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ABSTRACT

The Conjugate Gradient (CG) method is a proficient numerical technique for solving
Unconstrained Optimisation (UO) problems. The greatest challenge of the CG algorithm
is the complexity and time-consuming nature of data collection, especially when
dealing with complex or extensive problems. Hence, a suitable interface is required to
overcome this drawback. One implementation of such an interface is a graphical user
interface (GUI), which can offer a user-friendly means of inputting parameters and
displaying results. The GUI simplifies the data collection process, enhancing efficiency
and speeding up its application in CG method research. This paper utilised MATLAB
application designer to construct a GUI using an Analytic Hierarchy Process (AHP)-
based evaluation method as a guideline. The integration of AHP helped to
optimise the GUI design in terms of usability and effectiveness, thereby ensuring that
the final product meets essential criteria. The AHP analysis revealed that accuracy, task
Keywords: completion time, response time, consistency, completeness, and ease of use are the
Graphical user interfaces; evaluation five most important criteria for assessing GUI usability. The new CG-MATLAB GUI has
tools; usability; conjugate gradient; AHP been noted to meet the essential usability criteria.

1. Introduction

The CG algorithm, or conjugate gradient, is closely related to the Krylov subspace method. The
subspace method has been recognized as one of the ten most influential algorithms that have
significantly contributed to the advancement and application of science and engineering during the
20th century [1]. The CG method effectively addresses extensive Unconstrained Optimization (UO)
functions. This class of functions diversified tremendously over the decades, with numerous varieties
and developments. In previous studies, most researchers who used CG approaches provided
successful evidence showing CG's effectiveness in solving UO functions [2,3].

The standard UO function can be written as:
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min f (x). (1)

xeR"
The function defined in Eq. (1) is often minimized using an iterative formula of the form:
X =%+ d,,  k=123,.. 2)

where ¢, and d, refer to the step-size and search direction, respectively.

This study employed an exact or inexact line search to establish the step-size, whereas the CG
method determines the search direction. The CG method is classified into different categories:
classical, hybrid, spectral, modified, and three-term methods. An important component of the CG
formula is the search direction defined as:

d.=-9g,+44d_, (3)

where g, is the gradient of function and g, is the CG coefficient.

Hestenes and Steifel (HS) developed the first linear CG coefficient in 1952. The HS formula was
used to solve linear systems with positive, definite coefficient matrices [6]. Fletcher and Reeves (FR)
presented a non-linear version of the HS method for the CG coefficient in 1964 [7]. Meanwhile, in
1969, Polak, Ribiere, and Polyak presented a new CG coefficient with better convergence properties
than the HS method, Polak-Ribiere-Polyak (PRP) [8]. Afterwards, other CG methods were also
introduced, such as Conjugate Descent (CD) [9], Liu-Storey (LS) [10] and Dai-Yuan (DY) [11]. Table 1
summarizes the formulations utilized by previous researchers, which have served as benchmarks and
are widely used among present researchers [4,5].

Table 1
CG coefficients
CG coefficients Formulation Ref
HS HS _ gI (gk B gk—l) [6]
o= o S
dl;r—l(gk - gk—l)
FR ﬁFR _ glfgk 7]
k T
8i1(841)
PRP ,BPRP _ g;(gk _gk,l) (8]
k T
8i1(81)
o ﬂCD - g;gk [9]
L4 e)
LS ’BLSZ_g;(gk_gk,l) [10]
‘ d (8, 1)
DY o _ gz, [11]
k

dZ—l(gk _gk—l)
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Algorithm 1 (The general Conjugate Gradient Algorithm)
Step 1: Initialization: Set k = 0. Select the initial point x, € R,,.

Test a criterion for stopping the iterations.

If criterion is satisfied, stop; otherwise continue with Step 2.
Step 2: Compute the step size, «, .

Step 3: Update the iteration using Eq. (2).

Step 4: Compute g, using any preferred CG coefficient.
Step 5: Generate the search direction using Eq. (3).

Step 6: Set K =K +1 and return to Step 1.

MATLAB is one of the most widely employed software applications for mathematical analysis,
simulation, and image processing. It was utilised in this research to compute the CG method for
solving UO problems. In the numerical phase of CG research, data collection is a crucial stage that
enables researchers to evaluate the performance and accuracy of the proposed CG method and
compare it to existing methods. During the data collection, suitable input data sets are selected or
generated. The quality and quantity of the employed data sets might influence the validity and
dependability of numerical experiments. Subsequently, the CG method is utilised to assess the
obtained outcomes.

