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Abstract. A system of Fredholm integro-differential equations involving first and second derivatives is addressed using the
Successive Approximation Method (SAM) combined with an iterative algorithm. Starting from an initial estimate, the integral
term evaluated using previous iterates is treated as a known forcing function in each iteration. This transforms the original
integro-differential system into a sequence of linear differential systems, which are then solved under given boundary or initial
conditions. Convergence and uniqueness of the solution are rigorously established, and the resulting approximate solution is
shown to converge the exact one as the iteration proceeds. Numerical examples demonstrate that SAM produces accurate
approximations with controlled error and good computational efficiency.

Keywords: System of Fredholm, integro-differential equations ,The Successive Approximation Method

Introduction

Integral equations can articulate a range of topics in mathematical physics. Certain systems will be utilized as examples; compiling a
comprehensive list of such applications would be practically impossible. The body of literature concerning integral equations and their
applications is vast. This section will examine systems of Fredholm integro-differential equations of the second kind, expressed as follows:

Wi(x) = £(x) + Ay [ [u(x, O () + elx, OF(D]dr
F(x) = g(x) + 2 [ Tu(x, 090 + =(x, DE(D]dt

And the kernel of the system form is:

i-"1

ulx,t) = Z s s
i=1

. by iy
where '(x) = % ) = % ,since the resultant system integrates both the differential and integral operators, it is essential to

provide beginning conditions. (0}, ' (00, ...w""~H(0) for the identification of the specific solution ¥ (x.t} of the Fredholm
integro-differential equation(1).The unknown function (), £(t} that will be established appear within the integral sign, but the
derivatives of w:(t), £(t) appear mostly outside the integral sign ,The kernel u(x,t)and the given fix).g(x) are real-valued
function, and 4,.4; are arbitrary constants , x is variable and w(t}. £(t) , A system of Fredholm integro-differential equations

combining first and second derivatives arises in modeling processes with both local dynamics and nonlocal interactions and
requires specialized techniques for solution The successive approximation method transforms the original coupled system by
isolating the integral terms and treating them as known based on previous iterates in each cycle Through this iterative framework
the integro-differential equations are reduced to a sequence of linear ordinary differential problems[1]. each with updated forcing
terms determined from the previous iteration The procedure begins with an initial guess that satisfies any prescribed boundary on
properties of the kernel functions and the linear operators to ensure that the sequence converges to the true solution which can be
rigorously justified under suitable conditions The successive approximation method offers computational efficiency by leveraging
existing solvers for ordinary differential equations [2]and[3]. and can achieve high accuracy as iterations progress Numerical case
studies demonstrate that SAM effectively handles the coupling between first and second derivatives within the Fredholm
framework while maintaining stability and controllable error growth or initial conditions,[4]and[5] and updates the solution by
solving the linearized differential systems, then evaluating the integral kernels against the current approximation Convergence of
the method[6]and[7] relies thereby providing a robust numerical tool for this class of integro-differential systems.

9


mailto:ah230020pcm@st.tu.edu.iq
mailto:borhan_nissan@uokirkuk.edu.iq
mailto:zeyaemoh1978@tu.edu.iq

Methodology Description

The (SAM) gives a system that may solve initial value or integral equations. This approach solves any problems by uncovering
consecutive approximations of the answer. The procedure begins with an initial estimate as py{x}, which is termed, the in

approximations and may be any real-valued function g (x). The zeroth approximation will then be utilized in a related to
recurrence to discover the subsequent approximations. Provide the (NLFIE) of the second kind.

Pl = FC) + [P e, ) 9, @Dt n=1 @

where 3 (x) represents the undetermined function that has to be decided and x(x. £} represents the kernel.the recurrence

connection is shown via the use of the successive approximations method.

b
Yraalx) = flx) + [ pla.8) @ (8)dt ,j=0 3)

Where the zeroth estimate #; (7}, might be any specific authentically appreciate function. We always start with a beginning guess
for wy (x) , and for i, (x7 , we almost always choose either {0.17 or x as our starting guess. When this value of () is inputted
in to equation (2), some successive estimate of ;(xJ, j = 1 will be determined as:

0.0 = £GI + [ ule ) gy

a

0,00 = £6I + [ G0 Ot

a

¥;(x) = fx) +j ule, t) w;_, (B)dt

a

Consequently, the configuration ¢5(x} may be obtained by employing.

Yplx) = il_f'g Yjsa (2)

By way of illustration, the successive approximation technique, also known as the picard iteration strategy, will be discussed in
further detail.

Analysis of Fredholm Integro-Differential Equation by Using Successive Approximation Method
(SAM)

The Successive Approximation Method is a reliable technique previously utilized to solve Fredholm integro-differential
equations. This section will employ cubic splines to address systems of second-kind Fredholm integro-differential equations in a
manner consistent with our previous methodology. This technique efficiently resolves any Fredholm problem through Successive
Approximation Method, producing accurate answers. This section will analyze systems of Fredholm integro-differential
equations as follows;

W) = F(x) + Ay [T, O () + plx, OF(D)]dt
F(x) = g(x) + 2y [ Iu(x, (D) + plx, DED]de

And the kernel of the system form is:

i-"1

ulet) = Z o
J=1

10



Phasel: Integrating both sides the system {1} once or more from 0 to x, utilizing beginning conditions and proceeding
accordingly:

W(x) = Fx) + A [ TCx, D90 + plx, D E(D]de
£00) = g(x) + 22 J [n(x, OO + plx,OF (D] dt
Phase2: We transform (x) = &(x) = 5(x)
Phase3: The Successive Approximation Method is defined by the subsequent formula
Byoa () = fG) + J) plx.8) o, Dt j= 0 6)
The recurrence connection is shown via the use of the progressive approximations approach.
Piger ) = fla) + E}';IJ’;’ py Gty ()dt i=12,..n @)
Where the zeroth estimate, i (x7), might be any specific authentically appreciated function. We always start with a beginning
guess for ¥, (x7), and for ¥, (x7), we almost always choose either 0.1 er x as our starting guess. When this value of 3, (x) is

inputted into equation (2}, some successive estimates of

Wi (). j = 1 will be determined as.

mﬁﬂ=ﬁﬂfZZJ:Umﬂ%@r

bins) = 16 + 3 [ 1y 09

Consequently, the configuration r;(x) .i = 1.....m may be obtained by employing
ﬂ‘t'i-r:] :}[Hi t|f"i,4:+1.|::«-r:|

Phase4: By using of the progressive approximations approach.
Yiper() = FG) + 50, [ gy (e Oy, (00dE i=12Zm  (8)

Phaseb: In the equal, using the a The Successive Approximation Method to the resultant system produces an approximate
solution to the problem. (7} as 5; (£). given by equation (5)

Quantitative Illustrations

This section presents three examples to demonstrate the effectiveness and accuracy of the recommended technique. The
computed inaccuracies &; are delineated by & = |3; — 5;| where w; is the precise solution of system (3Jand w(t), (t)

represents an estimated solution to the identical equation. We additionally compute the Least Squares Error. (LSE), defined by
the formula. E_ oy, — 577 ,All computations are executed with the Matlab program

Examplel:Use the successive approximation method to solve the following system of Fredholm integro-differential
equations
[¢m=%+n+ﬁw¢M+mmm1

9
Flx)= % —2x + J’[,I[t3 w(t) + 2 E(8)]de ®)

Integrating both sides the system (%} once from 0 to x and the application of initial circumstances and the subsequent actions as
the

[:,tr{xil =T x+a’ + ) x2 D dt + [y 280 dt}
(10)

Flx) = :—zx —-x + fnlxt3 Plthde + J’Dlx t* E(t) dt
11



The exact solution to this system is provided by w(x} = x + x*

Table(1) show a comparison between the exact and numerical solution using a (SAM) for (x) for example (1), dependent on

the least square error with h = 0.2

Table(1): The Numerical Results for Example (1) forn =5

Xy P, 5 | s — 512

0.0 0.000000000000 0.0000000000000 0.000000000000
0.2 0.240000000000 0.1856000000000 0.002959360000
0.4 0.560000000000 0.5047000000000 0.003058090000
0.6 0.960000000000 0.9178000000000 0.001780840000
0.8 1.440000000000 1.411400000000 0.000817960000
1.0 2.000000000000 1.981800000000 0.000331240000
LSE 0.894749000x 102

The exact solution to this system is provided by £{x} = x — x*

Table(2) show a comparison between the exact and numerical solution using a (SAM) for £(x) for example (#), dependent on

the least square error with h = 0.2

Table(2): The Numerical Results for Example (1) forn =5

x 2 S, |5, — 5;1°

0.0 0.000000000000 0.0000000000000 0.000000000000
0.2 0.160000000000 0.1178000000000 0.001780800000
04 0.240000000000 0.1971000000000 0.001840410000
0.6 0.240000000000 0.2073000000000 0.001069290000
0.8 0.160000000000 0.1379000000000 0.000488410000
1.0 0.000000000000 -0.014100000000 0.000198810000
LSE 0.537772000: 102

12
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Figure(1): Offers a comparison between the exact answer and the numerical answers obtained using (SAM) interpolation for
wix) and £(x) in example 1, based on the least square error with h = 0.2

Example(2): Use the successive approximation method to solve the following system of Fredholm integro-differential equations
' (x) = —0.4597sinx + 0.15853cosx + fnl[siﬂx#r{t] + cosx f{t:]]dt

11
F'(x) = —0.4597cosx + 0.15853sinx + fnl[fosx#r{t] + sinx E(t)dt =

Integrating both sides the system (11} once or more from @ to x and the utilizing initial conditions and the subsequent as the

Pix) = —0.4597 + 0.4597cosx + 0. 15853 sinx + J’J[l — cosx]y(t)dt
+ [y sinx £@)dt
F(x) = 1.15853 — 0.4597sinx — 0.15853cosx + fnlsiﬂx#r(t]dt
+ [y eosx— 1180 dt

(12

When we use the Maclaurin series on sinx and cosx , we arrive at the following result:
The exact solution to this system is provided by y(x)} = sinx

Table(3) show a comparison between the exact and numerical solution using a (SAM) for {x) for example (2), dependent on
the least square error with h = 0.2

Table(3): The Numerical Results for Example (2) forn = 5

X W 54 | — 55l

0.0 0.000000000000 0.0000000000000 0.000000000000
0.2 0.003490650000 0.1840000000000 0.032583625000
04 0.006981260000 0.4585000000000 0.203869172000
0.6 0.010471784000 0.6586000000000 0.420070184000

13




0.8 0.013962180000 0.7741000000000 0.577809505000
1.0 0.017452406000 0.9573000000000 0.883313499000
LSE 2.117645982000

The exact solution to this system is provided by {x) = cosx

Table(4) show a comparison between the exact and numerical solution using a (SAM) for £{x]} for example (2), dependent on

the least square error with h = 0.2

Table(4): The Numerical Results for Example (2) forn = 5

i i 5; FANEAE
0.0 1.000000000000 1.0000000000000 0.000000000000
0.2 0.999990000000 1.0735000000000 0.005403720000
0.4 0.999970000000 1.2665000000000 0.071038240000
0.6 0.999940000000 1.4175000000000 0.174356353000
0.8 0.999900000000 1.8512000000000 0.724711690000
1.0 0.999840000000 1.7203000000000 0.519062611000
LSE 1.4946000000000
1 T T T T 2 T T T T T
09r
* Exact solution
08¢ , , -
-~ Approximate solution 7
Ja/
07¢ % / (50 * Exact solution
06 P -~ Approximate solution
< a <
u
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0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X X

Figure(2): Offers a comparison between the exact answer and the numerical answers obtained using (SAM) interpolation for
wix) and £(x) in example 1, based on the least square error with h = 0.2

14



Example(3): Use the successive approximation method to solve the following system of Fredholm integro-differential equations:

[w"c:le e+ Ly e+ -fz{ﬂ]'it] )
1
F'ix)=e® +T‘T‘I+ Lt — £)dt

Integrating both sides the system ({137 twice from 0 to x and the utilization of initial conditions and the subsequent actions

[#’{x] —e - h T T + Ez(ﬂ]dt} ”

£x) :g-x+(T—i' LI D Pt - £0)a

—-X

When we use the Maclaurin series on @™ and e~** , we arrive at the following result

—X

The exact solution to this system is provided by y(x) = e

Table(5) show a comparison between the exact and numerical solution using a (SAM) for w(x} for example (3), dependent on
the least square error with h = 0.2

Table(5): The Numerical Results for Example (3) fornn =5

X ¥ 3; by — 5l

0.0 1.000000000000 1.0000000000000 0.000000000000
0.2 0.818730800000 0.6687000000000 0.022509240000
0.4 0.670320046000 0.4293000000000 0.058090662000
0.6 0.548811857000 0.2200000000000 0.108117237000
0.8 0.449328964000 -0.024100000000 0.224134984000
1.0 0.367879441000 -0.366800000000 0.539753881000
LSE 0.952606004000

The exact solution to this system is provided by w(x) = e~

Table(6) show a comparison between the exact and numerical solution using a (SAM) for £(x) for example (3), dependent on
the least square error with h = 0.2

Table(6): The Numerical Results for Example (3) forn = 5

x £ 5 15; — 5;I7

0.0 1.000000000000 1.0000000000000 0.000000000000
0.2 0.670320022600 0.8119000000000 0.020044890000
0.4 0.449328964000 0.6426000000000 0.037353693000
0.6 0.301194211000 0.4836000000000 0.033271871000
0.8 0.201896518000 0.3274000000000 0.015751123000
1.0 0.135335283000 0.1657000000000 0.000922016000

15
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Figure(3): Offers a comparison between the exact answer and the numerical answers obtained using (SAM) interpolation for
wix) and £(x) in example 3, based on the least square error with h = 0.2

Table(7): LSE for different values of n for example (1)-(3)
LSEn n=>5 n=>5
v, 3
Example 1 0.894749000x 10~2 0.537772000: 1072
Example 2 2.11764598200 1.494600000000
Example 3 9.5260600410°* 1.07343593x 10~*
Conclusions

The successive approximation method transforms the coupled Fredholm integro-differential system featuring first and second
derivatives into a convergent iterative scheme each iteration requiring the solution of a linear differential problem with updated
source terms derived from previous approximations, The method’s convergence and accuracy are ensured under mild assumptions
on the kernels and operators and it efficiently leverages existing ordinary differential equation solvers Numerical examples
confirm that SAM achieves high-precision results often matching analytical solutions in few steps.
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Abstract

The increasing acceptance of Agile approaches in software engineering has highlighted the
significance of automated quality measures to guarantee continuous delivery while maintaining reliability.
The Agile development cycle enhances speed, but it increases the chances of technical debt and software
failures. This article reviews the recent advancements and tools supporting automated quality metrics in
Agile pipelines and potential solutions to shared roadblocks, including shifting requirements, shrinking test
windows, and scalability. We focus on the elements of dynamic analysis, unit testing, and performance
tooling that influence code maintainability, early identification of defects, and efficient processes. The study
analyzes empirical cases to demonstrate how automated metrics relieve risks, optimize workflows, and
enhance software resilience. Because quality checks are integrated at every point in the development
lifecycle process, automated quality metrics provide Agile teams the ability to address speed and endurance,
and progressive modernization to maintain success in any long-term projects.
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1. Introduction

Agile software development methods have impacted software engineering by improving customer
engagement, increasing flexibility, and shortening delivery timelines. Whereas a particular software
development implementation follows the waterfall model, Agile development practices involve iterative
cycles whereby multi-disciplinary teams develop requirements and solutions collaboratively. The use of
iterative cycles means frequent releases and an ongoing ability to improve the product regardless of
changing customer requirements. Extreme Programming, Kanban, Scrum, etc., provide teams with much of
the structure needed in a fast-changing project scope and requests [1].

Traditional waterfall development is a linear, phased process where the typical quality assurance aspect is
performed at the end of the project. This method of development organizes the project scope. It allows for
testing, but issues or defects found later in development generally lead to higher costs and more complexity
in fixing the defects. The iterative aspect of Agile encourages rapid, frequent releases with continuous
testing and integration throughout the development lifecycle. To shift to Agile development, the QA aspects
of the process must evolve to keep up with the quicker pace and complexity that Agile places into the
development process. The QA process must shift to more frequent and flexible quality testing to match
iterative development and evolving requirements [2].

Through incremental, high-value software delivery, Agile provides a key advantage of offering flexibility
and reducing time to the market. The iterative process promotes a culture of continuous development by
reinforcing the customer's satisfaction levels and allowing for the early discovery of problems. The pace and
change that are frequent aspects of Agile considerably challenge quality assurance (QA) processes.
Maintaining high software quality is difficult enough when our development cycle is reduced, and product
requirements change regularly. Making changes to code frequently, combined with varying specifications,
increases the potential for errors, rendering manual quality checks impractical or ineffective [3].

Agile techniques accelerate delivery. However, the increased tempo can produce unintentional technical
debt, defined as accumulating quick-fix solutions, unfinished functionality, or incomplete testing over time.
Research suggests that most Agile teams are accumulating technical debt, and not dealing with technical
debt can create problems for the software's future maintainability and audience scalability. One way to
reduce the risk of technical debt is to implement automated quality metrics, which combine the integration
of defect detection, static code analysis, and performance monitoring in an Agile pipeline to enable teams to
understand and address those issues as early as possible in the development process. By maintaining rigor
with automated quality metrics, teams can protect code quality and limit ongoing maintenance costs [4].
Technical debt can be caused by inconsistent evaluation of quality and poor tracking of defects, which may
eventually deteriorate the performance and maintainability of software. Agile teams often approach this
issue by exaggerating software quality metrics via different forms of automation to discover faults upfront,
offer late feedback, and continue to note overall performance. Using automated QA processes in the Agile
pipeline allows teams to ensure software is always stable, scalable, and reliable at delivery speed while
giving teams time to create and innovate [5].

The growing use of automated quality assurance tools demonstrates the need for scalable quality in Agile
environments. Industry statistics show that many Agile teams have integrated automation testing and quality
solutions into their development processes. This demonstrates the important effects of test automation on
reliability and improved time to market. JUnit, Selenium, and JMeter provide fast feedback and continuous
monitoring, allowing Agile teams to have quality assurance commitments and be agile with speed [6].

The paper is a comprehensive examination of existing research, methods, and models for evaluating the role
of automated software quality metrics in Agile development. The study is forward-looking at automated
measures, their meaningful application, and the challenges associated with their use [7]. The study identifies
the need for ongoing improvement of automated metrics as the landscape of Agile software engineering
evolves. The study identifies the need for these metrics to be adopted into the broader Agile culture to
enhance collaboration and outcomes. Figure 1 below presents the waterfall model and agile development,
with important differences noted. The Waterfall model exhibits late-stage quality assurance, postponed fault
identification, increased maintenance expenses, and a longer, manual delivery process. Agile development
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juxtaposes this with ongoing quality assurance, prompt problem identification, diminished technological
debt, and expedited automated delivery. The diagram illustrates Agile's iterative methodology in contrast to
Waterfall's sequential approach [2].
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Figure 1: Comparison of Quality Assurance Processes in Waterfall vs. Agile Development

2. Background and Motivation
2.1 Agile Development and Its Challenges

Scrum, Kanban, Extreme Programming, and other agile frameworks emphasize iterative development,
flexibility, and incremental delivery. This enables teams to adapt to market changes and customer feedback
almost instantly. These methods encourage strong collaboration between team members, continuous
integration and regular releases, environment adaptability, and responsiveness. Agile increases productivity
and customer satisfaction by delivering functional software in short cycles, but presents significant
challenges in keeping up with software quality during development [8].

In fast-paced agile projects, requirements are altered, and the development cycles become shorter. Such
conditions enhance the possibility of problems and technical debt. Frequent changes in the scope and
ongoing code changes can overload conventional quality measures, for we have to implement automated
quality measurement methods. Unless tight quality controls take place, performance issues, security issues,
and maintainability problems may prevail in agile projects, which could finally hamper the success of the
project [9].

To mitigate these risks, agile teams slowly move to automated software quality metrics that give real-time
visibility into code health, defect density, and process effectiveness. These metrics help detect potential
faults proactively so that quality stays preferred throughout the iterative development process. Automating
technologies into agile pipelines allows teams to enforce coding standards, run continuous testing, and
monitor KPIs that promote long-term project sustainability. Hence, automated quality metrics are necessary
to maintain high-quality software in an agile environment, balancing speed with stability and resilience [10].
[11] It looks into the challenges of extensive agile development from a requirements engineering perspective
[12] and the challenges of agile development for a physical product, scaling, collaboration, resource
allocation, and interdependencies. In contrast, [13] studied agile software development in government
organizations and the challenges they faced during the process. Furthermore, [14] looked into the quest for
technical skills in agile and the main challenges faced by agile practitioners. Then [15] investigated the
accessibility needs in agile development and the challenges and gaps in existing techniques. Moreover, [16]
compared agile with traditional approaches like waterfall and highlighted the challenges and benefits of
agile if we focus on failure rates, adaptability, and the hybrid approach to overcoming agile limitations.
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2.2 Importance of Automated Quality Metrics

Automated quality metrics are an essential part of Agile software development-they provide continuous
monitoring, early defect detection, and a wide range of feedback on code health and process efficiency.
Their constant observation helps avoid the accrued debt of any technical debt since such metrics identify
potential problems at early stages, preventing the piling of defects that, when stacked together, impact the
long-term maintainability and performance of the whole system. Automated metrics allow for risk-based,
real-time assessment and enable teams to proactively act on keeping high code quality throughout to uphold
their coding standards [17].

