels. On the other hand, BFGS fells behind in terms of both speed and performance. Fig. 4
(right) displays that the “fsolve’ method consistently outperformed other methods in terms of NOG,
showing faster and superior performance through a quick initial increase and high stabilization level. After
SD method, Newton, Broyden were used, with BFGS method showing the poorest performance. In
summary, ‘fsolve® proved to be the most efficient in terms of iterations and the most successful in
optimizing the norm of the gradient.

Overall, the MATLAB GUI solver's testing phase demonstrates its precision and efficiency in solving
challenging nonlinear equations. The analysis has offered important insights into the effectiveness of the
MATLAB GUI solver, thus confirming its trustworthiness for future research.

5. CONCLUSION AND RECOMMENDATIONS

Both students and instructors in academic environments encounter difficulties in comprehending and
utilizing iterative methods efficiently. Manual calculations and conventional teaching methods are both
time-consuming and prone to mistakes, consequently, could prevent the learning process and limit a full
grasp of these methods (Liu, et. al, 2020).

Developing an application aimed at easing the process of solving systems of nonlinear equations using
iterative methods is a significant step to tackle these difficulties. This application improves both the
computational process and the learning experience by offering an interactive platform for both students and
teachers. Through automating the repetitive computations and displaying the progress towards
convergence, the software functions as a teaching and practical tool for teachers, closing the divide between
theory and real-world use.

Lourencgo et al. (2024) explored the revolutionary effect of artificial intelligence (AI) platforms on the
field of mathematics education. They investigated the ways in which Al-powered tools improved the
educational experience in college math classes. They found that Al platforms played a crucial role in
delivering mathematics course lectures, providing chances for enhanced, streamlined, and enjoyable
learning journeys.
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