Figure 1 displays the coding for the MATLAB script file that we use to obtain the output from the
CG algorithm (Algorithm 1). Depending on the number of test functions, initial points, and CG
methods involved, modifying and executing the script multiple times is necessary. For example, the
complete sequence may consist of 912 [12] and 2304 [13].

OP1= %input: beta CG
OoP2= %input: test function
n= %input: size of test function

x0(1:n)= %input: initial point
[fi,ngi, time, NOI]=CG(x0,0P1,0P2); %CG algorithm

T=table(fi,ngi,time,NOI) % ouput: efficiency criteria in table

Fig. 1. The MATLAB script file for Algorithm 1

The challenging circumstances and the need to prevent recurrent process implementation
require reconsidering the existing concept. One potential solution is to convert the programme into
a Graphical User Interface (GUI). This conversion would enhance the accessibility of theoretical
practices and algorithms, improve the data collection process, and minimise the risk of human errors.

GUI is a user-friendly interface that enables users to interact with digital devices or software
applications. It employs graphical elements such as icons, menus, and buttons instead of inputting
commands. The interface was designed to exhibit a significant level of user-friendliness, allowing
users to operate it with minimal programming knowledge [14]. This utilization may contribute to
increased productivity and accessibility, as well as enhanced user experiences. Designing the GUl is a

264



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 58, Issue 1 (2026) 262-273

challenging and complex task. It requires thorough analysis, iterative design, and usability testing
[15].

According to the International Organization (ISO) for usability’s definition, usability refers to “the
degree to which specified users can utilize a product to achieve specific goals with effectiveness,
efficiency, and satisfaction in a specified context of use” [16]. This definition outlines the three critical
factors to consider when evaluating usability: users, goals, and use context. By optimizing the three
factors and prioritizing usability in the product design process, developers can create simpler, more
efficient, and more satisfying products for users. Due to this, adoption and higher levels of loyalty
towards the products could be achieved. Therefore, it is possible to achieve increased adoption rates
and heightened brand loyalty among users.

The literature presents a range of usability models. The initial usability models were introduced
from 1991 to 1999 [17]. Nevertheless, ISO standards and Nielsen models [18] are the most prevalent
and frequently cited usability models in the literature. Nielsen's 1992 model comprises five
fundamental usability attributes: efficiency, satisfaction, learnability, memorability, and errors.
These attributes are still extensively employed and considered essential for evaluating the usability
of digital products.

Ajibola et al., [19] proposed the Mobile Shopper Application Development (MOSAD) model for
evaluating the usability of mobile commerce (M-commerce) applications. This model comprises the
following five attributes: efficiency, effectiveness, satisfaction, error rate, and learnability. These
attributes were explicitly designed to meet the requirements of M-commerce applications, which
present unique usability challenges compared to other digital products. The evaluated product's
requirements and characteristics commonly determine the usability model selection. However, all
usability models have the same objective: to determine how effectively and satisfactorily a product's
intended consumers can use it to accomplish their objectives.

Saaty et al., [20] proposed the Analytical Hierarchy Process (AHP) to aid researchers with diverse
expert backgrounds in identifying priorities for their multi-criteria problems and ensuring consistency
ratios. This decision-making method entails decomposing a complex decision problem into a
hierarchical structure of criteria and sub-criteria to address multiple criteria. As proposed by Roy et
al., [21], usability evaluation criteria frequently involve attractiveness, controllability, efficiency,
usefulness, and learnability. The sub-criteria correspond to specific features or aspects of the product
that relate to each attribute. This study employs the AHP method to designate priority rankings for
evaluating the usability score of a GUI designed for applying the CG method to solving UO test
functions.

2. Analytical Hierarchy Process

The Analytical Hierarchy Process (AHP) is an analytical method that provides a hierarchical
structure of selected data that can be executed by a diverse range of individuals, including general
users, clients, and specialists. Input data comprises subjective and objective variables, including
evaluation standards and environmental characteristics. This decision-making method is extensively
used in usability evaluation and has been applied in various studies to determine the usability rating
of websites [22-25] and other digital products [26]. It often comprises three hierarchical levels: main
goal, criteria, and alternative. However, achieving this within the first two levels may be feasible given
certain conditions. This model's primary objective is to rank the variables in order of importance
based on criteria and sub-criteria.