In practice, embedding the checks that assure quality in Agile is blended into automation through the whole
software development life cycle. This is into ClI to have fast feedback loops to Agile methods--that is,
automated quality tools run on code changes at commit time and during CI cycles to see that new
functionality does not degrade the general performance or stability of the system. It would also contribute to
Agile's core values and principles, namely rapid iterations, enhanced collaboration, and continual
improvement [18].

In addition, automated metrics provide added layers of insight around health, like code complexity,
maintainability, security vulnerabilities, and build success rates. These can inform teams' data-driven
decisions regarding setting priorities, the urgency of specific tasks, and the efficient use of resourcing. Agile
teams operate in fast-paced environments, so this automated metric integration will speed up development
and offer higher resilience and robustness to the final product, improving customer satisfaction behind it and
ensuring long-term project success [19]. Automation, quality metrics, and scalability in Table 1 highlight the
summarized Agile Development challenges and solutions. It focuses on the tools, frameworks, and practices
for better coordination, learning, and usability to overcome the challenges of matters of technical debt and
accessibility.

Table 1: Agile Development and Automated Quality Metrics — Challenges and Solutions

References Aspect Description Challenges/lssues Solutions/Benefits
Emphasis on achieving . . L .
. . Lack of shared understanding of Continuous architecting, leadership
Agile technical excellence through . L - . - ]
[14] . . Agile principles, misinterpretation support, and fostering a learning
Development continuous learning and N . " .
. of "technical excellence. environment.
sustainable code.
Focuses on integrating non- . . . .
. . 9 g NFRs are often ignored in Agile Semi-automated NLP-based
. functional requirements (NFR) .
Agile . . due to a focus on functional methodology for faster NFR
[20] elicitation using cloud . . . s . .
Development L . requirements, leading to project elicitation and improved project
computing in Agile .
. failures. success rate.
environments.
Describes lessons from . . . .
. - L Agile practices often lack Custom adaptation of Agile methods
[21] Agile applying Agile in high-speed adaptability for hyper-agile to ensure responsiveness in critical
Development environments like COVID-19 scenarizs re u)i/rin r: pid itegration high paced rojects ’
vaccine distribution. g grap ' gh-p Projects.
. Comparative analysis between Augile projects have lower failure . - .
Agile P . y gre proj . Hybrid approaches combining Agile
[16] Agile and Waterfall rates but are not universally . L
Development . . and Waterfall for project flexibility.
methodologies. suitable.
. Examines the i t of vari . " . Adoption of multiple Agil ti
Agile xamines the impact of various Miscommunication and shifting option of multiple Agile practices
[22] Agile practices on project L (Scrum, Kanban, etc.) to improve
Development priorities in teams. . .
outcomes. collaboration and project results.
. . . Balancing differentiated leadershi
Agile Study on leadership dynamics Unequal leader-member g . . P
[23] . . . . - . to enhance team satisfaction and
Development in Agile development teams. relationships lead to dissatisfaction.
performance.
[24] . Combining Agile and L " . . . .
Agile - . Lack of adaptability in traditional Hybrid models integrating Agile
g traditional project management P y Y g 979
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Development

for sustainability.

methods.

flexibility with traditional stability.

Website-based transaction

Agile . . Manual processes are delayin Automation and Agile methods to
[25] Develg ment system using Adaptive Software I?o'ect rogress e streamline transac?ion rocesses
P Development (ASD). ProJect progress. P '
Misalignment between Agile and
. . g . . g Use of SAFe and LeSS frameworks,
Challenges in Explores RE challenges in traditional requirements
[26] . . . . . - workshops, and cross-team
Agile QA large-scale agile environments. engineering, lack of coordination o
synchronization.
across teams.
S . A lightweight dynamic integration
. Proposes a framework Agile's informal nature conflicts g g y g
[27] Challenges in integrating security engineering | with structured security processes method using AHP and
Agile QA . : . e ' PROMETHEE to embed security
processes in Agile methods. causing vulnerabilities. I .
activities into Agile workflows.
Examines requirement . . .
. . . d . . Dynamic requirements and Continuous RE processes
Challenges in engineering (RE) issues in . . .
[28] . ; . inadequate requirement gathering throughout the development cycle
Agile QA Agile projects and how they .
. lead to software failures. and stakeholder engagement.
affect project success.
. . . Agile Teamwork Effectiveness
. Develops a model for enhancin Communication gaps, leadershi .
Challenges in P ancing dap P Model (ATEM) with shared
[29] . teamwork and collaboration in challenges, and a lack of team .
Agile QA . . L . leadership and peer feedback to
Agile projects. coordination reduce effectiveness. -
enhance collaboration.
. Systematic literature review of . I
Challenges in . Managing scope creep and change | Flexibility in scope management and
[30] Agile QA project management challenges in Agile environments iterative plannin
g during Agile development. g ' P g
. Conceptual modeling as a . Use of conceptual models to
Challenges in . . . Incomplete and ambiguous user . L
[31] . solution to Agile requirements . . improve communication and
Agile QA . . . stories in Agile RE. . .
engineering (RE) issues. requirement clarity.
Examines accessibility Accessibility not prioritized; L .
. . . - o Training programs and adoption of
. challenges in Agile projects, limited knowledge of accessibility o S
[32] Technical Debt . . - . accessibility acceptance criteria in
with a focus on industry guidelines; lack of appropriate .
. Agile processes.
practices. tools.
. . Misalignment with rapidl . .
Theoretical and practical sa_ gnment wit a_p_d y- Agile frameworks like Scrum, XP,
Automated - L changing market conditions;
[33] . . applications of Agile in digital . and Kanban are used to enhance
Quality Metrics . . challenges in digital . .
transformation projects. . adaptability and responsiveness.
transformation.
Al-driven tools to support . . . Al-driven assistants for task
Automated . PP Complexity of scaling Agile, lack . L .
[34] . . scaled Agile frameworks automation, predictive analytics, and
Quality Metrics of automated tools for large teams. - . .
(SAFe). improving team collaboration.
Pr iction- S .
opose_s 2 p_)redlctlon_ based . A new estimation method using
Automated cost estimation technique to Frequent client change requests . o
[35] . . o . . . project categorization based on
Quality Metrics | address Agile's time and budget | increase project cost and duration. . .
complexity and developer expertise.
overruns.
Role of Investigate the application of Scaling challenges, physical Empirical studies to adapt Agile
[36] Automation in Agile methods in physical product constraints, and principles for physical product
Agile product development. synchronization across teams. development.
Presents a governance model . . I
Role of . g . - Lack of architectural governance in Heterogeneous Tailoring model to
L. for managing Agile architecture . . .
[37] Automation in . Agile squads leads to ensure architectural alignment across
. in large-scale development - . .
Agile inconsistencies. autonomous teams.

environments.
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Role of Toolkit to facilitate membrane o . . Introduction of P-Lingua 5 with
L . . . Limited to predefined variants; . .
[38] Automation in computing using Agile o N user-defined variants and backward
. lack of flexibility in customization. -
Agile methods. compatibility.
[39] Automation in P yp g P development timelines, lack of tool P P g. g
. software using open-source . software development with hardware
Agile standardization.
tools. schedules.
Role of Linking testing activities with . . o Integration of continuous testing
L . . Testing physical products within .
[40] Automation in | Agile development for physical . throughout the Agile development
. Agile cycles.
Agile products. process.
Explores Agile-Stage-Gate Clash between Agile and . . .
p. g g .. . g . Agile sprints between traditional
hybrid methods for product traditional project evaluation L .
[41] Popular Tools . o . . gates to provide iterative feedback
development and portfolio metrics; difficulty in managing . - P
- L and improve project visibility.
management. evolving product definitions.

3. Classification of Automated Software Quality Metrics

3.1 Code Quality Metrics

« Code Complexity: Program complexity is a key software quality and maintainability metric.
Cyclomatic complexity is among the most common metrics, measuring the number of linearly
independent paths through a program's source code. It sheds light on how intricate a control flow is
and on certain parts of the program that may be error-prone and difficult to test. High cyclomatic
complexity usually means that a particular piece of code is complex to test and less readable,
requiring a refactor. Halstead Metrics is the second most important measure of code complexity after
cyclomatic complexity. The Halstead metrics would analyze the software’'s volume, difficulty, and
effort based on operators and operands in the codebase. Such quantitative measures help developers
locate the areas of the source code that are becoming too complex and could lead to issues affecting
maintainability and performance [42].

« Code Maintainability: To keep updated with the post-COVID-19 situation, maintainability analyzes
the effects of those factors on the lifespan and flexibility of a piece of software. The Maintainability
Index (MI) is a combined measure of the three aspects: cyclomatic complexity, lines of code that are
commented on, and an overall estimate of how maintainable the code is. The higher the index, the
better the maintainability, which means easier updates and an overall cost reduction in future
development. Code churn is the other key indicator of the inherent stability and risks related to the
code and measures how often code has been changed. In this context, areas under high churn typically
indicate evolving or underlying structural issues within the code. If Agile teams identify and pay
special attention to areas that churn out high amounts of code, they can direct their refactoring efforts
to stabilizing the codebase [43].

« Code Coverage: The various metrics used for calculating code coverage, measured by how much a
program's source code is exercised during some testing, line, branch, and function coverage are the
most commonly used. Line coverage is the percentage of lines executed, thus providing a
straightforward measure of the extent of testing done. Branch coverage determines if each control
structure, such as if-else statements, has been run in its true and false executions, ensuring that even
the decision points have been extensively tested. Function coverage verifies if every defined function
was called in the testing process. High code coverage means fewer chances of undetected defects,
better software reliability, and the Agile teams® full confidence in still frequent releases and updates
[44]. Figure 2 supplements a hierarchical classification of code quality metrics, where the metrics
concern three primary classes: Code Complexity, Code Coverage, and Code Maintainability. Each
class branch forms specific sub-metrics such as Cyclomatic Complexity, Halstead Metrics, Line and
Branch Coverage, and Maintainability Index (MI). The visualization provides a clear overview of how
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different metrics build towards the capability of assessing software quality when grasping the areas
where refactoring is necessary, ensuring improvements in maintainability, and establishing complete
test coverage [45].

Code Quality Metrics

Code Code
Complexity Code Coverage Maintainability

Cyclomatic | Halstead Line Branch Function “:E‘Im'\“ Code

Complexity Metrics Coverage Coverage Coverage Index (MI) Churn

Figure 2: Classification of Code Quality Metrics

3.2 Dynamic Analysis

Dynamic analysis is considered a dynamic phase in software engineering, which refers to quality analysis of
the behaviour of a system during execution. The process targets the identification of runtime errors, the
validation of software functions, and the analysis of performance depending on various cases. Dynamic
analysis refers to the real-time implementation of the program and analysis of the actions taken for further
inputs, environments, and stress levels, guaranteeing stability, trustworthiness, and efficiency. This section
clarifies the three standard, widely used tools for dynamic analysis: JUnit, Selenium, and JMeter. These
tools perform quite different assignments in software testing [46].

« JUnit: Automated Unit Testing for Code Validation:

JUnit is a well-established framework that supports unit testing for Java applications. Unit testing is the
process that tests the independent unit or piece of code to be sure that each unit performs as expected. This
gives users confidence that JUnit provides a simple way to create and use test cases so that developers can
test their code as they develop it throughout the life cycle of a project. With JUnit, developers can automate
the execution of their unit tests, when desired, to enhance the productivity of their development, help find
faults early, and make TDD possible. This will help developers have confidence that their code is correct
and provide accurately coded, modular, maintainable, and extensible software structures [47].

« Selenium: Automated Testing of Web Applications:

Selenium is a handy open-source testing framework that automates web application testing, enabling users
to interact with a web interface and validate that a web-based system works properly under various
circumstances. It supports several programming languages like Java, Python, and C# to integrate well within
different development environments. Rather than performing such repetitions as form filling, button
clicking, and navigation manually, Selenium is utilized for speedy regression testing and helps to identify
more accurately where things are not going quite right. The effort for execution by hand is then shortened,
while the risk of human error considerably decreases. Testing processes thus scale and become more
efficient and systematic; this is why Selenium has become one of the most important tools for quality
assurance of web applications [48].

« JMeter: Performance and Load Testing for System Stability:

Apache JMeter is an important tool in software systems' performance, load, and stress testing. It enables the
tester to generate high user traffic and observe the system's performance under peak loads and possible
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bottlenecks. JMeter, apart from performance tests, can test a wide variety of applications like web services,
databases, and network protocols. With its detailed reporting and visualizations of test results, JMeter can
show response times, throughput per unit time, and how scalable a system is. This makes it very helpful
when testing the reliability and robustness of applications to ensure that the applications can take up
expected workloads without any performance degradation issues. Besides this, performance issues can be
detected and reported during development, thus helping optimize system architecture and resource
allocation. These tools collectively support and enhance the dynamic analysis process through which
resilient, high-performing software systems can be developed to meet user needs and follow industry
standards [49].

3.3 Continuous Integration and Deployment (CI/CD)

Continuous Integration and Deployment (CI/CD) is the backbone of modern software engineering,
automating processes that expedite development workflows and improve software quality. This segment
analyses three tools currently established for the CI/CD pipeline: Jenkins, Travis Cl, and CircleCI. All are
central to automation for some key stages of the software delivery life cycle, and each one enables rapid
release cycles and increases reliability and overall cooperation among development teams [50].

« Jenkins:

Jenkins is also a free and open source automation server known for its capabilities and rich plugin
ecosystem. This automation server executes various stages of the software lifecycle- from turning code into
executable packages to testing and deploying them. The extensibility of Jenkins allows for seamless
integration with myriad source control repositories and build tools. Orchestrating build pipelines performs
continuous integration through continuous build, which is a build that is triggered automatically as soon as
changes are made in the related code commons. This detects defects early on, before software artifacts of
poor quality are distributed. The distributed architecture of Jenkins caters to solid scalability where jobs can
be run in parallel across many nodes, thus enabling performance optimization for large projects [51].

e Travis Cl:

Travis Cl is an online CI/CD service built for ease of use and primarily supports open-source and enterprise
projects. Internally, Travis CI will run unit tests, integration tests, and static code analysis in the
development pipeline. Developers can use a .travis.yml to indicate how to build their project, its
dependencies, and what testing framework should be used. It integrates with GitHub repositories and builds
automatically from pull requests and commits, providing a great TDD tool. One of its more impressive
features is parallel testing and matrix builds, which means they can run simultaneously across different
environments, ensuring that the software will work across different configurations [52].

« CircleCl:

CircleCl provides cloud-based features focusing on speed, scalability, and ease of use. CircleClI increases
the software delivery process while assuring quality by automating the application's building, testing, and
deployment. It gives the developers great control over the build and deployment process with their YAML-
based configuration defining the custom workflows. The platform enables containerized builds to be run,
improving reproducibility and isolation of dependencies by providing Docker-based environments. CircleCl
easily deploys an application in production environments by integrating with different cloud platforms such
as AWS, Google Cloud, and Azure. With its performance insights and monitoring capabilities, teams can
optimize their build pipelines, reduce failure rates, and get increased development velocity [53].

These CI/CD tools accelerate innovation in organizations by facilitating the adoption of DevOps principles,
reducing the need for manual input, and, above all else, enabling feedback loops to act like the breath of life
breathed into products. With continuous feedback, better software quality emerges, wherein time to market
shrinks further, before which development and operations bonding is strengthened [54]. Table 2 below
summarizes key CI/CD and testing tools in which Jenkins has a significant stake in building, security, and
testing automation. The JUnit, Selenium, and JMeter do unit, web, and performance testing in their
respective territories, ensuring software quality. Travis Cl and CircleCI simplify cloud-based CI/CD work to
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hasten deployment. Collectively, these tools cut through the meandering passage of development, building
in their wake reliability and speeding along delivery.

Table 2: Overview of CI/CD and Testing Tools in Agile and Software Development

Reference

[55]

[56]

[57]

[58]

[59]

. Insights an
Tool Name Purpose Key Features/Functions e i
Advantages
Ensures code
Automated execution of correctness, early
. . . — test cases, supports TDD defect detection, and
JUnit Unit testing for Java applications pp
(Test-Driven supports modular
Development) and maintainable
software.
Simulates user interactions Accelerates
with web interfaces, regression testing,
Selenium Automated testing of web applications supports multiple reduces manual
programming languages effort, and improves
and browsers scalability.
Identifies
Simulates high traffic, | POtenecks, assesses
. reliability and
JMeter Performance, load, and stress testing evaluates system -
scalability, and
performance under load
enhances system
optimization.
Enhances
Orchestrates builds, tests, development
. . and deployments; efficiency, supports
Jenkins Automates software development lifecycle (CI/CD) . P y ! Y, pp
integrates with various parallel execution,
tools. and has a distributed
architecture.
Simplifies CI/CD
. pipeline integration,
. . Autom ild an .
Travis Cl Cloud-based CI/CD for testing and deployment . utomates build and . facilitates open-
testing upon code commits .
source project
automation.
Accelerates
YAML-based software delivery,
CircleCl Automates building, testing, and deployment configuration supports ensures consistent
Docker and parallel testing | quality, and enables
scalable pipelines.
Improves
Ensures secure software DevSecOps
Jenkins Security and CI/CD integration supply chains, automated practices, enhances
build, and deployment software supply
chain security.
Streamlines
Facilitates continuous development,
Jenkins CI/CD and software engineering automation software delivery and reduces deployment
testing errors, and increases
reliability.
. N Easy configuration, Supports small team
Travis CI Simplifying CI/CD for small teams y g PP

integrates with GitHub

automation,
facilitates faster
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deployment.

Integrates SAST tools,

Improves code
security, reduces
vulnerabilities, and

60 Jenkins Static code analysis in CI/CD ;
[60] y / provides feedback loops enhances the
development
lifecycle.
Speeds up testing,
. . - - Parallel testing, Docker increases scalability,
[61] Jenkins Dynamic testing in CI/CD pipelines . g © o y
integration and optimizes
pipeline efficiency.
Streamlines
. . Automates build, test, and development,
Jenkins Automates software development lifecycle (CI/CD) ° P
deployment processes reduces errors, and
improves efficiency.
[54] Ensures code
. . uality, promotes
. . . - Automates unit testing, quatity, p .
JUnit Unit testing for Java applications early bug detection,
supports TDD L g
and simplifies
development.
Enhances GitHub
Supports workflow Actions b
Jenkins CI/CD automation within GitHub workflows automation, integrates with . y .
. automating testing
various tools
and deployment.
Reduces manual
Simulates user testing effort and
Selenium Automates web application testing interactions, supports ensures Cross-
cross-browser testing platform
[62] compatibility.
Identifies
. Simulates high traffic, erformance
JMeter Performance and load testing g P
stress tests systems bottlenecks and
scalability issues.
Supports open-
. . Autom ing, rce proj with
Travis CI Cloud-based CI/CD for open-source projects . uto ate§ test_ g source p o_jects . t
integrates with GitHub easy configuration
and automation.
. - Facilitates
Customizable pipelines, .
. . - . . compliance and
Jenkins Automates compliance and deployment pipelines integrates with
) . accelerates
microservices
deployment cycles.
[63] Accelerates
Supports Docker, parallel software delivery
CircleCl Automates build, test, and deployment pipelines testing, and YAML and improves
configuration deployment
consistency.
S Ensures code qualit
. . . Automates build pipelines, . quatity
Jenkins Continuous Integration and Deployment lugin suonort and continuous
[32] plugin Supp delivery
CircleCl CI/CD Automation Docker support, parallel Speeds up
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execution development,
scalable workflows

4. Empirical Studies and Case Analysis

Examining empirical studies and case analyses constructs a solid, rocky foundation for theoretical
frameworks in different fields, which offers so much towards acceptance, modification, and application of
the theories. This section offers a detailed discussion of the methodologies, findings, and implications of
data-driven inquiries and real-life case studies. From observation and experimentation, one built it into
empiricism, which follows as some substantial support that makes the theoretical propositions credible and
generalizable [64]. Case analyses entail constant and thorough study of the selected cases, projects, or
organizations, from which the insights are drawn to identify patterns, anomalies, and best practices to
recognize. The figure compares Empirical Studies and Case Analyses, showcasing several strengths and
joint benefits. While empirical studies stand out in quantitative, broad, and generalizable aspects, case
analysis tends to be qualitative, contextual, and in-depth. Thus, some overlap exists regarding the utility
offered by these two methods concerning informing policies and practices and advancing theory, where
these methods solidify trustworthiness in answering the research questions with an elaborate depiction.

Empirical Case
Studies nfermsPolicy: Analyses

Guides Practice

Enhances Theory
Quantitative Qualitative
Generalizable Contextual
Broad In-depth

Figure 3: Complementary Nature of Empirical and Case Analyses

4.1 The Role of Empirical Studies in Academic Inquiry

Empirical research provides the basis for scientific advancement by bridging the gap between abstract theory
and practical applications. Empirical studies usually involve collecting, measuring, and analyzing
quantitative or qualitative data. Whether qualitative or quantitative, empirical approaches will always
provide information for decision-making, model validation, hypothesis testing, and explanations of
causation. Empirical approaches are important in social sciences, engineering, healthcare, and information
technology, where the insights from data are applied in decision-making, policy formulation, and
technological innovation [65]. An empirical study is, by definition, one that is undertaken according to
rigorous protocols: sample selection must be representative, instruments must be standardized, and statistical
techniques must all be appropriate. The reproducibility and transparency given to empirical research

enhance the credibility of the findings and the overall contribution of the field.