In this research, a set of five criteria and 12 sub-criteria are used to assess the GUI's usability.
Figure 2 illustrates the proposed model for usability testing. The design was focused on five key GUI
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features that improve usability. The three-level hierarchical model starts with the goal of CG GUI
usability. The second level of the model consists of five distinct attributes: attractiveness (C1),
controllability (C2), efficiency (C3), learnability (C4), and efficacy (C5). Meanwhile, the last level
depicts the sub-criteria for each criterion. Two sub-criteria were established for the attractiveness
criterion: pleasant (C11) and organised (C12). Link (C21) and consistency (C22) are two sub-criteria
influencing the controllability evaluation. The number of clicks (C31), time to complete a task (C32),
and response time (C33) were utilised to evaluate the effectiveness. The sub-attributes that affect
the learnability of a GUI are learning time (C41), explanation (C42), and ease of use (C43). Meanwhile,
accuracy (C51) and completeness (C52) are the sub-criteria affecting the effectiveness of the GUI.

Usability of CG
GUI
1 1 | |
Attractiveness Controllability Efficiency (C3) Learnability (C4) Effectiveness (C5)
(C1) (C2)
=1 Pleasant (C11) |} Link (C21) = Numb(%;i]; clicks Lear?ézgl;lme =1 Accuracy (C51)

Organized (C12)

Consistency (C22)] =

Task completion

Explanation (C42)

Completeness

time (C32) (C52)

Response Time
(C33)

Ease of use (C43)

Fig. 2. The hierarchical for usability model

The descriptions of criteria and sub-criteria taken from the previous studies [19,26-28] are
described as follows:

Attractiveness (C1): Attractiveness is a usability attribute essential to measuring the visual

aspect of the GUI. It helps in measuring the direct interest of users towards the GUI, both

in functional and non-functional aspects.

e Pleasant (C11): Users are interested in helpful and valuable content.

e Organised (C12): A sense of orderliness, structure and efficiency where things are
arranged logically and efficiently.

Controllability (C2): Controllability is an essential usability attribute that measures the

GUI's navigational prospects. The score indicates how easily the user can navigate the GUI

and complete the required task.

e Link (C21): Text descriptions of links allow quick decisions when selecting the correct
link.

e Consistency (C22): Refers to the ability to produce consistent results.

Efficiency (C3): Efficiency measures the ease of work. It signifies how easily users can

complete the task with the limited resources available and effectively in terms of time and

money.

266



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 58, Issue 1 (2026) 262-273

e The number of clicks (C31): Defined as the users' navigational prospects (e.g., the
frequency of mouse clicks made to complete their specific duties).
e Task completion time (C32): Defined as the time a specified user takes to complete
any particular task.
e Response time (C33): Refers to the duration of time required for a user or system to
respond.
iv. Learnability (C4): Defined as the effortless capacity of users to comprehend and master
the GUI's functions.
e Learning time (C41): Refers to the time a user spends learning.
e Explanation (C42): Describe the contents.
e Ease of use (C43): An attribute that indicates the degree to which a new user may
quickly and easily master the system's interface.
v.  Effectiveness (C5): Effectiveness is the accuracy and completeness with which users
achieve specified goals.
e Accuracy (C51): Information should be accurate and trustworthy.
e Completeness (C52): Defined as the capacity of the system to provide the
functionalities necessary to implement the tasks intended by the user.

The AHP methodology mainly depends on evaluating multiple criteria through pairwise
comparisons. This method allows for the independent evaluation of each criterion. In the AHP
pairwise comparison, the criteria are ranked in order of significance using a scale from 1 to 9. The
value of 1 denotes that the criteria possess "equivalent importance", and 9, the highest possible
value, means "extremely strong importance" [20]. Each AHP score is described in depth in Table 2.

Table 2

Description of AHP scale

Rating Description

Equivalent importance

Weak importance

Moderate importance

Moderate to strong importance
Strong importance

Strong to very strong importance
Very strong importance

Very strong to extremely strong importance
Extremely strong importance

O 0O NOULID WN PP

The consistency of the pairwise comparisons is measured using the consistency ratio (CR), which
compares the degree of inconsistency in the ratings to what would be expected by chance. The
judgements are considered unreliable if the CR exceeds a certain threshold (usually 0.10 [29]). The
users entered the input data, which, thus, should be reviewed and revised [30]. The consistency index
(CI) and random matrix (RI) [20] are used in calculating AHP analysis, stated as follows,

crR=21
RI

Cl = o=
n-1
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CR— RI(A, —N) ’
n-1

where A, is a principal eigenvalue. More details on AHP methodology can be referred to the
previous studies [31,32].

3. Result and Discussion
3.1 Usability Criteria

The GUI was developed with the primary focus on enhancing its usability. The AHP ranking
method was employed to assess critical criteria. A pairwise comparison is performed based on the
five criteria, with a principal eigenvalue of 5.201 and a CR of 0.045. The analysis of each criterion's
weight is summarized in Table 3.

Table 3
Weights for criteria of usability criteria
Level 1 Goal: Usability of CG GUI

Level2 C1 C2 C3 Cc4 C5
0.035 0.062 0.363 0.055 0.485
CR=0.045

Level3 C11 C12 C21 (C22 (31 C32 C33 c41 C42 (43 C51 (52
01 09 01 09 0.063 0.743 0.194 0.069 0.25 0.681 09 0.1
CR=0 CR=0 CR=0.074 CR=0.01 CR=0

The analysis for the criteria’s weight yields the following sequence: C5>C3>C2>C4>C1. This
sequence suggests that the graphical user interface (GUI) usability evaluation should prioritize
effectiveness as the most crucial criterion, followed by efficiency, controllability, learnability, and
attractiveness. After that, the calculation to determine the priority order of the sub-criteria is
performed. In the calculation, the weight of each sub-criteria is multiplied by the weight of its
respective criterion. Table 4 displays the finalized ranking for the sub-criteria.

Table 4

Ranking for sub-criteria

Priority Sub-criteria Ranking
0.4365 accuracy 1
0.269709 task completion time 2
0.070422 response time 3
0.0558 consistency 4
0.0485 completeness 5
0.037455 ease of use 6
0.0315 organized 7
0.022869 number of clicks 8
0.01375 explanation 9
0.0062 link 10
0.003795 learning time 11

Table 4 presents the results, demonstrating the descending order of values: C51, C32, C33, C22,
C52, C43, C12, C31, C42, C21, C41, and C11. GUI usability is often assessed using six key criteria:
accuracy, task completion time, response time, consistency, completeness, and ease of use.
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3.2 User Interface

This research aims to develop a GUI based on MATLAB App Designer for solving UO test problems
using the CG method with a strong Wolfe line search. The GUI was designed to satisfy all criteria for
usability quality, as outlined in Tables 3 and Table 4. As depicted in Figure 3, this study devised a
MATLAB-based GUI to solve UO test problems using the CG method. MATLAB is a powerful
mathematical programming language with extensive applications in various fields, including
engineering, physics, and finance, for numerical computation, algorithm development, data analysis,
and visualisation [33]. In addition to its core functionality, the MATLAB software offers a GUI that
allows users to interact with their code in a more user-friendly manner [34]. The GUI collects user
input and modifies the state of its widgets, which may include icons, text fields, sliders, and other
interactive elements [35]. The software also encourages users to experiment with diverse
parameters and algorithms, visualise their data, and debug their code by providing user-friendly
interfaces. This feature can be highly beneficial, especially for individuals who lack programming
expertise or require accelerated prototype development or exploration of new ideas.

-

4

CATLCULATOR UNCONSTRAINED OPTIMIZATION USING CONJUGATE GRADIENT METHOD

STEP1:Enter the number of function. Function List 1.argauss
[ Refer function list ] 2.arglina
3.arglinb
Function 0 4.arglinc
- 5.argtrig
STEP2: Enter the number at dimension box. 6.arwhead
7.bard
8.bdarwhd
Dimension ] ? 9.beale

1N hinnclR

STEP3:Enter initial point.
Initial Point | 0

STEP4:Choose the BETA. To more Information
about BETA check at Beta Reference.

Beta 1.HS
2.FR

3.PRP
4.CD |

Beta Reference

Result:

fi norm cpu noi nof
Calculate g P

Reset

Fig. 3. MATLAB-based GUI interface

The interface was designed to test and benchmark CG algorithms using the Constrained and
Unconstrained Testing Environment (CUTEst) set. The initial step in the data entry instructions for
this interface is to prompt users to choose a test function from the interface's list of 134 CUTEst
functions [36]. These test functions, which vary in complexity and characteristics, can assess the
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robustness and efficacy of various optimization methods. Optimization algorithm research and
benchmarking frequently employ these. Rosenbrock, Powell, and Hock & Schittkowski are examples
of the said functions.

Following the user's selection of test functions, the next step is to input the test function's
dimension. The dimension parameter is crucial as it determines the number of variables that can be
optimized through the CG algorithm. The third step entails inputting the initial point of the CG
algorithm. The initial point is commonly used as the starting point for algorithm optimization and is
crucial in determining the algorithm's convergence behaviour and final solution.

Lastly, the CG coefficient should be selected by the user. Users will access a comprehensive
catalogue of CG coefficients upon selecting the Beta Reference button on the right-hand side of the
Beta input. The Uniform Resource Locator (URL) specified is
https://acrobat.adobe.com/link/review?uri=urn:aaid:scds:US:edf35b47-4683-368c-980a-
6a762220e54b, which comprises a total of 42 coefficients for the CG model. Once these four pieces
of information (test function, dimension, initial point, and CG coefficient) have been input by the
user, the interface can execute the CG algorithm on the selected test functions. Users will be
presented with results once the procedure has been completed.