4.2 Case Analyses: Contextualizing Theory through Real-World Applications

The case studies narrow a particular view to their contexts in which theory becomes philosophically
observable as being in concert with practice. Regarding an individual case, be it an organization,
community, or any event, it is within that case that the researchers shall unearth highly refined insights that
remain concealed in macroscopically empirical studies. The case study enables identifying specific variables
unique to a given event or variables due to any situational setting influencing some outcome. Insights
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derived from case analyses are richer in detail, and viewing the concepts in question is diverse in dealing
with complex projects [66].

The essential purpose of case analysis is to generate knowledge that can, in turn, help buoy scholarly
research and professional practice. Such comparative case studies can enable researchers to identify
common trends and generalize cross-contextually. Furthermore, this could include longitudinal case
analysis, where changes over a long period are tracked, and scholars can observe the dynamic processes of
practices evolving

4.3 Integration of Empirical and Case-Based Approaches

A combination of empirical studies and case analyses within one framework functions to a great extent in
that it offers both the value of generalization and the depth of context analysis. This approach is vastly
commendable in project management, software engineering, healthcare, and education, among others, which
require models with their theoretical frameworks refitted according to varying conditions in place. In this
perfect union of priorities, quantitative empirical data and the flavor of the narrative from case analyses
create an understanding that endows the application and scaling of conclusions taken with a more
comprehensive approach toward knowledge. Such integrative methodologies promote understanding,
nourish the development of innovative solutions, and shape them into best practices [67].

4.4 Implications for Future Research and Practice

The insights from empirical studies and case analyses have significant implications for future research
trajectories and practical applications. Empirical validation of emerging theories paves the way for their
adoption in diverse contexts, while case analyses provide evidence-based recommendations that inform
policy, strategy, and implementation. Future research should prioritize converging empirical rigor and case-
based exploration to address evolving challenges and drive sustained academic and professional growth
[68].

In conclusion, empirical studies and case analyses are indispensable to scholarly inquiry. Their
complementary nature allows for a comprehensive understanding of complex phenomena, fostering
theoretical advancements and practical innovations that shape the contemporary research and practice
landscape. The studies on Agile, CI/CD, and DevOps are explicitly documented in Table 3, and we consider
studies on the process, project size, area of application, and constraints of agile methodologies. The table
above provides the principal highlights of relevant empirical studies and case studies on requirements
engineering, cost estimation, collaboration, artificial intelligence, and software quality. In addition, it
provides valuable insights into actualizing and leveraging practices for software development and
deployment, for example, in a continuous integration environment.

Table 3: Comparative Analysis of Empirical Studies and Case Analyses

L L L Empirical Case
Reference Criteria Methodolo Scope | Applications | Limitations .
& P PP Studies Analyses
Model . Real-world
Cost validation for Statistical application
[35] Estimation Quantitative Broad . Abstract analysis and _pp .
. agile cost in project
Techniques o surveys .
estimation scenarios
Application
Teamwork Policy Focus of team
. . development Hard to models in
[29] Effectivene Mixed Broad . groups and .
. . and model generalize . agile
ss in Agile . case studies .
testing environment
s
Accessibilit Unique Case
[32] N Qualitative | Narrow | 0 Hard to Survey of ;
y in Agile insights on generalize industr analysis of
Developme accessibility y accessibility
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nt practices practices consideratio
ns
Policy and Examination
Al in model Systematic | of Al tools in
cale uantitative roa validation for stract iterature scaled agile
34 Scaled Quantitati Broad lidation fi Ab li led agil
Agile Al review environment
integration S
Nonfunctio valilt\i/lact)i(z)er: for Cloud
| . . Hard t NLP-based ti
[20] n‘? Mixed Broad | nonfunctiona a .0 a§e compu g
Requireme - generalize analysis environment
- . | requirement .
nts in Agile S case studies
elicitation
Technical insLiJnr:tqsuiilto Hard to Semi- Vt?llrlgj“r?n
[14] Excellence Qualitative Narrow g . . structured .g
. - technical generalize . . practical
in Agile interviews L
excellence applications
Scaling .
- Comparative g .
Agile in . . Har Empirical Explorativ
[36] g G." Mixed Broad analysis of ard t-o . p. C? plorat (.a
Physical . . generalize investigation | case analysis
Products scaling agile
Large- Unique . Case
. L Multi- .
Scale Agile I insights on Hard to ultl-case analysis of
[26] Qualitative Narrow . study, .
RE RE generalize interviews agile
Challenges challenges frameworks
Digital Insights on
agile in . .
Transforma I g . Hard to Literature Practical
[33] . Qualitative Narrow digital . . L
tionin . generalize review applications
Adile transformatio
g n
In-depth
Requireme Unique Focus on examination
[28] nt Qualitative Narrow insights on Hard to small and of
Engineerin requirement generalize large agile requirement
g in Agile challenges projects elicitation
failures
Validation of Continuous
Cl/CD in CI/CD tools Implementati quality
[55] Automotive | Quantitative Broad in Abstract on and inspection in
Software automotive testing automotive
projects projects
Continuous Evaluation of . Real-world
Multi-case
[58] Software Mixed Broad CI/CD cost- Hard to stud examples of
Engineerin benefit generalize anal Zis Cl/CD
g analysis 4 pipelines
Efficiency
parallel analysis of Experimenta | Application
- I parallel | application to
61 Testing in uantitative | Narrow . Abstract . .
[61] Cl/C?D Q testing in of CI/ICD microservice
Cl/CD pipelines sin CI/CD
pipelines
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Cl/CD Empirical Usage
Tools in I analysis of Hard to Repository patterns in
[62] GitHub Quantitative Broad CI/CD tool generalize mining GitHub
Actions usage workflows
Compliance . Real-world
Csoorrf1t V\I/izrr?c validation Hard to rI:\r/Ti]s\:\:I;sL deployment
[63] p_ Mixed Broad through . and
e with generalize best .
Cl/CD . container
Cl/CD - practices
pipelines management
Managing
Quality quality Hard to Multi-case g:z;te;iu?r:
[69] Requireme Qualitative Narrow | requirements . . y
nts in Agile in agile generalize study different
environments companies
Operational
[54] DevOps Mixed Broad through . . P
Integration DevOps and generalize environment software
clch S deployment

5. Challenges and Limitations

Though automated quality metrics provide far-reaching advantages in streamlining the software
development lifecycle, substantial challenges and limitations are associated with their application and use.
These limitations must be considered carefully to deploy automated tools effectively without negatively
affecting a project's results [70].

1. False Positives and False Negatives:

One of the main shortcomings of automated quality assessment tools is their ability to produce false
positives and negatives. A false positive occurs when a tool mistakenly identifies a defect (or a code
anomaly) that is not present. This generates extra work and incorrectly directs human capital [71]. False
negatives similarly produce latent defects, meaning that issues remain undetected in the codebase and can be
latent contributors to failure when released into production. False positives and negatives stem from being
unable to fully understand the problem space, which is also true of automated tools that function on explicit
rules and static analysis. They are limited in methods because the code can be dynamic with custom-tailored
abstractions, even if specific variables exist. Thus, automated metrics' reliability as quality assessments is
limited by the constantly changing software development landscape and heterogeneity across projects [72].

2. Integration Complexity:

Another key problem encountered is creating automatic quality metrics (especially if they are not being
directly measured!) into an existing development environment and workflow. It usually requires extensive
customization to make automated tools compatible with an organizational architecture, coding standards,
and processes. Integrating the automated metrics may also take considerable resources (time, money, and
technical effort). Even excellent tools will not interface with legacy systems or systems based on your old
workflows. So, there is a risk that changing and integrating them will disturb current workflows and cause
processing and compatibility issues. For organizations under time constraints or with limited technical
capacity, integrating the complexity of automated quality metrics may make them reluctant to use them and
hinder innovation and improving quality-related initiatives [73].

3. Metric Overload and Cognitive Burden:
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A further key challenge relates to the possibility of metric overload. Development teams may receive more
data and performance metrics than they can handle, which may lead to analysis paralysis, or they may
misinterpret what the data is trying to tell them. When too many quality metrics are being tracked and
evaluated at once, it can obscure attempts to identify and steer attention to issues of real significance,
shifting attention away from high-priority defects to relatively minor issues. This metric overload reduces
the effectiveness of quality improvement initiatives and can lead to cognitive overload for development
teams, reducing productivity and morale. One countermeasure would be to ensure that the project team has
its complete focus on utilizing a fully automated system of metrics and a complete focus on key
performance indicators that align with the project's deliverables and intentions [74]. In summary, automated
quality metrics substantially benefit speed and accuracy in software development but must be used carefully,
considering the possible consequences. Managing the related issues mentioned above (false
positives/negatives, integration, and supporting metrics overload) is critical to realizing your benefits from
automated quality evaluation and assessment tools. Table 4 below outlines key challenges to CI/CD and
Agile, with difficulties meeting deadlines and achieving quality benchmarks. Also, the paths to mitigate
these challenges through initiatives like using automated tools, dynamic testing, and front-loaded quality
management for enhancing efficiency and software quality[75].

Table 4: Comparative Analysis of Challenges, Impacts, and Mitigation Strategies in Recent CI/CD and Agile Development

Studies
Reference o
Title Challenges Impact Mitigation Strategy
Changing requirements, .
g g- q Delays, cost overruns, and Continuous stakeholder engagement,
[28] stakeholder involvement, and . . . . .
. incomplete features iterative refinement, and backlog grooming
traceability
. . Continuous learning, leadership support,
Lack of shared understanding, Reduced code quality and . g . P SUpp
[14] . . . and fostering a technical excellence
evolving technical debt slower delivery .
mindset
[12] Coordination, resource allocation, | Misalignment, project delays, Cross-team synchronization, centralized
and team dependencies and resource bottlenecks planning, and dependency mapping
[33] Resistance to change, lack of agile Inefficiency in digital Comprehensive training, leadership
maturity transformation initiatives alignment, and fostering an agile culture
[76] Accessibility is overlooked in agile Exclusion of users with Incorporating accessibility into acceptance
projects disabilities criteria and developer training
. Prediction-based estimation model
. . Budget overruns and project . . )
[35] Inaccurate cost/time estimates delavs incorporating user stories and developer
y expertise
[29] Communication gaps, lack of Reduced productivity and Shared mental models, peer feedback, and
coordination project inefficiency adaptive leadership
- . Coordination difficulties, Al-driven tools for planning, monitoring,
[77] Complexity in large-scale agile Torp g g
slower development and risk management
L . Use of SAFe/LeSS frameworks,
Misaligned processes between Integration issues, reduced i .
[26] . collaborative workshops, and incremental
hardware and software teams efficiency delivery
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6. Future Directions

Artificial intelligence (Al) and machine learning (ML) have created a road map for automated quality
metrics in software engineering. These technologies will increasingly enable quality assurance activities
with improved accuracy, speed, and predictive power. The more complex and large software systems
become, the greater the need for intelligent, adaptive, and autonomous quality assessment tools. New
approaches to code evaluation, security assurance, and performance optimization will emerge in software
engineering. Al-based solutions will lead the way for next-generation software development [78].

6.1 Al-Powered Code Reviews

Al code review tools are an innovative change in measuring and managing code quality. These tools exploit
the availability of large data sets associated with historic codebases to learn patterns associated with defects,
inefficiencies, and poor practices. By training machine learning algorithms with relevant example code, an
Al system can learn to identify recurring issues with code and predict where development may have
vulnerabilities or logical ambiguity. This capability allows teams to leverage Al's ability to identify defects
early, shifting them from relying entirely on manual review processes and reducing the chances of making
critical errors being delivered into production [79]. Al code review systems can also provide context
recommendations, allowing for helpful developer feedback and the suggestion of best practices congruent
with their organization's coding standards [80].

6.2 Automated Security Audits

Joining Al and ML in security examination significantly advances program quality assurance. During the
dynamic advancement stage, computerized security review devices use real-time examination to identify
vulnerabilities, such as SQL injection, cross-site scripting (XSS), and buffer floods. Unlike conventional
inactive examination strategies, Al-enhanced reviews adjust to advancing risk scenes by ceaselessly
upgrading their information base through exposure to modern security designs and breach information [81].
This results in a more energetic and responsive security foundation that can distinguish novel assault vectors
and prescribe mitigative activities without human intervention. Moreover, computerized security reviews
encourage compliance with industry benchmarks by guaranteeing that code reliably follows administrative
systems, thus lessening the risk of security breaches and information compromise [82].

6.3 Intelligent Performance Monitoring

The optimization of the execution ensures the flexibility and indisputable quality of computer program
applications. Smart execution frames use Al to analyze the intelligence of customers, design application
batteries, and use real-time assets. These versatile frames can recognize execution congestion, provide future
requirements for the frame, and reallocate assets to optimize flow and feedback [83]. By learning from
customer behavior and operating measures, Al verification devices can propose changes in creating and
tweaking sending techniques to improve the overall efficiency of IT programs. This proactive approach to
execution management makes progress in meetings with customers. It amplifies the life of the IT program
platforms by predicting the discharge and minimizing the time to stop working [84].

6.4 Convergence of Al and DevOps

The convergence of Al technologies with DevOps activities will amplify the potential for automatic quality
measures. DevOps pipelines have been improved in combination with continuous integration and continuous
deployment frameworks (CI / CD), in which the automatic algorithms monitor each stage of the software
cycle, from the original code of the version to the production version [85]. This integration allows for
transparency of quality issues, the automatic decline in defect deployment, and the smart coordination of the
liberation calendar based on predictive analysis. By integrating Al into DevOps' workflow, organizations
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can reach faster distribution cycles while maintaining high code quality standards and the ability to recover
operating systems [86].

6.5 Future Implications

The future of automatic quality measures means transforming the autonomous insurance model and the self-
assessment system. This progress is continuous for software engineering, promoting innovation and profits
while reducing significant risks. While Al continues to grow, the limits of automatic quality evaluation pave
the way for more sophisticated autonomy systems capable of managing the entire software quality size. The
widespread application of quality measures focuses on who will redefine the best practices and promoting a
continuous and excellent culture in the software development industry [87].

Table 5: Comparative Analysis of Traditional vs. Al-Powered Quality Metrics

Reference "
Title Aspect Traditional QA Methods Al-Powered QA Methods
Code Review Manual, time-consuming Automated, predictive, and adaptive
[61]
Resource Optimization Static, manual allocation Dynamic, Al reallocates resources as needed
Security Audits Periodic, rule-based Continuous, real-time vulnerability detection
[63] Scalability Limited by manual effort Autonomous, scales across microservices and clusters
Compliance Monitoring Manual, checklist-based Automated compliance checks integrated into CI/CD
[55] Performance Monitoring Post-deployment, reactive Real-time, proactive performance optimization
Error Detection Relies on predefined test cases Learns from historical data and detects anomalies
[58] Reactive, based on post-release
Risk Mitigation ' Predictive, prevents issues during development
feedback
[62] Deployment Frequency Infrequent, manual approval required Frequent, Al-guided CI/CD pipelines
[54] Operational Cost High, driven by manual effort Lower, automation reduces human intervention
[20] Requirement Elicitation Manual, often incomplete Automated, NLP-based extraction
[27] Security Activities Manual integration, checklist-based Automated, integrated into the CI/CD pipeline
L — . . Al-based prediction techniques, more accurate
Cost Estimation Manual, subjective, high variance P . aues,
estimates
[35] - - — - — - -
Risk Management Reactive, post-incident analysis Predictive analytics to foresee risks
Resource Allocation Static, manually adjusted Dynamic, Al-optimized resource allocation
Scaled Agile L . Al-driven assistants for better collaboration and
[34] Coordination issues in large teams ;
Development tracking
[28] Requirements Prone to oversight, limited stakeholder Continuous feedback, adaptive to evolving
Management input requirements
- . . Automated tools and guidelines are integrated durin
[32] Accessibility Testing Often overlooked, low priority 9 g g
development
Physical Product - Al-driven tools for resource optimization and
[36] y Slower, manual coordination P

Development

synchronization
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[14] Technical Excellence Team-driven, subject to skills Al-enhanced code quality checks and refactoring
[26] Large-Scale Agile Manual coordination across teams Al-based coordination frameworks (SAFe, LeSS)
[69] Quality F({gclgu)lrements Reactive, addressed post-release Proactive, integrated during development
N Manual coordination, frequent meetings Al-assisted tools for real-time collaboration and

Team Coordination . .
[29] required tracking

Task Prioritization Manager-driven, subjective Al-driven task prioritization based on historical data

7. Conclusion

Automatic quality measures have become necessary in developing Agile software, meeting important needs
for coherent and active quality assurance. Automatic tools reduce technical debt, improve maintenance
capacity, and reduce long-term project costs by integrating errors, code analysis, and direct performance
monitoring in a fast workflow. This assessment emphasizes the importance of the primary measures, such as
the complexity of the code and the maintenance and insurance of tests, emphasizing their role in maintaining
the reliability and strength of the software. Integrating tools such as JUnit, Selenium, and JMeter in CI / CD
pipelines is more reasonable than development processes, allowing faster versions without affecting quality.
Despite this progress, challenges such as false positives, complexity of integration, and data overload still
exist, emphasizing the need to adjust AQ automatic practice continuously. The emerging trend, including
Al-centered code tests and automatic safety audits, promises guidelines for the future, improving the
accuracy and predictions of quality assessment tools.

Al convergence with DevOps and Agile methods has an important opportunity to improve software quality
while accelerating the distribution cycle. Although automatic quality measures continue to grow, their
application will play a central role in training the next generation of Agile software development to promote
innovation and ensure the recovery of software systems in an increasingly competitive landscape.
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Abstract—The necessity for effective and efficient Content- Based Image Retrieval (CBIR) systems—where
retrieval is done based on the visual content of images rather than metadata—has increased due to the exponential
expansion of digital image repositories. Conventional CBIR methods that depend on manually created features
frequently fail to capture intricate semantic links in image data, which restricts their scalability and retrieval per-
formance. Recent research has investigated deep learning-based representations and hashing methods for increased
efficiency and accuracy in order to overcome these issues. Nevertheless, a lot of current methods either need a lot
of labeled data or are unable to produce compact representations that are quick to retrieve in large-scale
environments. In this study, we offer a deep unsupervised CBIR framework that combines semantic hashing with
convolutional autoencoders. A semantic hashing mechanism is used to convert the discriminative, low-dimensional
feature embeddings that the autoencoder learns into compact binary hash codes. This makes it possible to use the
Hamming distance for an effective similarity search. Comprehensive tests on benchmark datasets like Caltech-101
and CIFAR-10 show that our method provides a scalable and efficient solution for large-scale image retrieval

problems by achieving competitive retrieval accuracy while drastically cutting down on retrieval time.
Index Terms—Content-Based Image Retrieval, Deep Autoen- coder, Semantic Hashing, Image Embedding, Binary Hash
Codes
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l. INTRODUCTION

A strong and scalable image retrieval system is urgently needed due to the
explosive growth of digital image data in fields including social networking [1],
medical diagnostics [2], surveillance [3], and e-commerce [4]. Conventional
methods for image retrieval frequently depend on textual information [5] or
human tagging [6], which are insufficient for capturing the visual semantics of
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image content and are time-consuming. For instance, if relevant images are not
appropriately tagged, a search for “red sports car” may yield erroneous results
even when the visual material is exactly what is needed. Content- Based Image
Retrieval (CBIR) [7], which retrieves images based on their visual properties
instead of written descriptions, is necessary because of this constraint.
Extracting discriminative features that represent the visual content of images is
usually the foundation of CBIR techniques. Previous efforts used hand-crafted
features like SIFT [8], texture descriptors [9], and color histograms [10].
However, these conventional descriptors frequently lack the semantic
abstraction required for intricate visual tasks and have trouble generalizing

across a variety of image datasets. Moreover, their
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Fig. 1. The deep unsupervised CBIR framework’s architecture: combining semantic hashing and convolutional autoencoder for effective
image retrieval.

restricted indexing methods and high dimensionality make them ineffective in

large-scale situations.
CBIR has been completely transformed by recent developments in deep
learning [11], especially in unsupervised representation learning [12], which
allow models to extract valuable features straight from unprocessed pixel input.
As a subclass of unsupervised neural networks, autoencoders [13] have proven
to be highly effective at learning condensed, informative image encodings.
Nevertheless, autoencoders do not automatically optimize continuous-valued
embeddings for effective retrieval in big databases. In order to get around this,
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semantic hashing [14] has become a useful method for mapping high-
dimensional characteristics into compact binary hash codes, which allows for
quick Hamming distance similarity searches. However, many hashing-based
CBIR systems currently in use are either not encoder-end optimized [15], suffer
from quantization losses during binary conversion [16], or rely on supervised
learning [17], which necessitates large annotated datasets.

Therefore, we suggest an unsupervised deep CBIR frame- work (see Fig. 1) that
combines semantic hashing and convolutional autoencoders in order to
overcome these difficulties. The suggested method achieves low search latency
and good retrieval accuracy by learning compact latent representations and
converting them into binary hash codes end-to-end. In summary, the following
are our primary contributions:

- We create an architecture for a deep convolutional autoencoder that can learn low-dimensional,
robust feature embeddings from images without supervision.

- In order to facilitate effective retrieval using Hamming distance, we present a semantic hashing
technique that creates binary hash codes using learned embeddings.

- In order to minimize binarization error and maintain semantic structure, we simultaneously optimize
the quantization and reconstruction losses.

- We carry out comprehensive tests on common image datasets (Caltech-101 and CIFAR-10), showing
that our methodology outperforms current methods in terms of speed and retrieval accuracy.

. RELATED WORK

Over the past 20 years, CBIR systems have been the subject of much research,
with the main goal being to retrieve visually similar images from massive
datasets using content rather than metadata. Hand-crafted feature descriptors
like color histograms [10], SIFT [8], and Gabor filters [18] were the main
emphasis of classical CBIR methods [8], [19]. Although these features work
well in some situations, their robustness and generalizability in real-world
situations are limited because they are frequently susceptible to changes in
light, image noise, and geometric modifications. CBIR has significantly im-
proved since the introduction of deep learning, especially Con- volutional
Neural Networks (CNNs) [11]. From unprocessed image input, CNN-based
models can directly learn hierarchical and semantically rich representations. By
training networks to embed semantically comparable images closer in the
feature space, notable studies like Deep Ranking [20] and Deep Metric Learning
[21] have shown higher retrieval performance. These models perform noticeably
better than conventional methods in terms of generalization and accuracy. In
order to build compact feature representations without the use of labeled data,
autoencoders—a kind of unsupervised neural network [13] —have also been
investigated in CBIR. Autoencoders capture important information in a lower-
dimensional latent space by reducing reconstruction loss. For visual feature
extraction tasks, variants like convolutional autoencoders [22] and de- noising
autoencoders [23] are appropriate since they better preserve spatial hierarchies
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and are more resilient to noise. Semantic hashing [14] is a method that converts
continuous- valued feature vectors into compact binary hash codes to facilitate
scalability and effective retrieval. These hash codes greatly reduce storage
requirements while enabling quick retrieval utilizing Hamming distance [14].
There have been proposals for both supervised and unsupervised deep hashing
methods, with supervised methods using label information to direct code
development. But because it is hard to maintain semantic similarity without
supervision, unsupervised deep hashing is still a tough and active study subject
[16]. By combining a semantic hashing method and convolutional autoencoders
into a single, unsupervised framework, our study expands on these foundations.

Il. METHODOLOGY

A convolutional autoencoder for unsupervised feature learning, a semantic
hashing layer that converts latent features into compact binary codes, and a
Hamming distance-based similarity retrieval module for quick and scalable
search are the three main parts of the suggested CBIR framework. In Algorithm

1, the full overview is displayed.

A. Convolutional Autoencoder

Let X = {x1,X2,...,Xn} C RE*W *C denote a collection of n input images,

each of spatial dimension H X W with C channels. A convolutional autoencoder
is employed to learn a

low-dimensional representation of each image. It consists of two parts: an
encoder E and a decoder D. The encoder maps an input image x; to a latent

representation z; € R4 as shown in Equation (1) and the decoder attempts to
reconstruct the

original image from the latent vector via Equation (2).
z: = E(x)) (1)

%: = D(z) 2)

To ensure that the learned embeddings retain sufficient information, we
minimize the mean squared reconstruction error over the dataset according to
Equation (3).

3) Lt T [IX, - X

Algorithm 1 Deep Feature Embedding for CBIR using Autoencoder and
Semantic Hashing
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Require: Image dataset X = {x1, ..., X»}, embedding di- mension d, hash

length k, learning rate n, trade-off parameter A
Ensure: Binary hash codes {hy,..., h:}

1: Initialize encoder E, decoder D, and hashing parameters W, b

2: for each training epoch do
3: for each image x;: € X do

4: zi — E(xi) > Encode inputimage

> Reconstruct image & y: — tanh(W z; + b) 58 — D(zi)
> > Hash projection = h; — sign(y:)
Binarization step & Compute reconstruction 10ss: Liec — xi — £ ¢ °

o« Compute quantization 10ss: Lgyan (i —tanh(z)
10. Compute total loss: L < L + Alguant

11: Update network parameters using gradient descent with learning rate n
12: end for

13: end for

14: return Binary hash codes {hy,..., h,} for all training images

This loss enforces the encoder to produce informative and compact features that
allow accurate reconstruction.

B. Semantic Hashing

To facilitate fast similarity search, we append a hashing layer to the encoder,

transforming continuous latent features into binary hash codes h; € {0, 1}~

o First, the encoder output
is linearly transformed and passed through a tanh activation
via Equation (4).

yi = tanh(Wz; + b) (4)

where W € RF*d and b € Rk are learnable parameters. The output y; is then
binarized using the sign function according to Equation (5).

hi = sign(yi) = sign(tanh(W z: + b)) (5)

However, the non-differentiability of the sign function com- plicates training.
To mitigate this, we adopt a relaxation and introduce a quantization loss that
penalizes the deviation of y; from its binarized counterpart as shown in
Equation (6).

(6) Lowen=21= 1 [|h; — tanh(z;) 13
This loss encourages the real-valued outputs to be close to
{—1, +1}, reducing the quantization gap.

C. Objective Function
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The total objective function is a weighted combination of the reconstruction and
quantization losses as shown in Equation (7).

L =L+ }\Lquant (7)
where A > 0 is a regularization parameter that balances the trade-off between
reconstruction fidelity and the quality of the binary hash codes. During
retrieval, binary hash codes
{h} are generated for all database images, and similarity is computed using the
Hamming distance between the query hash
and those in the database. This approach ensures both high retrieval accuracy
and low computational complexity.

V. EXPERIMENTAL SETUP
A. Datasets

We test the suggested CBIR framework on two benchmark image datasets,
Caltech-101 [24] and CIFAR-10 [25], to evaluate its performance. The 60,000

color images in CIFAR-10, which have a resolution of 32 X 32 pixels, are
uniformly distributed across 10 different classes, including cars, birds,

and airplanes. 9,146 photos from 101 object categories make up Caltech-101,
which shows more intra-class heterogeneity and complexity in terms of look,
scale, and shape. Before being entered into the model, every image from both
datasets

Is normalized to the [0, 1] range and shrunk to 32 X 32 pixels for uniformity.

B. Implementation Details

The deep convolutional autoencoder is used to implement the suggested
architecture. Three convolutional layers make up the encoder, which is followed
by a dense layer that is fully connected and produces the latent representation.
Transposed convolutional layers make up the decoder, which uses the latent
vector to recreate the input image. The encoder is supplemented with a hashing

layer to generate binary hash codes with lengths k € {16, 32, 64} [26], [27].
The Adam optimizer is used to train the entire network at a preset learning

rate of 1 X 1074. A mini-batch size of 128 is used to train the model over 100
epochs. Using the previously described total objective function, the
reconstruction loss and quantization loss are jointly reduced during training[28],

[29]. In Algorithm 2, the full overview is displayed.

C. Evaluation Metrics

Three common retrieval metrics—Mean Average Precision (mMAP),
Precision@K, and Retrieval Time (RT)—are used to assess our CBIR system.
Mean Average Precision calculates the mean for all queries and measures the
average precision for each query across several recall levels. Precision@K

gives information about how well the model ranks pertinent things by
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calculating the percentage of relevant images among the top-K retrieved
results. Retrieval Time, which provides
an indicator of the system’s scalability and real-time

Algorithm 2 Training Procedure for Deep Autoencoder with Semantic Hashing

Require: Dataset X = {x1, X2, ..., Xn}, batch size B, learn- ing rate n = 1

X 1074, number of epochs E = 100, hash code lengths k € {16, 32, 64},

regularization parameter A.

Ensure: Trained encoder E, decoder D, and hashing Iayﬁr
parameters W, b.

1. Initialize network parameters of encoder E, decoder D, and hashing layer
(W, b) randomly.
2. Initialize Adam optimizer with learning rate n.

3: for epoch =1 to E do
4: for each mini-batch B = {x;,,...,Xxi,} C X do

5: FORWARD PASS:

6: Encode inputs:
z;= E(Xij) forj=1,...,B.

7: Decode latent vectors: ﬁgj = D{Zgj:]
s Compute continuous hash layer outputs:
yi = tanh(Wz; + b).
9: Binarize hash codes:
h; = sign(yi).

10: Compute losses:
11: Reconstruction loss:

Li L

1 e
I—rec:E 1-5:1 ”X _X

|2
2

12: Quantization loss:

2
1l <5
Lo 22, [, 3|
13: Total loss:
L = Lrec + }\Lquant
14:Backward pass: Compute gradients of L w.r.t. network parameters.
15: Update parameters using Adam optimizer.
16: end for
17.0ptionally evaluate model performance on validation set.
18: end for
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19: return Trained encoder E, decoder D, and hashing layer parameters (W, b).

Is measured as the average number of milliseconds needed to retrieve results for
a specific query.

V. EXPERIMENTAL ANALYSIS
VI. RETRIEVAL PERFORMANCE

MAP, Precision@100, and RT are used to assess the suggested CBIR
framework’s retrieval performance across various code lengths and datasets as
shown in Table I. The findings show a distinct pattern suggesting that retrieval
accuracy is improved by lengthening the hash code, although at a slight
computational expense. Using a 16-bit hash code on the CIFAR-10 dataset
results in an average retrieval time of 1.7 milliseconds per query, a mAP of
0.612, and a Precision@100 of 0.594. With a mAP of 0.667 and a
Precision@100 of 0.631, increasing the code length to 32 bits yields a
significant gain with only a minor increase in retrieval time (to 1.8 millisec-
onds). This implies that more discriminative semantic features are captured by
the 32-bit representation without appreciably sacrificing computational
efficiency. The effectiveness of longer binary codes in lowering collisions in
Hamming space and enhancing the accuracy of recovered data is demonstrated
by the CIFAR-10 performance boost from 16 to 32 bits. The trend continues on
the Caltech-101 dataset, where the 32-bit code achieves a Precision@100 of
0.685 and a mAP of 0.708 at 2.1 milliseconds per query. The 64-bit code
exhibits the best performance, with a mAP of 0.742 and an improvement in
Precision@100 to 0.714. Even with a minor increase to 2.3 milliseconds, the
retrieval time is still within reasonable ranges for real-time applications. Given
the Caltech-101 dataset’s greater diversity and complexity, lengthier hash
codes—which enable finer-grained recording of visual features—probably work
better. These findings highlight the suggested hashing framework’s scalability
and resilience, especially for datasets with significant inter-class heterogeneity.

TABLE |

RETRIEVAL PERFORMANCE ACROSS DIFFERENT CODE LENGTHS AND DATASETS.

Dataset Code Length | mAP | Precision@100 | RT (ms)

CIFAR-1I0 16 0.612 0.594 17
CIFAR-10 32 0.667 0.631 18
Caltech-101 32 0.708 0.685 21
Caltech-101 64 0.742 0.714 2.3
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A.  Cross-Domain Performance

We performed a cross-domain retrieval experiment, where the model is trained
on one dataset and tested on another, to assess the generalizability of the
suggested CBIR framework [31]. The performance of the model trained on
CIFAR-10 and assessed on Caltech-101 is summarized in Table II, and vice
versa. Understanding the robustness and adaptability of the learnt
representations in real-world situations where domain shifts are frequent
requires this evaluation setting [32]. The model achieves a mean average
precision (MAP) of 0.534 and a Precision@100 of 0.508 when evaluated on
Caltech-101 after being trained on CIFAR-10. According to these findings, the
autoencoder effectively captures transferable qualities that are not exclusively
related to the training domain, indicating a considerable degree of
generalization. However, training on Caltech-101 and testing on CIFAR-10
yields slightly lower Precision@2100 (0.473) and mAP (0.497). The increasing
complexity and fine-grained categorization found in Caltech- 101 may cause
overfitting to more specialized patterns that may not transfer well to the
comparatively simpler object categories in CIFAR-10, which is why
performance has de- creased. The model retains a respectable retrieval
accuracy in spite of the intrinsic domain mismatch between the two datasets—
Caltech-101, which contains higher-resolution, more varied item categories, and
CIFAR-10, which consists of low- resolution natural images. These findings
highlight how well autoencoders and semantic hashing work together to learn
concise yet semantically significant features that are quite resistant to shifts in

the distribution of data [33].

TABLE Il

CROSS-DOMAIN RETRIEVAL PERFORMANCE WHEN TRAINING AND TESTING ARE PERFORMED ON DIFFERENT DATASETS.

Train Dataset [Test Dataset |[mAP  [Precision@100
CIFAR-10 Caltech-101 0534~ |0.508
Caltech-101 CIFAR-10 0.497 0.473

B. Computational Performance

We compare the Training Time (TT) and Inference Time (IT) for different
binary code lengths in order to evaluate the computational effectiveness of
our suggested system. The computational performance is summarized in Table
I11 as average inference time per query and average training time per epoch. As
can be seen, the length of the binary code causes a slight increase in training
time [34]. The training time for 16- bit codes is about 12.4 seconds per epoch,
while for 32-bit and 64-bit codes it is 13.2 and 14.5 seconds, respectively.
Because of the hashing layer’s increasing complexity and parameter size, this
incremental expense is to be expected. However, overall training is still
effective and appropriate for large-scale image collections. All configurations

52



maintain an incredibly short inference time, which is crucial for real-time
retrieval applications [35]. In particular, 16-bit codes can execute a single
query in 1.7 milliseconds, whereas 64-bit codes slightly increase processing
time to 2.3 milliseconds. Even in massive image repositories, sub-linear search
performance is made possible by the extremely scalable retrieval process made
possible by the use of Hamming distance for similarity computation [36]. These
outcomes demonstrate the effectiveness and computational viability of the
suggested deep feature embedding and semantic hashing architecture. The
framework is suitable for offline indexing and real-time retrieval systems due to
its low inference latency and short training period. As a result, the approach
shows a good trade-off between retrieval accuracy and computational cost,

which strengthens its suitability for actual CBIR situations.

TABLE Il

COMPUTATIONAL PERFORMANCE OF THE PROPOSED METHOD ACROSS  DIFFERENT CODE LENGTHS.

Code Length [TT (per epoch, sec) [IT (per query, ms)
16 bits 124 17

32 bits 132 18
64 bits 145 23
C. Zero and Few-Shot Performance

Using the CIFAR-10 dataset, we analyze our framework’s performance under
zero-shot and few-shot learning situations to assess its flexibility in low-
resource settings. Table IV shows the retrieval accuracy when the model is fine-
tuned using a small number of samples per class (few-shot) and when it is
exposed to completely unseen classes (zero-shot). The approach achieves a
mean average precision (mAP) of 0.384 and a Precision@100 of 0.362 in the
zero-shot setting, where the model is assessed on categories that were not seen
during training [37]. The durability of the learnt embeddings is demonstrated by
the model’s ability to extract semantically significant features that partially
generalize to new classes, despite the performance decline when compared to
fully super- vised circumstances. The model shows notable improvements under
few-shot settings, when only a few labeled instances per class are employed for
fine-tuning [38]. Precision@100 rises to 0.497 and mAP to 0.522 with only 5
samples per class. The retrieval accuracy increases to a mAP of 0.576 and
Precision@100 of 0.553 when the number of support examples is doubled to 10
per class. This consistent increase shows that the feature space acquired
through semantic hashing and autoencoding is quite flexible and can be used
even with little supervision. These results support the suggested method’s
capacity for generalization [39]. The model is a good contender for real-world
CBIR applications where labeled data is frequently scarce or costly to acquire,

even in situations with sparse annotated data [40].
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TABLE IV

RETRIEVAL PERFORMANCE UNDER ZERO-SHOT AND FEW-SHOT SETTINGS ON CIFAR-10.

Setting mAP Precision@100
Zero-Shot (unseen classes) 0.384 0.362
Few-Shot (5 samples per class) 0.522 0.497
Few-Shot (10 samples per class) | 0.576 0.553
VII. ABLATION STUDY

We conduct an ablation study using the CIFAR-10 and Caltech-101 datasets in
order to fully assess the contributions of the suggested components. The mean
average precision (mAP) findings for the three variations—the autoencoder
without hashing, the autoencoder with random hashing, and the suggested
framework incorporating semantic hashing—are shown in Table V. The
autoencoder alone obtains a baseline mAP of 0.573 on CIFAR-10, proving that
learnt latent representations are successful. The performance drops to 0.529
when random hashing is added, demonstrating how feature discriminability can
be harmed by ignorant binarization. Optimized binary embeddings improve
semantic preservation and retrieval efficiency, as demonstrated by the entire
model with semantic hashing, which dramatically increases retrieval accuracy to
0.667. Similarly, the autoencoder alone achieves a mAP of 0.682 on the
Caltech-101 dataset, which has a higher category diversity. Once further
demonstrating the negative impact of na"ive hashing, the random hashing
variation lowers the mAP to 0.648. With the greatest mAP of 0.742, the
suggested method demonstrates the scalability and resilience of our semantic
hashing technique across a variety of image collections. These findings confirm
that the suggested joint optimization successfully strikes a compromise between
reconstruction fidelity and quantization quality across a variety of datasets,
and that semantic hashing is essential for preserving retrieval speed while

permitting effective binary coding.

TABLE V

ABLATION STUDY COMPARING RETRIEVAL PERFORMANCE (MAP) OF  DIFFERENT MODEL VARIANTS ON CIFAR-10 AND CALTECH-101 DATASETS.

ariant CIFAR-10 mAP| Caltech-101 mAP
IAutoencoder only (no hashing) 0573 0.682
lAutoencoder + Random Hashing 0.529 0.648
VIII. CONCLUSION AND FUTURE WORK Proposed Autoencoder + Semantic Hashing 0.667 0.742

In order to train compact and discriminative binary im- age representations, we
presented a novel framework for content-based image retrieval in this paper that
combines semantic hashing and convolutional autoencoders. Our method
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efficiently strikes a balance between quantization loss and reconstruction
fidelity, allowing for successful retrieval with minimal computing expense. The
suggested solution outperformed baseline approaches in extensive trials on the
CIFAR- 10 and Caltech-101 datasets, attaining competitive retrieval accuracy

while drastically cutting down on search time through binary hashing.

To improve the framework even more, a number of avenues for future research
might be investigated. First, the learned hash codes’ semantic alignment may be
enhanced by implementing supervised or semi-supervised learning techniques.
Second, richer feature representations could be obtained by expanding the
model to take use of more intricate network topologies, including variational or
adversarial autoencoders. Third, the method’s applicability could be expanded
by look- ing into multi-modal retrieval scenarios involving textual or other
auxiliary data. Lastly, expanding the system to manage incredibly big image
repositories and assessing how well it performs in actual deployment settings

continue to be exciting research directions.
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ABSTRACT

Due to rapid human-to-human transmission, coronavirus illness has become a global
epidemic. It can lead to neurological, cardiovascular, and pulmonary conditions that range
from moderate to fatal. To reduce mortality, the current study aimed to determine whether
high levels of D-dimer and CRP indicate a poor prognosis in COVID-19 progression. This
study aims to investigate the potential presence of distinct ranges for D-dimer and serum
CRP levels in patients who are eligible for COVID-19 registration and to explore any
differences between these ranges. This study aims to gain insight into how individuals with a
positive COVID-19 diagnosis may exhibit varying levels of both D-dimer and serum CRP, and
how these differences may differ across different age groups of males and females. (Fowler,
S., 2014). This study included more than 100 patients with confirmed COVID-19 infections.
According to our research, age and CRP showed a positive association with a significant p-
value of 0.000. However, the association with CRP had a significant p-value of 0.02.
CRP enjoyed a positive association, according to our research, with a substantial p-value of
0.000. However, with a p-value of 0.02, the data indicate an insignificant positive connection
between age and D-dimer. (Fowler, S., 2014).

Gender has no impact on D-dimer readings in the study's samples, as demonstrated by a
substantial inverse association between gender and D-dimer, indicating that sex has a
minimal effect on CRP levels. (Fowler, S., 2014).

KEYWORDS: D-Dimer Level, Gender, Covid-19, C-reactive protein.

INTRODUCTION

A new coronavirus disease, COVID-19, emerged in late 2019 and triggered a global
pandemic. (Rostami, M, Mansouritorghabeh, H, 2020), (Fowler, S. 2014). Some patients
might develop multi-organ failure, severe breathing problems, or they might die suddenly
because of the disease (Rostami, M, Mansouritorghabeh, H, 2020). (Fowler, S. 2014). The
stimulation of the coagulation system and the inflammatory response is one of the
distinctive features of COVID-19, and it may result in coagulation challenges and organ
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damage (WHO, 2019). D-dimer and CRP constitute two markers that indicate these
processes (Zhang, Yan, and Fan, 2020; Milowitz, Kunichoff, and Garshick, 2021).

D-dimer is the result of the disintegration of connected fibrin, which is produced during
blood coagulation. Thus, increased D-dimer levels were indicative of increased thrombin
and fibrinolysis production, leading to an increased probability of arterial and venous
embolism (Hai-Han Yu et al., 2020). Based on multiple studies, D-dimer levels are correlated
with disease severity and mortality in individuals with COVID-19, and these levels are higher
in these patients than in those with other viral infections or in healthy controls (Rostami and
Mansouritorghabeh 2020). According to Lippi and Mattiuzzi (2020), Tang, N.; Li, D.; Wang,
X.; Sun, Z. (2014). 17 studies were put together into a meta-analysis that discovered the
combined sensitivity and specificity of D-dimer to predict deaths in COV-19 patients were
between 85% and 67%, respectively (Lippi and Mattiuzzi 2020A level above 0.5 g/ml was
usually suggestive of a poor outcome (Zhang, Yan, and Fan 2020; Hai-Han Yu 1, Chuan Qin 1,
Man Chen 1, Wei Wang 1, Dai-Shi Tian 2020; Fien, von, and Sebastian 2021); however,
Depending on the study's results, multiple limits were applied to determine the greatest
effective D-dimer separating value. (Olson et al. 2013).