By comparing the outcomes of earlier studies utilising the script file shown in Figure 1 with those
acquired from the suggested MATLAB GUI, we evaluated the functionality of the GUI programme. As
an example of simulation, Figure 4 demonstrates that the selected test function is Freuroth with four
dimensions, the initial point x0 = (4, 4, 4, 4), and the CG algorithm is the HS. Based on the exhibited
output, the HS CG algorithm determined function values (fi = 9.2229e-21) and norms (8.0253e-09).
The computation time (CPU = 0.0093), number of iterations (noi = 5), and number of function
evaluations (nof = 20) are displayed. This outcome indicates that the HS solved the Freuroth function
with four dimensions and x0 = (4, 4, 4, 4) as the initial point in 0.0093 CPU time, five iterations, and
20 total function evaluations.

Y

CALCULATOR UNCONSTRAINED OPTIMIZATION USING CONJUGATE GRADIENT METHOD

STEP1:Enter the number of function Function List  59-fminsurf -
[ Refer function list ] 60.freuroth
61.genhumps
Function 60 62.gottfr
63.gulf
STEP2: Enter the number at dimension box. 64.hairy
65.heart6ls
66.heart8ls
Dimension 4 ? 67.helix

68.hibert
69.himin3
70.himm25 M

STEP3:Enter initial point.

Initial Point 4

STEP4:Choose the BETA. To more Information
about BETA check at Beta Reference.

Beta |1.HS
2.FR
3.PRP
4.CD
5.LS v

Beta Reference

Result:

norm cpu noi nof
Calculate < B

9.2229e-21 8.0253e-09 0.0083 5 20

Reset

4

Fig. 4. Sample of results from GUI

270


https://acrobat.adobe.com/link/review?uri=urn:aaid:scds:US:edf35b47-4683-368c-980a-6a762220e54b
https://acrobat.adobe.com/link/review?uri=urn:aaid:scds:US:edf35b47-4683-368c-980a-6a762220e54b

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 58, Issue 1 (2026) 262-273

The newly developed GUI has undergone testing using diverse inputs and outputs, and it has been
confirmed that the outcomes generated are accurate. Figure 4 and Figure 5 demonstrate the same
consistency between the number of iterations and the evaluated functions. Consequently, our GUI
has satisfied the most important criterion: accuracy. The developed GUI is also designed to be user-
friendly and intuitive, facilitating ease of navigation and enhancing its reliability and convenience as
a tool for our clients.

M Editor - C:\Users\user\Desktop\The Journgy\Coding MATLAB PHD\NEW Code 2021\ahp.m

test_functions2.m CGstwolfem ahp.m +
1
2 %%Test Run for inexact line search
3
A clear all
5 cle
(5 format long
7
8= OP1="HS';
9= OP2=3;
10 — n=4;
11
12— x0(1:n)=4; %input: initial point
13
14 — [fi,ngi, time, NOI,nfei]=CGstwolfe (x0,'HS',OP2,'no"); %CG algorithm
15
16 — T=table(fi',ngi',time',NOI',nfei')

17
18

Command Window

To=

1x5 table

Varl var2 Vvar3 Var4 Vars

1.84434936470591e-20 1.13481489843924e-08 0.4581465 5 20

Fig. 5. Results from MATLAB script file
4. Conclusions

This study aims to design a new GUI for CG algorithms that meet essential usability criteria. In the
numerical phase of CG research, it is essential to acquire data to assess the performance and accuracy
of the proposed CG method. Using a GUI can expedite the data collection process and reduce human
error. Furthermore, since the GUI could simplify the analysis process compared to the conventional
one, it can be implemented in CG research more rapidly and with less effort.

The AHP was utilized in this research to prioritize the usability criteria that impact the GUI score.
The AHP method can assist us in ensuring that the graphical user interface is effective, efficient,
controllable, easy to learn, and attractive, thereby improving the user experience and satisfaction.
The AHP method revealed that the five most essential criteria for evaluating GUI usability are
accuracy, task completion time, response time, consistency, completeness, and ease of use. The new
CG-MATLAB GUI has been observed to meet the most critical usability criteria.

The Technology Acceptance Model (TAM), which describes how people accept and use new
technologies, may be considered for future research. The model was developed by Davis, F.D. [37]
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and has been utilized extensively in information systems research [38,39]. As a result, it should be
used in future studies to test and refine our GUI.
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