In response to a disease or irritation, the liver produces CRP, a protein associated with the
acute phase (Smilowitz, Kunichoff, and Garshick, 2021; Stringer, Braude, and Myint, 2021).
CRP contains the capacity to control immune cell production of cytokines, connect to
pathogens and help in their clearance, and activate the system known as complement
(Smilowitz, Kunichoff, and Garshick, 2021; Stringer D, Braude, and Myint PK, 2021; Fowler,
S., 2014). A higher risk of heart disease, also that diseases, and mortality have been linked to
elevated levels of CRP, which indicate systemic inflammation (Nathaniel R Smilowitz, Dennis
Kunichoff, Michael Garshick, Binita Shah, Michael Pillinger, Judith S Hochman, Jeffrey S
Berger. Jun 2021), (Liu F, Li L, Xu M, et al. 2020). According to other studies, CRP levels
correspond with illness duration and death in COV-19 patients and are higher in healthy
controls and patients with other viral infections (Smilowitz, Kunichoff, & Garshick., 2021), (Li
Y, Wang M, Zhou Y, et al. 2020), (Sharma R, Agarwal M, Gupta M, Somendra S, Saxena SK.
Published 2020 Apr 30.).

Several contradictory studies were published on the blood group relation with
COVID-19 (Roediger, H., Nestojko, J., Smith, N., 2019), (Fowler, S., 2014). They found that
those with blood type O are less vulnerable to COVID-19 infection than those with non-O
blood group (Roediger, H., Nestojko, J., Smith, N., 2019; Fowler, S., 2014).

In the present study, we investigated the possibility that higher D-dimer and CRP
levels may serve as predictive signals for the progression of COVID-19 toward more severe
outcomes. Furthermore, we attempted to examine the differences in these levels between
males and females (Vahidy et al., 2021) and between age groups (Zhang et al., 2020; Fowler,
2014). We aim to contribute to the development of effective methods for reducing COVID-
19-related fatalities by understanding the relationship between these biomarkers and the
progression of the illness (Fowler, S., 2014).

To achieve these goals, we utilized a sample of over one hundred patients who tested
positive for COVID-19 to conduct a comprehensive analysis. To provide light on the purpose
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of these biomarkers in the course of disease, we sought any noteworthy correlations between
D-dimer and CRP levels and age. Furthermore, to examine any differences in COVID-19
disease between genders, we analyzed gender-based differences in these biomarker levels.

The relationship between age, D-dimer, and disease progression in COVID-19
patients could assist doctors and nurses in making informed decisions regarding patient care
and treatment. Additionally, it may provide valuable insights into the underlying causes of
the disease and suggest potential therapeutic options. 2014; Fowler, S.

METHODS AND MATERIALS

All patients who were admitted to the hospital for COVID-19 (CRP) and D-dimer level
checks were included in this study. (Fowler, S., 2014)-.The following software was used to
analyze these data: SPSS version 26.0, Microsoft Excel for 2019, and an analysis of variance
(ANOVA) table. (Ali, Y., et al.,, 2022). The study design and participants were based at the
Vin Hospital & Medical Complex in Duhok City, which served as the site of this retrospective
investigation. Patients with the COVID-19 infection ranged in age from 7 to 89 years old.
Following the WHOQ's interim recommendations, they underwent testing at an on-site
clinical laboratory, where RNA detection using SARS-CoV-2 was employed to verify the
results. Everyone who was brought to the hospital for admission to have their COVID-19, C-
reactive proteins, and D-dimer levels checked participated in this study between February
4th, 2020, and July 24th, 2020, five days later, and an official result (dead or discharged)
(Fowler, S. 2014). 107 patients remain after patients with data that was missing were
excluded. The Vin Hospital, as well as the Medical Complex's Scientific Ethics Commission,
provided approval for the study and waived the requirement for informed consent.

DATA ANALYSIS

Participation in this study was open to all patients hospitalized for testing for COVID-
19, C-reactive protein, and D-dimer. For data analysis, we use the software Excel 2019,
ANOVA tables, and SPSS version 26.0. (Ali, Y., et al.,, 2022):

RESULTS

Increasing levels of CRP have been correlated with nosocomial illnesses in COVID-19
patients who did not fully recover, according to reports. (Li Y, Wang M, Zhou Y, et al., 2020).
Elevated levels of CRP, possibly a diagnostic for inflammation and a strong indicator of the
severity of illness in COVID-19 infections (Zhang, Yan, & Fan, 2020) There have also been
reports of elevated CRP levels in older people. (Roediger, H., Nestojko, J., Smith, N. S.,
2019).

The data analysis reveals how D-Dimer and CRP, two independent factors, affect the
dependent variable, age. Additionally, as shown in Tables 1 and 2, the analysis using ANOVA
reveals that these variables account for 14.4% of the variation in age, with an R-squared
value of 0.144. However, the data in Table 3 demonstrates the relationship between each of
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the variables. (Ali, Y., et al.,, 2022)- (Fowler, S., 2014).. The association between CRP and age
was shown to have a p-value of 0.000 and a statistically significant coefficient of 0.377. The
result demonstrates a significant relationship between the amount of CRP and age..
Additionally, the association between age and D-dimer levels is shown in Table 4. The
correlational analysis yielded a significant correlation coefficient of 0.293 and a Pearson's
correlation coefficient of 0.002. (Fowler, S., 2014). This suggests that age and D-Dimer levels
have a moderate relationship. The correlation analysis has found a p-value of 0.002, and a
statistically significant correlation coefficient of 0.293 was highlighted, while these
associations were statistically significant at the strong level (0.01) for (2-tailed).

Table 1: Model Summary

Model Summary ®

Adjusted R Std. Error of the
Model R R Square Square Estimate Durbin-VWatson

1 379° 144 27 17.864 2.123

a. Predictors: (Constant), D-Dimer, C-Reactive Protein

b. Dependent Variable: Age

Table (2)- ANOVA

Model Sum of Squares DI Mean Square F Sig.
1 Regression 5510.052 2 2755.026 8.633 .00Qe
Residual 32570.626 103 319.134
Total 38380.677 105

ﬁableS. Correlation between variables

Correlations

C-Reactive
Age Protien
Age Pearson Correlation 1 37T
Sig. (2-tailed) 000
N 106 108
C-Reactive Protien  Pearson Correlation 377 1
Sig. (2-tailed) .000
N 106 1086

**. Correlation is significant at the 0.01 level (2-tailed).
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Table 4. Relation between D-Dimer value and age of the patients

Correlations
Age D-Dimer
Age Pearson Correlation 1 293"
Sig. (2-tailed) 002
N 106 106
D-Dimer Pearson Correlation 293~ 1
Sig. (2-tailed) 002
N 106 106

*=_ Correlation is significant at the 0.01 level (2-tailed).

Also, Figures (1) and (2) probably provide the graphical representations of the age
correlations of D-Dimer and CRP, respectively. These graphs could offer a visual
representation of the connections identified in the data.

Fig.1 AGE VS CRP
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. Fig.2 AGE VS CRP
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These results indicate strong correlations among age, D-Dimer, and CRP, suggesting that
these biomarkers may be related to the aging process or diseases associated with aging.

DISCUSSION

The goal of this study is to determine whether elevated levels of CRP and D-dimer
can be used to predict the progression of COVID-19. We aimed to provide insights that could
help reduce disease-related deaths by examining the relationships between these indicators
and age and gender. The outcomes of this study can contribute to the growing body of
knowledge about the pathogenesis of COVID-19. (Sharma R, Agarwal M, Gupta M,
Somendra S, Saxena SK., Published 2020 Apr 30.) And support the creation of focused
interventions intended to minimize its effects. Our findings underscore the significance of
monitoring CRP and D-Dimer levels in COVID-19 patients. The study found that gender had
no influence on D-dimer or CRP measurements in the samples used. (Vahidy FS, Pan AP,
Ahnstedt H, et al., 2021) This means that, regardless of gender, such biomarkers may be
helpful predictors of disease progression and treatment success.

Amplified CRP levels have been connected with severe illness and unfavorable
outcomes in COVID-19 patients. We can also say that it is an indication of inflammation
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(Smilowitz, Kunichoff, & Garshick., 2021). Conversely, increased D-Dimer levels may suggest
a heightened risk of coagulation or blood clots, which are frequent COV-19 consequences
(Stringer D, Braude , & Myint PK, , 2021).

Although D-dimer and CRP levels are not unique to COVID-19 and may increase in
other cases, monitoring these biomarkers can nevertheless yield significant insights into the
disease's development and treatment efficacy. Continuously monitoring these signs can
help healthcare providers make informed decisions about patient care and management.
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APPENDIX
Table (3)
Descriptive Statistics
Mean Std. Deviation N
Age 47.86 19.119 106
C-Reactive Protien 30.408 52,9233 106
| Table (4)
Correlations
D-Dimer Gender
D-Dimer Pearson 1 -.026
Correlation
Sig. (2-tailed) 794
N 106 106
Gender Pearson -.026 1
Correlation

Sig. (2-tailed)  .794
N 106 106
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Table (5)

Descriptive Statistics

Mean Std. Deviation N
Age 47.86 19.119 106
D-Dimer 769.58 1591.523 106
[+]
TABLE -6- Coefficients|
“m(Ctrl) ~
Unstandardized Standardized
Coefficients Coefficients
Std.
Model B Error Beta t Sig.
1 (Constant) 43.634 2.013 21.675 .000
C-Reactive .122 046 338 2.638 010
Protein
D-Dimer .001 .002 055 432 667

a. Dependent Variable: Age
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Table (7)

Descriptive Statistics

Mean Std. Deviation N
Age 47.86 19.119 106
C-Reactive Protien 30.408 52.9233 106
Chart (1)
Histogram

Dependent Variable: Age

Regression Standardized Residual
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ABSTRACT:

This paper discusses the homotopy analytical approach for solving system of nonlinear partially
differentials equations for prey-predator problems to obtain semi-analytical solutions that are as close
as possible to the exact solution and to compute a maximum absolute error and a mean square error,
with the inclusion of some figures that illustrate the solution for the prey-predator system.

Keywords: Homotopy Analysis Method, ordinary differential equations, Prey-predator model, mean

square error.

1.Introduction:

One of the biological problems is the prey-predator model[1], which is an important natural
phenomenon for studying changes in the numbers of prey and predators[2]. This mathematical model
is one of the important models that has occupied an important space in studies and research because it
is one of the issues for which accurate solutions can be found, as well as numerical, analytical and
semi-analytical solutions. In this research, we will study the homotopy analysis technique [3], which
is an effective approach for analyzing[4], solving, and discussing the nonlinear models[5],[6] of the

following equations:

du - u
5 = &1Au+ru (1 — ;) — pvh(ku)

(1)
? = §,Av+ gvh(ku) — sv

—=
With the conditions of initial:

ulx,0) =uy, v(x,0)=1v, (2)

where u(x, t) and v(x t) are the community of prey-predator at time (t), and vector position E.[ Alis

the Laplacian operator in d = 3 space dimension, and the parameters &;,8;,r, w,p, k,q,h and s are

positive values. and the use of the homotopic analytical method to analyze a nonlinear system of prey-

predator partial differential equations is an ideal method for this type of nonlinear systems[7], which
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has received great attention from researchers who contributed to its development[8],[9], as this
method is considered a semi-analytical method, as it depends on the principle of symmetry, and it is
also an expansion approach that is irrespective of all coefficients, regardless of their magnitude,
making it a suitable option for solving linear equations. and nonlinear differential equations, as this
method can freely choose the appropriate basic functions to easily approximate nonlinear differential
equations[10], which makes the solution sequential and convergent. Researchers have used this
method to solve the problems of the prey-predator system, which we will study in this research and
present in detail.

2.Basic idea:

We introduce some basic concepts.

2.1.Maximum Absolute Error[11]:

MAE is known as:

”uExar_'t - .Iu'n(x}”uc = maxrzﬁxib{luExar_'t - .Iu'n(x}l}
Where ugya.: is the analytical solution and up(x)is the approximate solution

2.2.Mean Square Error[11]:

MSE is known because of total of the squared differences between the actual answer. and the
approximation solution for vector (i), where [i = 1, 2] divided by the number of points utilized (A). Its
formula is expressed as follows:

E ?;1(1[51&:1 (.‘X.':} - !-’l(x:'}}z
A

3.Basic notion of HAM[3]:

MS5E =

Given that we have the equation that follows:

N[z(t)] =0,t =0 (3

where (N) denotes a nonlinear ingredient, z(t) represents an unidentified function, and (t) signifies a
standalone variable, etc. As clarity, we leave out limitations or starting points that can be dealt with in
the same way. Lian adds to the typical homotopy approach to get a zero-order deformation, creating a

mathematical formulation

(1 — @)Ly (t: ) — 2o ()] = ghH{EN[Y(t; )] (4)

where g € [0, 1] is the embedding parameter, h is a non-zero auxiliary parameter, H represents a
supporting function, L is a supporting linear operator, z(t) is an initial estimate of z(t), and yi(; )
is an unknown function, respectively.
By utilizing the approach known as homotopy analysis to tackle the prey-predator problem, we derive
results for [g=0] and [g=1]:

Wit 0) =z5(t) Wt 1) =27y (0) (5)
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in that order. Thus, when q rises from 0 to 1, the function 4(%; g) evolves from the initial estimate

zy (1) to the solution z(t). By enlarging ¥ (t; g) into a Taylor series concerning g, we derive:

VD =20+ ) za®)a™ ©
m=1
Where
1 a™y(t;q)
Zm(t} = Eﬂq—m[ g=0 (7)

If we choose the supporting linear worker, initial suppose helping parameter h, and extra function
effectively; sequence (6) convergence occurs to g = 1, we getting:

+ oo

2(6) = w(t; 1) = 2o (1) + Z 2 (£) (8)

m=1
A single answer of the original nonlinear equation, as established by Lian, is given by h=-1 & H(t)=1.
In turn, equation (4) brings it down to:
(1 — LWt q) — zo ()] + N[yt )] = 0
This employs the homotopy analytical approach, resulting to a directly answer minus the need for a
Taylor series. The meaning (7) argues how the zero-order deform equation can be used to get the
control equation. subsequently, by identifying the vector.
Zp=1{zo(t), 2, (£), 22(2), ..., 2, (8D} (9)
We produce the m*th — order deformity computation by doing a zero-order deformity formula (4),

for a total on [m] times an about regard to a data factor q and then assigning g=0 & segmenting (m!).

L[Zm(t} - szm—l(t}] = hH(t} Rm(Em—l(t}} (1{]}
Where:

> 1 @™ N[t q)
Rm{zm—lit}} = (ﬂ‘l _ 'l:]l! aqE::L'—l 3 ]

| a=0 (11)

And

0, m=1
K”"_{L m>=1"

It's necessary to note that z,,,(t) over{ m = 1,2,..} is controlled using a linear formula (10), which

has linear limit parts arising at original issues that can be easily fixed using computer software like

Maple.

4.Application:
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By applying [HAM] the system (1) with initial conditions (2), we assume that the solution of system

(1), u(x, t) and v(x,t) can be expressed by following a set of base functions:

{tmm=0123 ...} (12)

in the following form:
+oo +o2

ulx, t) = Z Uy (x,t)g™ ,vix t) = Z v, (x, t)g™ (13)
m=1 m=1

Where u,,, yare coefficient to be determined, in this technique we pick up to gain a rule of answer

phrase i.e., the Solve of (1) should appear just like as Answer (13), and other offers should be skipped

for (1) and (13). Thun, we can decide pick the linear operator.

i(x, t; q)

Lylx, t;q) = 3 (14)
With
flel=0,i=12 (15)

Where ¢;is constant.

From (1), we be defined a system nonlinear operator:

a s g2 o L
%E;Q]_ﬁ ¢i; ﬂ+ﬂh&mﬂ

PERACAT)

Ny [Wix, t;9)] = ] —pWa(x,t;q)

(16)
a(xtiq) o 0*a(ntiq)
at 2 ax?

Ny [Wix, t:9)] = + quip (x, 85 @) + sPa(x, £ q)

Using the aforementioned formula (16), we now formulate the zeroth-order deform equations for our

system:
(1 —q@) Ly (x, t:q) —ug(x, t)] = ghy Hy (8N [W: (=t q)]

(17)
(1 — @)Ll (x,t;59) —volx,t)] = ghoHy (DN [W; (315 q)]
Clearly; g=0 and g=1,
Wy (x, t5q) = uplxt), Wylxt;q) =uy(x,t)

(18)

Vol t;q) = volx, t), Yalxtiq) = v (x,t)

Thence, the higher the embed parameter (q) from (0) to (1), U (x,%; g) and W, (x,t;g) varies from
the initial guesses ug(x,t) and vy(x, t)to the solutions u4(x,t) and v (x,t) Respectively.

spreading W;(x,£; g) in Taylor series with respect to (q), got at:
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o2 T oz

Yy (x,t5q) = uplx,t) + Z u; (x, D)g™, alxt;q) = volx,t) + Z vi(x, t)g™

m=1 m=1
Where

18™Yy(nt q)
m! dg™

1 d™ya(xt;q)

[I?:I} : Vm(th}:m! ag™ |.r;':D

Um (.‘z'(.', t} =

Should define the vectors:
ﬁ: {HD(.'X-', t}_. ul(xj t}.l u: (.'X-', t}_. wany un (.'X-', t}} ¥ E: {t:[!l (xj t}_. t’l(xj t}.l t’: (xj t}.l wany t’n (xj t}}
Therefor the m*®-order deformation equations are:

L[um(x_. t} _Kmum_l(x_.t}] = thLm(ﬁm—l}
) (20)
Llvy, (x, t) — Xpvm-1(xt)] = hoRa py(Vpm—q)

Where

m—1 m—1

Uy
Rypm (Upmq) = 1 e (,8) — Bqu" oy (x,8) — 1 Z Upm—q(x, t)[1 — ;:r HN+p Z Vpm—1(x, 1)
i=0 i=0

m—1

m—1
RZ,m(T;}m—l} = T—"fm_l(x_. t} - C?: T-"”m_l(x_. t} — g Z t’m—j_(x.l t} +s Z t?m—l(x-' t}
=0

=0
Will now, for all m = 1, getting us the solution of the m*® — arder deformation equations (20):
¢
U (2, 8) = Xt (x,8) + By J; RLm{ﬁm_l(T}}dT+ €1
V1, £) = Xy Um—10%,£) + h3 ’LrRE,m{gm—lfT}}dT"' o

Where [&; Jand[c;Jare terms of integration and its determined by the initial terms(2).

5.Exact solution of [HAM][12]:

(19)

To find some semi-analytical solutions by [HAM][3] [13] according to the following exact solutions:

1
uExrzcr(xJ t) = 1+ EI“T+E:-'

1
VExace (%, t) = P g
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We replace each t in the previous exact solution with zero to obtain the initial conditions for the
system equations as follows:
1

0) =—13

u(x, 0) 1+e'®
1

‘E-”{.’X.'Jﬂ}=T}
g

Now, let us assume the values of the variables in system (1) as follows:

¢l

=18 =1lw=1r=Lk=1Lp=1g=15=1

Now, we can find the second iterations:
r a ﬂ':

w0 = [ (ol ) - (el ) |~ o0 (1 - o 9) # ol Dt
]

e*t{e* +1+3e™ + ¥
(1+e%)3 '

uy(x, t) =

r a Iﬂ':
vy (x,6) = fn (Eunu, ﬂ) - (ax: . ﬂ) — vy e, 8) + vp(x, Dt

v (x,t) = —e*t,

And by using the following formula:

t[/a 8
D (Eu[{.r,ﬂ)—(ﬁu[{x, ﬂ)—u[{L (1 —u(x, ) + vilx.£) | dt

Uy (8 = ulx, £) + J‘

L

e (o 8) = v, 1) fraarcxj e | = v ) + vilx, 8
Tirq W E = T JE T+ . EL—[ S - ax:'l.-[ S — S +'I.-[ Jtld

We can find third iteration and all remaining iterations:

%ex t(48e* + 108e™ + 16823 + 156 + 12+ 72 + 12e™
+14e3 2 + 42 +2 + 1612+ 2225 t2 4 2% t2 4 12e5%11
+2e7¥t? — 9t — 24e¥t — 135e%¥t — 198t — 123te® — b4te™ — 9tes)

ual ) = A +eo)s

1 -~
vo(x,t) = —2e¥t + 3 g*tl

And fourth iteration is:
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uz(x,t) = e*t(5040 + 50400e* — 7560t — 65520e*t + 241920e* + 7459203

1260
+ 1470t? + 9660e*t? + 499800e3*¢2 + 117180e%*2t? + 1085490+ ¢2

+ 161784025 t2 + 2058840512 + 227304027712 — 3477602t
—1300320te% — 3318840te** — 5775840t — 6985440t + 1648080e*
+ 27216005 + 314496027%7 + 33868305 — 5937520e7%t + 567%t*

— 2415e%t% + 1952370252 + 1229340e% ¢ % + 5590201%% 2
+173880e11%¢+2 + 31710e12%¢2 4+ 252013%+2 — 36817205t — 1617840t %
— 488880t 10 — 90720te1* — 7560te1? + 80e** 4% + 360e5% 55

+ 880e5t% + 2060e7%t% + 336025 81° + 48807 1% + 528010+

+ 4620e11%t% + 2960e12¥ % + 1160e13%t° + 240e1%% 15 + 20215 t% — 980e3* 5
— 5740e*t5 — 1652055 — 4095025 t> — 71960 7%t — 980005 ¢°

— 1024802995 — 73990e1%% 15 — 37380e1¥15 — 127402125

— 2520e13%13¢5 — 210e1** 5 + 3360e2¥t* + 2305823 ¢t* + 21319205

+ 10180802% + 322560210 + 50480e11% + 5040e12% + 78372e% %

+ 2324495t + 4717445 t* + 61084827 t* + 5602803 t* + 393561%*t*
+ 215712210%¢% 4+ 016862115 t% 4 260642135 % 4 450Qp13% % 4 33514x 14

— 78330e3%t3 — 276780e*t3 — §72525e° 13 — 1223880513

— 1645560e7%t3 — 1567440513 — 104128523 — 4834202 10x¢3
—152670e11%¢3 — 28980e12%t3 — 241513%13 + 203 t® — 210>

— 14700e%t3) /(1 + ¥)12

. 1
vy (x,t) = —4e*t + 2e*t° —Eexta

Tablel: result MAE (The first column represents the difference between the exact solution and the
approximate solution of the equation wu(x, £). The second column represents the difference between

the exact solution and the approximate solution of the equation v(x, t), when t=0.001).

X {Exact — HAM)yivey | (Exact — HAM) iy 0
0.0 0.011475 0.015992
0.1 0.012872 0.017673
0.2 0.014455 0.019532
0.3 0.016245 0.021586
0.4 0.018265 0.023857
0.5 0.020536 0.026366
0.6 0.023083 0.029139
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0.7 0.025933 0.032203
0.8 0.029113 0.035590
0.9 0.032654 0.039333
1.0 0.036590 0.043470
MSE 0.005983 0.009269

Figures (1) and (2) show the change in prey and predator community size for three iterations, when

Uz (x, t) and vaix, t).

6.Conclusions:

This discussion focuses on the homotopy method and its application in deriving findings from a set of

nonlinear partial equations within the prey-predator model. Specifically, it addresses the computation

of absolute error values for both u(x,t) & v(x,t), as well as an estimation of a mean square error for

both functions.
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Abstract:

The concept of the Wiener distance is considered one of the fundamental pillars in chemical
graph theory, having served over the past decades as the foundation from which numerous
distance-based measures-and consequently, various topological indices-have emerged. These
indices are widely used in analyzing and predicting the physical properties of a wide range of

chemical compounds.

Among these concepts is the restricted detour distance, defined as the length of the longest
induced path between two vertices 1 and ¥ in a connected graph &, such that the set of vertices P
forming this path induced a subgraph of G i.e., {V(P)) = P. The corresponding restricted detour

index is defined as the sum of the restricted detour distance over all unordered pairs of distinct in

the graph G.

This paper presents a historical review of the concept of restricted detour distance, its associated
index, and the corresponding polynomial. We also highlight the most significant research papers that
have addressed the computation of this index for certain types of graph operations, particularly
those that result in straight chain graphs. In addition, we explore a practical application involving the
use of the restricted detour index to identify a correlation with the boiling point of a group of

hexagonal carbon compounds.

Key words: chain graphs, chemical graphs, graph operations, restricted detour index.
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DAl

) Gl Al o s3all saa (Ao IS8 Cum A ibias glall 4 las 8 Aulll) S U aad yiy g dilie a ggde dia)
Jilat 8 qd s (3Uad e 4131 o3 aadind Adlise dym gl g gha Alal Ml 5 i) e Al Gunliall (e el 4ie i
AdasSI LS el (e drsl 5 Ao ganal 400 jll Gailiadd) £853

O a3 J bl Jsha Ll %l ) «(restricted detour distance)saial) Cil aiY! dilus camliall 38 G (sa g
@l ¢ Gl (e Camiane 3 Gl Al ol 13 IS P (a sl e same o) Cumy ¢ Glaale el v 5 U sl
z)s0) aend 33l il i) ddlis £ ane 43l (restricted detour index) iall <al yas¥) Juls oty X(V(P))=P.
G.okl) 8 Adbisadl (a5 0
1L LS 5l Gl ¥ 2 som Basete s el G a1 (s g 5aital) Cil i) Ailosa o seied Ak )5 G yo 48 5l 038 o5
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1. Introduction:

The concept of distance in graph theory has gained significant importance following its
application in mathematical chemistry, particularly after Wiener discovered a correlation between
the boiling points of alkane compounds and the topological structure of their molecular graphs [21].
In this representation, each vertex in the graph corresponds to an atom in the molecular compound,
while the edges represent the chemical bonds connecting these atoms. The distance between any

two vertices 4 and ¥ in a vertex set V{G) of a graph G is defined as the minimum number of edges in
any path connecting % and ¥. The Wiener index, denoted by W({G), is defined as the sum of the

distances d{u, ) between all pairs of distinct verticesin & , i.e.
I’F(G} = E;u_,y}El;-'l:G:I d'(uj t’} .

In 1988, Hosoya introduced the Hosoya polynomial, denoted as H{G; x) and defined it as follows

[16]:

H(G;x} = EEH,E}EVI:G} xﬁ":u,zr}.

The Wiener index can be obtained by differentiating the Hosoya polynomial with respect to & and

then substituting * = 1 in to the result, i.e.
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W(G) = i H(G; %) | =1 .

Subsequently, several new types of distances were introduced in graph theory, each giving rise to
a corresponding index. Some of these indices are either derived directly from the distance
definitions or formulated through associated distance-based polynomials. Notably, many of these
indices have demonstrated significant applicability not only in modeling the chemical and physical
properties of various compounds[17], but also in analyzing the structural architecture and
connectivity patterns of networks [12]. Among the most prominent of these distances are the
Steiner distance [11], the communicability distance [13], the resistance distance [9], restricted

detour distance [10] , and detour distance [14].

In this paper, we present a historical overview of one of these distance types, known as the
restricted detour distance on graphs, through a series of special graph operations. This concept has

notable applications in chemistry.

In 1993, Chartrand, Johns, and Tain were the first to define the detour distance in graphs under the
condition that {V"(P}) = P, where (V(P)} denotes the subgraph induced by the vertices of a longest
path P [10]. The detour distance between two vertices 1 and v, subject to this restriction, is now

called the restricted detour distance.

A restricted detour path (induced detour path) between two vertices i and v is defined as an
induced 1 — 77 path of maximum length, denoted by D*{u,v). A connected graph @ is said to be a
restricted detour graph if D*{w, 1) = d(u, v) for every pair of distinct vertices in G, such as trees,

complete and bipartite graphs.

In contrast, every cycle of order p = 5 fails to meet this condition and is not a restricted detour

graph [10].

The restricted detour distance is differs from the detour distance which define as the length of a

longest 1 — ¥ path between two vertices 1,77 € V{G), and denoted D{wu,v), [4]. Accordingly, the
detour index of a graph &1, denoted by D{(G), is defined as the sum of all detour distances between

every pair of distinct vertices in &, [14]. that is:
D{G} = E;my};u(g} D(HJ 'i-"}.

The restricted detour index of a graph G, denoted by dd*(G), is defined by the following, [4]:
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dds(G} = EEHJF}EVI:G} D 8(“; T:’}.

It is worth noting that Trinajsti¢, et al. employed an exponential relation involving the Wiener
index and the detour index to achieve a better prediction of the boiling point for a number of

chemical compounds. This relation is expressed as:
o
b.p.= A+ B(D(GIW(G)) (1)

where b.p. denotes the boiling point and
A=-16962+ 5915 = 93.00 + 4.86,C = 0.13066 £ 0.00391. further details of this study can

be found in [22].

This relation will be utilized in a alter section of this paper to examine the potential of the

restricted detour index in predicting boiling points.

In 2012, Mohammed-Saleh introduced a restricted detour polynomial denoted by D*(G; x) and

defined as:

D*(G; x) = Z PaC
furloviG)

We can also obtain the index for this type of distance by differentiating the polynomial above and

substituting the value of x by one.

Numerous research papers have studied the restricted detour distance, its corresponding index,
and polynomial [1-4,7,15,18,19]. However, in this review paper, we focus on operations that

generate chain graphs.

Several methods exist for constructing a chain graph, including edge identification between two
or more graph, the edge-introducing, or identification of a vertex in one graph with a vertex in
another. These operations resemble the bonding patterns found in chemical compounds, such as the
connections between carbon rings-whether hexagonal, pentagonal, or otherwise-ultimately leading
to the formation of interconnected cyclic compounds that are both stable and structurally complex.
As these compounds become increasingly intricate, studying their physical properties becomes more
challenging. Accordingly, this study seeks to investigate whether the restricted detour index exhibits
a strong correlation with boiling point, which could allow it to serve as an effective tool for analyzing
the physical properties of cyclic compounds, also includes a discussion of the theorems presented in

the selected research papers.
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2. Edges Identification Operation:

In this section, we present a review of restricted detour index for straight chain graphs resulting
from the identification of an edge or edges between two or more graphs, such as hexagonal ring

chains, quadrilateral chains, and straight wheel chains.

2.1 Hexagonal chain graph (],,) [4]:

Ali and Mohammed-Saleh [4] proposed a general formula for computing the restricted detour

polynomial of a hexagonal chain graph [, consisting of m hexagons (hy, ha,..., ), where m = 1,
The following illustrates the general structure of this graph.

m 'hIm m

Theorem 2.1.1 [4]: Form = 4,
D*(Jpux) =4m+ 2+ (5m — Dx + Imx? + emx*+ 2m — 2)x% + (6m — 6)x% +
(Bm —10)x"+(2m — 2)x® + (bm —12)x° + (Bm — 16)x0 + Blx + 1) Bt lm + 1 — k)x 3

Corollary 2.1.2 [4]: For m = 4, the restricted detour index of [, is given by:
dd*(J,,) = 8m? + 28m? — 2m + 9.

We will use the relation (1) mentioned in the introduction, which is taken from [22], along with
Theorem 2.1.2, on a group of polyacene compounds whose molecular structures topologically

resemble the hexagonal chain graph (J,.). We will also require the boiling point values of the

polyacene compounds, which will be taken from reference [17].

Table 1 some properties of Cyps+2Ho,:4mn =1,2,...,9,[17]
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By using the relation (1), but applying the product of the Wiener index and the restricted detour

index for this compounds, and comparing it with the boiling points listed in the table above, we

obtain the following results:

y =136.79In(x) - 406.93

y=132.02In(x) - 435.96

b.p 500 R?=0.9908 R bp 500 R?=0.9905 5
e I —
700 700
M’"—’f M"’d}f—
600 ¥ 600 v
500 s 500 s
400 /{ 400 /’/
200 ]‘ 300 {
200 ‘ 200 ‘
100 <|r 100
o T T T T T 1 o T T T T 1
o 1000 2000 3000 4000 5000 6000 o 2000 4000 6000 8000 10000

Wienerindex

b.p 900
800
700
600
500
400
300
200
100

¥

restricted detour index

=-0.0006x2 + 1.5206x - 11.665
R?=0.9979

T T T T 1
400 500 600 700 800

Wiener index x restrected detourindex

Fig. 2 Wiener index and restricted detour indices with boiling point (b.p) of

c4ﬂ+zH2ﬂ+4Jn =12..9

It is observed that the correlation coefficient reaches 0.9979, indicating a very strong

relationship. This result provides clear evidence of the effectiveness of using the product of the
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restricted detour index and the Wiener index in predicting the boiling points of this class of cyclic

carbon compounds.

2.2 The Ladder (L,) [4] (Square chain):

A ladder graph L,, is the result of the Cartesian product of the complete graph Kz and a path

Fig. 3 A Ladder Graph L,,

graph B,,n = 2 thatis L,, = K; %X B,, as showing in Fig. 3.

Theorem 2.2.1 [4]: Forn = 3,

D*(L;x) =2n+ (3n—2)x +2(n — 1)x?

+2 E”;%(n —k)x¥ (xz %l + xlﬂ[ﬂ),

Corollary 2.2.2 [4]: Fornt = 2, we have:

1 -3
—n{2n? +n-—2), forevenn
da=(L,) =

. n—2 n—1
—(2?13+71‘—5:r1+5}+4-g -‘+{ DJ for odd n
2 4 4

The previous theorem for the restricted detour index of ladder chain graphs may be applied to
organic compounds with linearly fused four-membered rings, such as n-ladderanes, where n
represents the number of rings. These structures resemble quadrilateral chains, making the
restricted detour index a potentially valuable topological descriptor for their physicochemical

analysis.

The references [1,3] present theoretical results concerning the restricted detour index and its

polynomial for straight chains of wheel graphs as well as k —wheel chains, without addressing any

chemical or structural applications. This highlights a promising opportunity for future research to
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investigate whether such graph structures have analogs in molecular systems or within network

theory, potentially extending the practical relevance of these theoretical findings.
3. Vertex Identified Operation:

Let Gy and G2 be two disjoint graphs, and let u € V{G; ) and v € V(G, ) be designated vertices
in &1 and G2, respectively. The vertex identifying graph, denoted by (1 G4, is the graph obtained by
identifying the vertices it and 7 into a single vertex, thereby combining the two graphs at that
vertex. The edge interdicting graph, denoted by q: G4, is the graph fromed by adding a new edge
between the vertices 1 and 7, thereby introducing a connection between &y and &z without

identifying any vertices.

In his work [18], Mohammed-Saleh generalized the vertex identifying operation to include a

family of m finite and connected graphs. He then found the restricted detour polynomial

corresponding to the resulting graph from generalized operation.

Consider a family of pairwise disjoint, connected graphs &y, &z, ..., Gy, where each graph &; has
anorderp; = 2fori =1,2,3,...m. Let u;, ¥; be two distinct vertices in each G;. The straight chain of
identifying graphs, denoted by &y, is constructed by identifying vertex u;+1 in &;+1 with v; in &; for

alli =123,...,m—1, that is[18]

gm = gm—i L Gm = (gm—i. Gm—ijI L Gm = Gi L GE ® .. .Gm—i L Gm
Fig. 4 shown G, graph, where v; = 1;44.

Fig. 4 The Straight Chain Of Identifying Graphs G,

Theorem 3.2 [18]: Form = 2,

D*(G s x) = D*(G ;) + D (G x) + D* (U, G X)D* (W1, G i ) — D* (U, Goy3 )
- Ds(vm—ligm—ﬁx}

Where
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m
D*(¥m-1,Gm-1; %) = Z {xzﬁﬁ"}ﬂ:a(ﬂs(t’hgﬁﬂ - 1}} +1
i=1

In which ¥(i) = Dg; (5,v5)

The next theorem represents a special case of the previous one, through which a polynomial

expression is derived to compute the restricted detour distance of the graph @ when repeated m

times, reflecting a mathematical simplification of the problem in the case of repeated graph.
Theorem 3.3 [18]: Form = 2,
D*(Gmix) = D*(Gm—1(G); x) + D*(Gs x) — D*(u, G; x)

+[D*(u, G; x) — 1{[D*(v,G; x) — 1] B Ly im—UDglue) 4 1]

As demonstrated in the preceding theorem, Mohammed-Saleh [18] formulated a general rule for
vertex identification applicable to any set of graphs. Theorems 3.5 and 3.6 present the general
formulas for pentagonal and hexagonal chains (as shown in Fig. 5), respectively. These theorems
constitute the practical application of the theoretical results, enabling the study of the structural

properties of various types of carbon ring chains, Particularly the pentagonal and hexagonal ones.

AKX >

Fig. 5 Pentagonal and Hexagonal Chain Graphs

Theorem 3.5 [18]: form = 2
D*(Gm(Ce)ix) =m(5+6x +3x3 +6x%) + 1+ (2 + 13 + 2x#) 2T BT T 30m—i-)),

Theorem 3.6 [18]: form = 2

D*(Gm(Cs)ix) = 1+ m(4 + 5x + 5x3) + (2x + 2x3)2FT IR I 30m=i=)),
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corollary 3.7 [18]): form = 2
5 4
(1) dd* (G (Co)) = =m2(Sm+1) —m,

(2) dd*(G,.(C<)) = 8m? + 8m? + 4m.
4. Edge-Introducing Operation:

Let &y, Gz, ey Gy, be a family of m (where m = 2) pairwise disjoint and connected graphs. For
each graph G;, let u; and v; be distinct vertices. The straight chain of edge — introducing graphs,
denoted as Jm, is formally defined as the graph constructed by introducing m —1 new edges,
specifically ;4117 for each i ranging from 1 to m — 1, connecting the graphs &1 through Gp,. It's

clear that
Im =Jm-1: G =01 1 Gz 202 Gy

The graph Jm. ™ = 3 is shown in Fig. 6.

Fig. 6 The Straight Chain Of Edge-Introducing Graphs (.,

Theorem 4.2 [18]: form = 2,
D*(Jp;x) = D*(Jp_q; x) + D*(Gppps x)

FXD* (Uppyy G X) D* (Ve 1, T —15 %),
where

D* (v dn-1) = 25 et TR DD 0, 60,

In which y(j) = D, (u;,v;)
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Theorem 4.2 provides a polynomial expression for computing the restricted detour distance

resulting from the edge-introducing graph operation applied to ™M copies of the graph &, as a

Corollary 4.3 presents an application of this theorem to a set of chemical compounds.
Theorem 4.3 [18]: Form = 2,

D*(Jm; x) = mD*(G; x)

+x D*(u, 6;x) D*(v, G; x) {E}El g’ ':m_i_’f}(y“g&':”‘”}-}}-

It is clear that research papers [4,18] provide direct and relevant applications in the field of

mathematical chemistry.

In 2017, Ivan D. Ali and Herish O. Abdullah computed the restricted detour polynomials resulting
from the edge identification of two wheel graphs and determined their corresponding restricted

detour indices [7].

In recent studies, two new definitions derived from the restricted detour index-namely, the
average restricted detour distance and restricted detour median graph-have been introduced in two

papers [3, 15]

5. Conclusion:

After reviewing several research papers and applying the edge identification operation to
hexagonal ring graphs, obtained a series of graphs that mimic the topological structure of polyacene
compounds. By using relation (1), where the exponential term includes the product of the restricted
detour index and the Wiener index, obtained a very strong correlation with a value of R = 0.9979,
This result indicates the efficiency and effectiveness of the restricted detour index as a topological

descriptor for predicting the boiling point of polycyclic carbon-based compounds.

6. Suggestions for Future Works:

e Establishing explicit formulas or inequalities that relate the restricted detour index to other well-
known graph invariants for special graphs, such as the Wiener index or D-index, similar to the

relationships researched in tree graphs [8] and regular complete graphs[6].
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A research on the restricted detour index under several additional graph operations, aiming to
generalize its behavior and identify patterns or bounds across diverse structural transformations.
Further investigating the correlation between the restricted detour index and various
physicochemical properties of chemical compounds in order to evaluate its effectiveness as a
molecular descriptor.

Research on the graphs that represent the upper and lower bounds of the restricted detour
index.

A research to assess the applicability and relevance of the restricted detour index in network

theory may serve as a valuable direction for future research.
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Abstract

This paper studies the fourth Hankel determinaf for a subclass of analytic functions,
denoted by N(z, i, ) , defined via athir-order differential subordination involving an

exponential function. Sharp coefficient bounds for lanl, where n = 2, ...,7 , are obtained, and
an upper bound for the fourth Hankel determinant H,(1) is established, contributing to the
theary of geometric function classes.

Keywords: Superordination, Hankel determinant, A Schwarz function,

Chebyshev polynomials, Analytic function.

1. Introduction
Let p denote the class of analytic functions p , normalize by
pE)=1+cz+cz°+ 2+ (1)

and satisfying the condition Re{p(z)} =0 inD
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It is well known (see [2,3,4,19,24]) that if p(z) € P, then there exists a

Schwarz function w(z), analytic in such that «w(0) = 0 and |wr(z)| < 1,
with

14+ wi(z)
1—wr(z)

p(z) = (z €D).

Recently, Mendiratta et al. [15] introduced the following subclass of analytic
functions associated with exponential function. Earlions
Ma and Minda [14] defined subclass of starlike and convex functions using t

principle of subordination. Inparticnlar, they introduce for the

o 2@ _
SH(d) = {fEA. 0 D(z), z € U}
and

on L reaq @ _
G (D) = {f EA:1+ @) @(z), z € U}.

Mendiratta et al. [15] father introduced the class ors

. @ _
Sg_{fEA. 0 e’ ZEU}. (2)
While the associated class

. L@
GQ—{fEA.1+—f(Z] ez, zEU}. (3)

Was introduced by using an Alexander type relation [13]
These classes are known to de symmetric with respect do the real axis

a’n ﬂ":'2+1 rx’:va+|'.3—1
(7 [ 7 NP L
Hq (ﬂj — ni+1 n-l-:; ni+r.r , (al — ]_]_ [4]
l:x’:l'z+|:]—1 l:J":l'z+|:] an+2q—2

The Hankel determinant plays a significant role in the theory of singularities
[10] in the analysis of power series with integer coefficients [7,17] several
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estimates of H, () have been obtained for various sub classes of univalent and
bi-univalen function. The case H, (1) = a; — a3 is the classic Fekete—szego
functional while H,(2) = a,a, — a3 has been studied for bi— starlike and bi —

convex functions ([3,45,62]). Krisha [13] provided asharp esti for the Bazileric
class. More recently, Srivastavaetal. [21],obtained bounds for H, (2) in the
class of bi-univalent functions involving symmetric q-derivative[23], the
authors investigated Hankel and Toeplitz determinants in subfamilies of g-
starlike functions associated with conic domain( see also [6,16,22]).

For functions of form (1), the third Hankel determinant is given as:
H;(1) = —asas + 2a,a;a, — a3 + a;as — aj.
Interesting results on H;(1) were established by Babalola [5], motivating

further investigations.

The fourth Hankel determinant has also been studied in for a certain subclass of
starlike and convex functions [20]. In this direction, we introduced a new
subclasses of analytic functions using third-order differential subordination
involving the exponential function and derive sharp bounds for the fourth

Hankel determinant H, (1) for functions in this class.

2-Preliminaries

The definitions and lemmas presented below will be used to establish the main
results work .

Definition2.1: [20] Let f be a function f of the form (1) .The fourth Hankel

determinant of f is defined as:
1 {12 ag a’4

d; 4z 4, das
a, as Qg Qs

P |

Where the coefficients ti are defined by:

|#: | = la, ||a4a5 - a§| + |asllazas — azas| — |ayl|lazas — ail,
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|, | = |f1=1.f15 - ﬂ§| —la;llazas — azas| + |asllazas — ﬂil: (6)
|#5| = lazag — asas| + lasllasas — asas| — |aglla,ay — ajl,

|£4] = lasgllazay — a3l — laylla, — azas| + las|la; — aj|.

The Chebyshev polynomials of the first and second kind are defined on the

interral (—1,1) for a real variable x an foiiows:
T, (x) = cos(n arccos x)

and
sin[(n + 1)arccos x] B sin[(n + 1)arccos x]

sin(arccos x) N +1— x2 ’

Now, consider the function

U, (x) =

1 1

H(t, =—,tE(—,1), c 1.
&2 =T 5 2 )%

It is well — known that if t = cosa, a € (U,g), then

[=a)

H(t7) = 1 "‘Z sin[(n + 1]&:]2“

sin a

n=1
=1+ 2cosaz + (3cos?a— sina)z? + (8cos*a — 4cosa )z

+---,z €U,
that is

" 1
H(t,2) = 1+ Uy (0) 2+ Uy (D22 + Uy ()23 + U, (Dz* + -, t € (E’ 1),2 cv

where
sin[(n + 1)arccos t]
o

are the Chebyshev polynomials of the second kind . There polynomials satisfy

,neERN,

the recurrence relation:
U, .. (t)=2tU, (t)— U,_,(t).
specifically

U,(t) = 2t,U,(t) = 4t* — 1,,U,(t) = 8t3 — 4t, (for each n € N).
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Mendiratta et al. [79] discussed the subclass 57 of analytic functions associated

with exponential function.
Lemma2. 1: [15] If function f € 57 is of the form (2), then

|f12|‘*—:1;|f13|‘5 |f14|‘*: |a|—1

4’
where S denote the class of analytic functions to third Hankel determinant.

Lemma2. 2: [20] If the function f € S and of the form (1], then

a1 < Llas| <2, lay] < 70, las] < g lagl < 2o las| < 200
Lemma2. 3: [20] If the function f € G and of the form (1], then
3 1 343
o= —
|azl—2;|ﬂal—12 |a4| ?2 |f1 | < | ﬁl 36{]{] ,la :-'l 36'[]'[]

Here, we discuss a new subclass of analytic functions using the subordination.

Lemma 2.4: [11] If P be aclass of all analytic functions p(z) of the form:

P(Z) =1+ Z;;l pﬂ.zﬂl (7)

with p(0)=1 and Re{p(z)} =0 for all zeU. Then |[p,| < 2, for every
(n=1,2,3,...).This disparity is sharp for each n
Definition 2.2: A function f € A given by (1) is said to be in the class
N (e, u, e) if the following condition holds:

11f(2) ( )

- +A-pf'@ +zuf" (@ + 2" (2) | < L(e,2), (8)

where = 0 ,a € C\ {0}and
Lie,z)=14+U,0)z+U,(D)z>+ U ()2 + U, (t)z* + -+,
1
e c (E,].),ZE U.

The main findings of our current inquiry will now be stated and proven.
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We begin here by finding the estimates on the coefficients|a,| and
n = 2,3,4,5,6,7, for functions in the class NV («, u, ).

Theorem 1: Let f be a function of the form

f[z)=z—|—2aﬂz“, (zel)

And suppose that f belongs to class V' (a, u, €)
A Then the follow sharp coefficient bounds hold:

jay < 3] < =, lay] < jag] < — s
Gl=3 5,0 B =7 Ol =137, % 1S =020,
o< 216 104

9l =313 90" = 13+ 168"

where u = 0and e € C\ {0}
Proof: A ssumthat f € N (a,pu,e),then there exists an analytic function E

defined in the following subordination relation holds:

1 f{:zj I rrr

Pl z(1—wf"(2) + 2°puf""(2) | = L(e, E(2)).

Where L(e,z) =1 +u,(t)z+u,(t)z*+ ---..... is generating function
involving chebysher polnomiais of the second by the principle of subordination,

there exists a Schwarz function E(z) , given by

E(z) = 2", z€U,

n=1
1+E(z)
1-E(z)

Such that the function B(z) =

Has the power series expansion
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B(z2)=1+2p,z+2(p, +PE]ZE +2[p; +p,Cp, -I-'pf]]zg
+2[ps +p7 +piBp, +p7) +2p, pslz*
+2[ps + 2 p2(ps + 2p3) + 3p, (P1ps + P3)
+ (perZPJ, + pi])]za
+2[ps +pi(4ps +pi) + 07 (Bps + 5p2p7) + 2p; (ps + 3p2p3)
+p3 +pi(p, +6pi)+2p; pulz®

Now ,Since f is the stranded class A, We Can expand the left-hand side of

operator as follows:

1 f(zj I 2 rr
P T‘FZU_#]f (2) +z°uf"(2)
=é[1 +(3—-2wa,z+7a;z* + (13+ 12p)a,z?

+(21+ 40p)azz*+ (31 +90w)a.z> + (43+ 168u)a,z°®
4] (10)

comparing the coefficients of z™ form the two expansion (9)and(10), we

obtain

1

_((3_ 2#](12) =2 Py

(7

1 2

~(7a3) = 2(ps +pD),

1 2
E(UB + 12#)(14) =2[p; +p; 2p, + )],

1
E((Zl +40#]aa) =2[p, +pi +pi(Bp, +pi) +2pypsl,
~((31+90mas) = 2[ ps +2 p,(ps +2p3) + 3p; (psps + P3) +

(Pl(z?lp + Pf))],

é(m +168u)a,)

= 2[pe + v (4p; +p3i) +pi(Bps + 5p,07) + 2p; (ps + 3p,p5)
+p3 +pi(p, +6pi)+2p, pl
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Now, by applying the standard bound |p,| = 1 for Schwarz function and

applying Lemma 4, we obtain

e - 11
a:1= G35 an

12
Iagl-*_:?o:, (12)
la,] = 36 13
@l =135 12, (13)
la] < 108 14
=01 120" 14)

216

< 15
lag] 31+90#0:, (15)
o] <1044 iy
1=43 11680 " (16)

This complete the proof. o
In the following theorem, estimates on |H,(1)| are determined for
fEN(ape).

Theorem 2: Let f be a function of the form

f[z)=z—|—2aﬂz“, (zel)

And suppose that f belongs to class NV (&, i, €) . then the following estivate for

the fourth Hankel determinant H, (1) holds:

|H, (D]
—1119742u—3)(90u +31)(40u+ 21)a*L, (6, 1) + 139968(90u+ 31)(12u + 13)3
L(&,u)
93312(12u + 13)2(40u + 21)2a®L,(8,) + 672(901 + 31)2a?L,(5,)
L(5,uw) !

where
L(6,u) =49(12u+13)*(2u—3)*(90u+ 31)(40u + 21)3
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L,(8,4) = 55296001 — 6289920u° — 7939584 4% + 382116843
+19330358u2 + 13831923y + 2364054,

L,(6,u) = 12441600au® + (7822080a — 141120)u*
+ (22824960 — 4407648)% + (—9231232a + 936684) 142
+(—7799688a + 7738668)u — 1318212 + 1874691,

L,(6,4) = (2073600a + 967680)u° + (5760a — 2203488) u*
+ (3538848¢ — 405048)u® + (1919952 + 2910348) 12
+(—908008q — 744282)u— 163380a — 257985,

L,(8,u) = —7776p* + (46080a + 21600)12 + (52896a — 13500) 42
+(2216a — 324)u— 1092a — 2673.

Proof: Let f be a function of the form

f(z]=z+Zaﬂz“, (zel)

And suppose that f belongs to class N (e, i, €)
By Deficient (2,1) the fourth Hankel determinant H, (1) is given by
|Hy ()| = la;ty, — agt; + ast, — at;y|,

Where the coefficients #;, #,, #3,#, are defined by

EAES |ﬂzllﬂ4aﬁ - ﬂ§| + lasllasas — asas| — lagllazas — ajl,
|%,| = |f1=1.f15 - a§| —lasllazas — ayas| + las|lazas — azl,
[£3] = lazag — asas| + |asl|la,as — azas| — |aslla,ay — a3l
[ts] = lazllayas — a3| — |asllay — aya3| + |as|la; — a3l.

Inserting (11) — (16)in (7), we get

_ 31104a®L,(5,u)
|t | = 0D, (17)
12962 Lo (8,1)
|'¢.2| - RZ{E,'M:] » (18)
2
£, = 432a”Ly(6.u) (19)

Ry(5uw) '
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96a?L,(&.u)

Il =—— G0 (20)

where
R,(6,u) = 43(2u—3)(90u+ 31)(40p + 21)2(12u + 13)3,
R,(6,u) = 49(90u +31)(2u — 3)(12u + 13)2(40u + 21)2,
R,(6,uw) =49(90u+ 31)(40u+ 21)(2u— 3)*(12u + 13)7,
R,(6,u) = 7(40u+ 21)(2u— 3)2(12u + 13)2.
Using (17) - (20)in (5), we get
|H,(1)]
- —111974(2p — 3)(90p + 31)(40p + 21)a*L (5, u) + 139968(90u + 31)(12u + 13)*a*L,(5,u)
B 93312(12p + 13)*(40u + 21)*a®L,(6,u) + Eg’(ﬁm 31)%a’L (6, w)

L(8,u) !
where

L,(8,4) = 55296001 — 6289920u° — 7939584 4% + 382116843
+19330358u2 + 13831923y + 2364054,

L,(6,u) = 12441600au> + (7822080 — 141120)u*
+ (2282496 — 4407648)u* + (—9231232a + 936684 ) 1
+ (—7799688a + 7738668)u — 1318212+ 1874691,

L,(6,4) = (2073600a + 967680)u° + (5760a — 2203488) u*
+ (3538848¢ — 405048)u® + (1919952 + 2910348) 12
+(—908008q — 744282)u— 163380a — 257985,

L,(8,u) = —7776p* + (46080a + 21600)1* + (52896a — 13500)u% +
(2216a — 324)u — 1092a — 2673.
O

In case i = 0, we get the following Corollary.

Corollary 1: If function f of form (1) belongs to the subclass NV («, i, €), then

() 825676789240 , 3869374792502 , 259842
=R — =,
SM= 911067339 © ' 4415172489 © ' 480024727 "

E

In case @ = 1 and u = 0, we get the following Corollary.
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Corollary 2: If function f of form (1) belongs to the subclass NV (e, i, €), then
|H,(1)] =~ —29.89227843.

By applying Lemma 1 and using |ag|, |a~| from Theorem 2 in fourth Hankel
determinant (7), the following theorem emerges:

Theorem 3: let the function f € V' (a, i, €) be of the form

f(zjzz—l—Zaﬂz“, (zel)

Then , the fourth Hankel determinant satisfies the inequality
|H4- {:]Jl = _Tl {:5! u] + TZ Eﬁr uj - TE {:5!“] + T4- {:51 uj!
Where the farms are defined by:

G = 2533¢ 1271447
10U T 24(31 + 90w) 1679616’
L (6.0 = 60~ =802 _ 229
200U = 31 + 90u 1728
L (60 — 81648 8164842 6115a
oW = (31 + 90u)? 24(31 + 90w)’
—10343¢
Tﬂl-(:gyu]:

36(43 + 168u)

Proof: Let f € N (a, i, e). Then the fourth Hankel determinant can be rewrite

as.

|Hy(D| = —ayst, + ast; — agts + a1y,

where

|#.] = |ﬂz||ﬂ4f15 - ﬂ§| + lasllazas — ayas| — lagllazas — ail;
|, ] = |ﬂ4ﬂ5 - a§| —lasllazas — agas| + |aszllazas — ail;
|#3] = lagag — asas| + |las|lazas — azas| — |aslla,ay — a§|,
|£4| = laslla,a, — a%l_ laglla, —a,az] + |as|la; — a%l-
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By applying Lemma 1 and using |agl,|a| from Theorem 2 in fourth Hankel

determinant (7), we get

|#,] = |ﬂz||ﬂ4ﬂ5 - a§| + lasllazas — ayas| — lagllazas — ail,
| = 447 o 74791 21)
1 2(31 + 90u) 466567
|, | = |f1=1.f1.5 - a§| —lasllazas — agas| + lasllazas — ﬂil,
—60a 229
| = — 22
2] 31 + 90u 1728’ (22)
|#3] = lazag — asas| + lasllasag — azas| — |laglla, ay — a§|,
] = 378a 6115 (23)
*7 31 + 90u 5184
|£4] = las|laa, — a%l_ lagllay —ayaz| + |as|la; — ﬂ%l;
667
| = ———. 24
EA 1796 (24)

Inserting values (21) — (24) in (5), we obtain
|H4{:1]| = _Tl {:51 u‘] + YE Eﬁy u‘] - TE {:511['] + Tcl: {:61 u]:

where
G 2533¢ 1271447
1\OW=5431 + 90u) 1679616’
6w = —60 =502 229
200, = 31 + 90u 1728
(60 = 81648 816484 6115
3O W= (31 + 90w)? 24(31 + 90w)’
—19343¢
T4(5,u]=

36(43 + 168u)

In case 4 = 0, we get the following Corollary.

Corollary 3: If function f of form (1) belongs to the subclass NV (a, &, €), then
|Hy (1) = —0,(6,u) +0,(6,u) —0,(5,u) + 0,(5,u),
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where

0.5 ]_25330: 1271447 o o 60a_ 229

1\OW="744 1679616’ 2 =T T 78
81648a2 6115 19343¢

06w =—g =~ T2z %W =——50

In case @ = 1 and i = 0, we get the following Corollary.
Corollary 4: If function f of form (1) belongs to the subclass NV (e, i, €), then
|H,(1)] =~ —93.95348065.
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Abstract

Within this research, we will study the relationships between Neutrosophic

torsionless cyclic (R U I')-module and Neutrosophic quasi-Frobenius rings.
Some implications yeld cyclic (R U I)-module and hence Neutrosophic quasi-

Frobenius ring have been presented. In addition we study the relations between
isomorphic Neutrosophic Noetherian ring and Neutrosophic quasi-Frobenius
(Q-F) ring. Additionally, we present an important relation between
Neutrosophic torsionless cyclic module, projective module and Neutrosophic
injective module which through we get an Q-F ring. Finally, we study some
concepts such as; Neutrosophic hollow module, Neutrosophic local module and

Neutrosophic simple module which its relationship to the quasi-Frobenius rings.

Keywords: Quasi-Frobenius rings, Noetherian rings, torsionless, cyclic module, Hollo
Module.

aldial
o) YD e AR A gall A a3 enil) Claiall (BNl Ly cCaall Naa
Cesing A Aud A g yigull Slalsll g (Neutrosophic torsionless cyclic module)
O () a5 Al mlll ey wns &3 5 (Neutrosophic quasi-Frobenius rings)

GBSl gy eclly ) ALYl | (s 9 58 4l A8 g g i 0 A8l () S (e g ey ) 50 Cillie

111


mailto:omar1990@st.tu.edu.iq
mailto:majid_math@uoanbar.edu.iq

isomorphic Neutrosophic Noetherian ) ALl &, i 6l 438 gy 3 gill Zalal)
Cluliall G dage ABle im0 LS (Q-F ring) Cesmin s 8 4k 48 gus 5 i sl 43lall 5 ¢(ring
Neutrosophic ) 4alawy) 4 su 5 55 oill Ciludiall 5 col gV (e d0ATN 4 ) 5ol 438 gun g 53 guill
Neutrosophic injective ) 4séall 45 5isnll Cluladls «(projective module
rfie aaliall (any (o0 <) 50al s Q-F dils e Jgpand) (S DA (e Sl 5 «(module
4 g 5 5 saill il 5 «(Neutrosophic hollow module) sl sall 4 s 5 5 sil) ciluladll
Neutrosophic ) dhasall 4 s el cluidls (Neutrosophic local module) adsall
Losain g8 4l Gl LgB3le 5 csimple module)
1. Introduction
A Neutrosophic Artinian ring is a Neutrosophic ring that satisfies the
descending chain condition on (one-sided) ideals; that is, there is no infinite
descending sequence of ideals. A Neutrosophic ring R UI is referred to as
quasi-Frobenius if it is (left or right) self-injective and (left or right) Artinian,
equivalently, on which side it is self-injective and which side it is Noetherian. A

right n-injective ring R is defined as one in which each homomorphism of an n-
generated right ideal to R extends into an endomorphism of R. This definition is

one of several generalizations of the notion of self-injective rings. [1]. The
concept of rings that are Frobenius and quasi-Frobenius are generalized by
many authors. In (1941), Nakayama, Tadasi presented a study on Frobeniusian
algebra [2]. In (1950), Ikeda, Masatoshi and Tadasi Nakayama submitted a
study about supplementary remarks on Frobeniusian algebras [3]. In (1956), the
outher studied both Hiroyuki Tachikawa, Kiiti Morita, and Morita Quasi
Frobenius rings, character modules, and free module submodules [4]. In (1958),
Dieudonne’, Jean provided some remarks about quasi-Frobenius rings [5]. In
(1964), E. A. Walker and Carl Faith proposed the concept about quasi-
Frobenius rings on characterizations [6]. And in (1996), Dinh van huynh
demonstrated in her study A Note on quasi- Frobenius rings [7]. Sets of fuzzy

and Sets of intuitionistic fuzzy have a generalization which is the Neurosophic
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set. According to Neutrosophic reasoning, There are three levels to a

proposition: truth (T), indeterminacy (I), and falsehood (F). There is a

membership function for each component level of involvement in the
uncertainty issue, according to fuzzy set theory [8]. After that, in 1983, K.
Atanassov expanded fuzzy sets to include intuitionistic fuzzy sets on universe

X. In these sets, in addition to Membership degree ps(x,) €[0,1] for any
element x, to set A, non-members may also get a degree to function

va(x,) €[0,1] that are present, where x, € X, pa(x,) + val(xy) < 1[9].

2. Basic Concepts

In the present section, some fundamental terms that will be used later on are
defined.

Definition 2.1 [10]. Consider X as an universal set. Then a fuzzy set A within X
consists of ordered pairs; A= {(x,pua(x)): x € X} s, p,+ X —[0,1],
that is known as the function for membership with x € X, the value from pu,(x)

represents the grade of membership of x in A.

Example 2.2: The universal set X is the group of people. The issue of whether
person x is young is addressed to that extent by the definition of B fuzzy subset

young? To each person in the universal set, We must allocate a degree for
membership inside the fuzzy subset "young." The most straightforward method
to do this is using the function of membership based on the individual's age.

1, age(x) = 20
tg(x) =4(30—age(x))/10, 20 =< age(x) = 30
0, age(x) = 30

Definition 2.3 [11]. Assume that & is any group. Then this mapping
w: G — [0 1] forms the fuzzy group if YV a,b € G:
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1) uCab) =min { u (a),u(b)}.
2) wCa™) = u(a).

Example 2.4: Here we have the set S, which contains all possible random
variables for the space of probabilities (12, ¢,P) and suppose that A is any

subset of the reals that is Borel and includes all subgroups from the reals that

are addizable. Note that S is a groupoid when added pointwise. (The extra
structure is not necessary for our current goals, even if S is a group.) A function
95— [0,1] define by ¢,(X)=P{weN: X(w)€ A} =P[X"1(4)]
Therefore, @, represents the probabilities that X is “in” the subgroup A. A

fuzzy subgroupoid is an obvious choice for the function ¢,.

Definition 2.5 [12]. Assume that R is a ring, A is a fuzzy set of R, we will refer
to A as a fuzzy ring of R, if

1) A(a—b) = A(a) NA(b),V a,bER.

2) A(ab) = A(a) NA(b),V a, b ER.

Example 2.6: Consider the set R = {0, x, y} , which contains a binary operation

(-) and a hyperoperation (+) as follows:

+ 0 X v - 0 x y

0 [{03 {x} 0} 0 |0 0 0

x |6 0%y} %) x |0 x y

y |03 &yr  {0xy} | Consequ |y, g X y
ently a

ring (R,+,) is a hypernear. A fuzzy set p:R — [0,1] define by
p(x) = pu(y) = 0.5 and p(0) = 1. Checking that p is a fuzzy subhypernear ring

from R may be done using basic computations.
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Definition 2.7 [13]. Assume that R is a ring. We referre to the fuzzy subset A of
R fuzzy ideal inRifV x,y €R,

1) Ax—y)= min{A(x), A(y)}.

2) A(xy) = max {A(x), A(y)}.

Example 2.8: Consider R is a ring. A fuzzy subset A define by:
Alx)=r,Yx € Randr € [0,1], then A is fuzzy ideal in R.
Note: If we replace [0, 1] with {0, 1} in the above definition, then a fuzzy ideal

Is just the usual real ideal.

Definition 2.9 [14]. Assume that a fixed set A is non-empty. The Neutrosophic
set § Object having the format: S = {{4,uc(a),o:(a),y.(a)) : a € A} where
ts(a),os(a) and yc(a) are represent a membership function's degree namely
ts(a), os(a) represents the degree of indeterminacy while y<(a) represents an

degree from non-membership for any a € A of S.

Example 2.10: Assuming the universe from discourse U = {x,,x,,x5}, where
x, describes the capacity, x, describes the reliability and x5 represents the item
prices Another such assumption is that that values of x,,x, and x5 located in
[0,1] These are derived from surveys completed by professionals. Professionals
have the option to enforce their views in three areas: the degree to which things'
qualities may be explained by their goodness, indeterminacy, or poverty.
Assume that A is a set of Neutrosophic (NS) on U, where,
A={<x,,(03,05,06)><x,,(0.3,0.2,0.3) > < x5,(0.3,0.5,0.6) >},

such that 0.3 is the degree for capacity goodness, degree for capability

indeterminacy is 0.5 and 0.6 is the degree of capacity falsehood, etc.

Definition 2.11 [15]. Assume any ring as R. Another ring that may be generated
underneath the operations of R by R and I is the Neutrosophic ring (R U I).
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Example 2.12: Assume that Z be any ring of integers;
(Zul)=1{z, +z,1:z,,z, € Z}. An integer ring referred as the Neutrosophic

ringis(Zul).AlsoZ € (ZuUl).

Definition 2.13 [16]. Let p= (p*,p/,puf) be any non-empty Neutrosophic
subset of a #-semiring A (i.e. anyone of p* (a),u’ (@) or pf (a) # 0; a € A).
Then p referred to as a Neutrosophic left ideal of 4,V a,b € Aand ¢ € B if:

i pf(a + b) = min{p* (a),1* (D)} p" (ayb) = p* (b)

ii. p/(a+b) = m,uj’ (ay b) = p/(b)
iii. pf(a+ b) < max{p® (a),p* (B)},1° (ab) < p® (b).

In the same way, the Neutrosophic right ideal of A may be defined.

Example 2.14: A and y are the semigroups of all not positive integers and all

not positive even integers respectively that are additive and commutative. After

that A is a g -semiring if ay b represents the represents multiplication from
integers a, ,¥, a, where a,,a, € A and ¢ € 5. Define a Neutrosophic subset p
of A as follows

(1,0,0)ifw = 0
n(w) =4 (0.8,0.3,04)if wis even
(0.3,.02,0.7) if w is odd

Then p of A is an ideal that is Neutrosophic.

Definition 2.15 [17]. Remember that in order for a ring A to be considered
Noetherian, it must meet the following three comparable requirements:

(1) maximum elements (the maximum condition) exist in all nonempty sets
from ideals of A.

(2) Every ascending sequences of ideals are stationary (the ascending chain
condition (A.C.C)))
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(3) Every ideal of A is f-generated.

Definition 2.16 [18]. An R-module is considered free if it is isomorphic to
another R-module of the type @,.,M;, where each M, = R (in the sense that it is

an R-module). The notation for such a module is R®.

Definition 2.17 [6]. Let R be aring, M be R-module and defined g,,: M — M**
as: [oy(my)1(f) = f(my), f € M", my, € M. Then M is torsionless iff g,, is a

R-monomorphism.

Definition 2.18 [19]. Assuming that M be an R-module also letm, € M,V i eI,
s.t. I represents some indexing set. Now if M = .., Am,, then {m;|i € I}is

referred to as the set generators of M.

Definition 2.19 [19]. For R-modules M with an finite number from generators,

S0 we say to be it is finitely generated.
Definition 2.20 [20]. If Z(M) = M, such that Z(M) ={m & M : mlI = (0),

for some essential ideal I of R}. Then R-module M is said to be singular.

Definition 2.21 [21]. If for every homomorphisms R-module ¢: N — W and
P: N — M where ¢ is injective, there exists an R-linear homomorphism

N:W — Msuchthat 2o ¢ = 1. Then R-module M is said to be injective.

Definition 2.22 [22]. Let M & K is the free R-module s.t. K is each module on

R. After that an R-module M is said to be projective.

Definition 2.23 [23]. All proper submodules of the non-zero R-module M must

be small submodules of M for M to be a hollow module.
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Definition 2.24 [24]. The R-module M that is non-trivial is referred to as semi

hollow if all proper submodule from M is a semi small submodule from M.

Definition 2.25 [18]. An R-module M is referred to as local lifting if a module
M have the maximal submodule N that is unique. There are a submodules A and

Bof Nwhere M = A& B and N n B is small submodule of B.

3. Auxiliary results
We begin with the following lemmas which needs its in the our main results.

Lemma 3.1. [25]. Consider a ring R is Noetherian. Hence, the following criteria
are equivalent:

1) Risan Q-F ring.

2) All R-module is submodule from free R-module.

3) All R-module is torsionless.

4) All f-generated R-module is torsionless.

5) All f-generated R-module represents submodule of an free R-module.

Lemma 3.2. [26]. Assume that C is an cyclic R-module. We say C = R/ A such
that A is an ideal in R.

1) C* = ann (A) as an R-modules.

2) Cistorsionless if and only if A4 is annihilator.

3) C is reflexive if and only if A is annihilator and all R-homomorphism

ann(A) — R yields the result of multiplying by an element of R.

Lemma 3.3. [27]. The ring R is said to be Q-F iff it is a ring that is Noetherian
in addition to relationships s(d(I)) =1 and d(s(J)) =] are applicable for all

ideals J and I from R.
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Lemma 3.4. [28]. Assume that M is a module. Then a module M is considered
an f-generated hollow module iff it is has a unique maximum submodule and is
cyclic.

Lemma 3.5. [29]. The Noetherian state of R/socle(R) and the injectivity from
every simple R/socle(R)-modules follow based on the reality that every cyclic

singular R-modules are injective.

Lemma 3.6. [30].

Consider the ring R where each cyclic is injective. In such case, R is an Artinian

semi simple.

Lemma 3.7. [31]. These two options are analogous:

1) All cyclic modules in a ring R are extensions from injective modules in a

projective module.

2) It is true that all singular module certainly injective.

Lemma 3.8. [18]. Assume that the module M is an f-generated. Then M is local

lifting iff M has a unique maximum submodule and is cyclic.

Lemma 3.9. [18]. Assume that M is an R-module. M/N is local lifting module

if M is local lifting module for all N proper submodule of M.

Lemma 3.10. [18]. Every a local lifting module is indecomposable module.

Lemma 3.11. [18]. Assume that M is R-module. A module M is local lifting iff

M is a lifting and cyclic module.

4. Main Results

In this part, we present some different rings and modules and their relationship

with the Neutrosophic Quasi-Frobenius Ring.
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Definition 4.1. A Neutrosophic ring (R U I) is referred to as Neutrosophic self-
injective ring if (R U I) represents injective as the Neutrosophic module on

itself (i.e., (R U I) is Neutrosophic injective as a left or right (R U I')-module).

Example 4.2: Let (RUl)=(Zul)/n(ZulI) for any integer n = 1. Then
(R U I) is a Neutrosophic self-injective. Because (Z U I})/n(ZuU 1) is a finite

Neutrosophic ring, hence Neutrosophic Artinian, and it is Neutrosophic quasi-
Frobenius ring implies that it is Neutrosophic self-injective. In addition, as a
Neutrosophic module over itself, every homomorphism from as Neutrosophic
ideal into (RUI) extends to all of (RUI). Thus, (ZUul)/n(ZUl) is a

Neutrosophic self-injective ring.

Definition 4.3. A Neutrosophic ring (R U I') is said to be Neutrosophic Artinian
If (R U I) satisfies the descending chain condition (D.C.C): all descending chain
from Neutrosophic ideals of (Rul),

(K,uh=2(K,uh)=2---2(K,ul)2(K,,., Ul)=2---isstationary.

Example 4.4: Assume (K(t) UI) is the Neutrosophic polynomial ring in the
variable t accompanied with coefficients in a Neutrosophic field K. Then for
each positive integer n, the residue ring consisting of (K(t) U I)/(t™) is both
Neutrosophic Artinian and Noetherian. Reason being, a vector space
(K(t) v /(&™) is finite and has n dimensions.

Definition 4.5. Any Neutrosophic ring that does not have an infinite escalating
chain from right (or left) Neutrosophic ideals is referred to as left (or right)
Neutrosophic Noetherian.

In this particular instance from above definition we say that the ring satisfy the
(A.C.C) on the left (or right) Neutrosophic ideals.
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Note: A Neutrosophic ring (R U I) is called Neutrosophic Noetherian if it is

Neutrosophic Noetherian both left and right.

Example 4.6: Consider the Neutrosophic ring from integers (Z U I'). Look at an
Neutrosophic ideal in (Zul) of the form
(Kul)=(6I)={6nl|nl € (ZuUl)} are f-generated by the single element
61. In fact, every Neutrosophic ideal in (Z UI) is generated by one integer.
Therefore, all Neutrosophic ideals are f-generated. Hence (Zul) is an

Neutrosophic Noetherian ring.

Definition 4.7. If (RuUI) is a Neutrosophic self-injective and Neutrosophic

Artinian ring, or if it is Neutrosophic self-injective and Neutrosophic

Noetherian ring, then it can be called Neutrosophic Q-F ring.

Example 4.8: Where m is any positive integer and (R UI) represents an

Neutrosophic integers ring. After that, an Neutrosophic quotient integers ring

modulo m is Neutrosophic Q-F ring because (RUI) is an Neutrosophic

commutative, finite and primary ideal.

Theorem 4.9. An Neutrosophic Noetherian ring (R U I) is referred to as Q-F iff

all cyclic (R U I')-module is torsionless.

Proof: Assuming that (RUI) is Neutrosophic Q-F, we know from [32,

Exercise 15.7] also Lemma 3.1, all Neutrosophic (R U I')-module is torsionless.

Conversely, assuming all Neutrosophic cyclic (R U I')-module is torsionless.
Through Lemma 3.2, we have each Neutrosophic ideal from (RUI) is
annihilator. Considering (RuI) is Neutrosophic Noetherian, (RUI) is

Neutrosophic Q-F from Lemma 3.3.
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Theorem 4.10. All torsionless cyclic Neutrosophic (R U I)-modules that not
iIsomorphic into R and are injective are defined for a Neutrosophic ring (R U I).

After that (R U I) is Q-F ring.

Proof: Assuming (R U I) is the Neutrosophic ring also assume that (M U I') is
Neutrosophic torsionless cyclic module and it is not isomorphic into (RU I) is
injective. Then Lemma 3.5, refer to (RUI)/socle(RUI) is a Neutrosophic
Noetherian. If socle(RUI) # 0, after that (Rul)/socle(RUI) is a

Neutrosophic semi simple Artinian by Lemma 3.6, because all quotient of that

Is annihilated through socle(RUI), and (RUI) is not. Assume
(RUI) #socle(RUIl). Let yle(Rul), yI(RUI) /socle(vI(RUI))
simple. If socle( yI(R U I) ) is length that is not finite, afterward
socle(yIIRUD) = S®TH U,

where the lengths of S, T and U are infinite. Because for yI(R U I) then S is not
direct summand, yI(RuUlI) /S is not projective. Hence yI(RUI) /S is
injective. Then THU embeds in vi(Rul) /S, and
vIIRuI)JS = E(T)@ E(U) @ K Regarding a few injective hulls related to
Uand T. Then yYI(RUI) /(SBT ®U) ~ E(T)/T @ E(U)/U @ K It's not
simple, an incongruity. Consequently the socle from yvI(R U I) has the length a
finite. Since any simple submodule from (RU I) is injective, the socle from
vI(RUI) is direct summand from yI(RUI) also yI c socle(RUI).
Consequently (R U I) = socle(RUI) is semi simple Artinian. Hence (R U )
Is Neutrosophic Noetherian ring. Consequently, through Theorem 4.9, (R U I)
IS Q-F ring.
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Theorem 4.11. Consider (R U I') is the Neutrosophic ring and all cyclic module

that is Neutrosophic and torsionless is the direct sum from two modules, one

projective and one injective, in that ring. Then the ring (R U I) is Q-F.

Proof: By Lemma 3.7, every Neutrosophic (R WU I)-module singular is a

Neutrosophic injective, and through Lemma 3.5, we have that

(Rul)/socle (R UI) is a Neutrosophic Noetherian. By the outcome from the

chatter [33, Theorem 3.11], all that has to be shown is that each cyclic module
that is direct sum from two modules: one projective and one Neutrosophic
Noetherian. This is going to ensue if all Neutrosophic cyclic injective module is
Neutrosophic Noetherian. Assume (R U I) is a Neutrosophic injective cyclic
(R U I)-module, also assume S = socle(RUI). After that x(RUI)/xS is
cyclic (R v I)/S-module consequently Noetherian. Should xS does not have a
finite length, it will decomposition into a direct sum €2, X;, where the length
of any X; is infinite. Let E; be an injective hull from X, in x(R U I). As a result,
Ea’

x(RUI)/xS includes the infinite direct sum @2, E;/X; , contradicting the

IS not semi-simple and has an indefinite length as it is cyclic. Then

property that x(R U I) /xS is Noetherian. Consequently, through Theorem 4.9,
(RuUI)is Q-Fring.

Theorem 4.12. A Neutrosophic Noetherian ring (RUI) is referred to as

Neutrosophic Q-F iff all torsionless (R U I')-module is f-generated hollow.

Proof: Assuming that (RUI) is Neutrosophic Noetherian Q-F ring, also
assume (M U I) be a Neutrosophic torsionless (R U I)-module. After that
through Theorem 4.9, we have a module (M U I) is cyclic. We claim, (M u I)
having a unique maximal Neutrosophic submodule, say (E U I), then (M U I)

be a Neutrosophic f-generated. Let (L U I') be a proper Neutrosophic submodule
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from (Mul) with (Kul)+@Dul)=(MuUlI), where (DUI) is the
submodule of (M U ). Now, if (DUI) =+ (MulI), then (DUI) is an proper
submodule from (M U I), and hence (D U I) is contained in a submodule that is
maximal, since (M U I') f-generated. However, through our claim (M U I') has a
submodule (E U I) that is unique maximal, consequently (K U I') is contained
in (EUTI). Therefore, (KUI)+(EUIl)=(EUl)=(MuUI), which is a
contradiction. Hence, (DUIl)=(Mul), thus, (KUI) < (MuUI). That is,
(M U ) is a hollow module. Consequently, through Lemma 3.4, (M U I) is f-

generated hollow module.

Conversely, assuming that (M U I) be a Neutrosophic torsionless f-generated
hollow module, then

(MUI)=((RuDmJI+RuDmI+-+ (RuDm,I

for mJle(Mul) and i=12,..,n if (Mul)=(Rul)m,I , then
(Rul)myl is a proper submodule of (Mul), which implies that
(Rul)m,Il <« (MuUT). Hence,

(MUID) = RUDmI+ RUDmMyl+ -+ (RUDm,I

Just keep going back to this line of reasoning until we get
(Mul)=(RuIl)m,I for some i. Thus (M UTI) is a cyclic module. And from
the hypothesis (M U I) is torsionless, consequently, by Theorem 4.9, (RU ) is
a Neutrosophic Q-F ring.

Theorem 4.13. An Neutrosophic Noetherian ring (RUI) is referred to as

Neutrosophic Q-F iff all torsionless (R U I')-module is f-generated semi hollow.

Proof: Assuming that (R U I) is an Neutrosophic Noetherian Q-F ring, and
assume (M U I) is a torsionless (R U I')-module. Then by Theorem 4.9, we have

(M uUI) represents Neutrosophic cyclic (R UI)-module. After that it is
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Neutrosophic f-generated and consequently all proper Neutrosophic submodule

of (M U I) contained in maximal Neutrosophic submodule, but by Lemma 3.4,
(M U I) has a Neutrosophic submodule that is unique maximal. Therefore is a

Neutrosophic semihollow module.

Conversely, assuming that (M uUlTl) is a torsionless semihollow and a f-

generated, therefore it is local. Consequently, is a Neutrosophic hollow and we
have f-generated. Hence is a Neutrosophic cyclic and then by Theorem 4.9,
(RuUI)is Q-Fring.

Theorem 4.14. Assuming that (M U I') is non-zero Neutrosophic module. Then
an Neutrosophic Noetherian ring (R U I) is referred to as a Neutrosophic Q-F
iIff every Neutrosophic torsionless (R WU I)-module is hollow and

Rad (MUI) = (MU

Proof: Assuming that a ring (R U I') is the Neutrosophic Noetherian Q-F, and
assume (M UI) be a torsionless Neutrosophic hollow module, then by
Theorem 4.9, (M uUI) represents Neutrosophic cyclic module. After that
(M U I is the Neutrosophic f-generated module. Consequently, (M U I) has a
submodule that is maximal, which suggests that Rad (MU I) = (MU ).

Conversely, assume that (MUI) is a torsionless hollow module and
Rad (Mul)= (MuUlI), then Rad (MuUl) <« (MuTI) . also through Lemma
3.4, Rad (M uI) is the maximal submodule that is unique from (M U I) and
thus (M UI)/Rad (M UI) represents simple module and hence cyclic. We
claim that (MUI)=(Rul)ml. Let wle(Mul then
wl +Rad (MUI) € (MUI)/Rad (M U I), and therefore there is v € (RUI)
st. wl+Rad (MUI)=rI(ml+Rad(MUI))= (rI)(ml) + Rad (MUI).

i.e., wI — (rI)(mI) € Rad (M U I), which implies that wI — (+I)(mI) = y for
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some v € Rad (M UI). Thus
wl = (r)(ml) +y € (RUI) ml + Rad (MU ), hence
(MUI)=(RUI)mI+Rad (MUI). But Rad (MUI) <« (MUI) implies
(M u ) cyclic (R uI)-module. Consequently, through Theorem 4.9, the ring
(RUI) is Q-F.

Theorem 4.15. Consider (M U I') be the non-zero Neutrosophic module. Then
the Neutrosophic Noetherian ring (RUI) is referred to as Q-F iff every
Neutrosophic  torsionless (R U IN-module is  semihollow Plus

Rad(MUTI) = (MUI).

Proof: Assuming that a ring (RUI) is Neutrosophic Noetherian Q-F, and
assuming (M U I) is Neutrosophic torsionless semihollow module, then by
Theorem 4.9, We possess a module (M U I') is the Neutrosophic cyclic. After
that (M UI) represents f-generated (R UI)-module. Thus, (MUI) has a
submodule that is maximal, which suggests that Rad(M U I) = (MU I).

Conversely, assume (M UI) is an Neutrosophic torsionless semihollow and
Rad(Mul)+ (Mul), therefore (MUI) is a local Consequently (M uUI)
Neutrosophic cyclic (R U I)-module. Consequently, through Theorem 4.9,

(R U I') represents Neutrosophic Q-F ring.

Theorem 4.16. A Neutrosophic Noetherian ring (R U I) is referred to as Q-F if

all Neutrosophic torsionless (R U I')-module is simple.

Proof: Assuming that (R U I) be the Neutrosophic Noetherian ring and assume
(M U I) is an Neutrosophic torsionless simple module and mI € (M U ). Both
(Rul)ml and B={cle(MUID|(RUl)cI=01} are submodules from

(M U ). Because (M U I) is an Neutrosophic simple, then any of them is either
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0or (Mul). But (RU(MuUI)=+0 leads to B = (M ulI). Consequently
B =0, whence (Rul)al=(Mul) for every non-zero mlI € (M UI).
Therefore (M U1I) is cyclic. Consequently, through Theorem 4.9, (RulI)

represents Neutrosophic Q-F ring.

Theorem 4.17. A Neutrosophic Noetherian ring (RU ) is referred to as
Neutrosophic Q-F iff every torsionless Neutrosophic (R U I)-module is an

local.

Proof: Assuming that the Neutrosophic Noetherian ring (R U ) is Q-F, and
assume (M U I') be an Neutrosophic torsionless (R U I')-module. After that by
Theorem 4.9, we possess (M uUlI) is cyclic (RuUI)-module also through
Theorem 4.12, (Mul) is a f-generated hollow. Hence (MUI) has a
submodule that is maximal say (E U I). Assume the proper submodule from
(Mul) is (Kul), if (Kul) is not contained in (Kul), then
(KuD+(Eul)=(Mul), but (MulI) is a hollow module, thus
(Eul)=(MuI), consequently, a contradiction arises. This suggests that each
appropriate submodule of (MuUI) is found in (EUI), ie, (MUlIl) has a

maximal submodule that is unique and contains all proper submodule from
(MuI). Hence (M uI) is alocal module.

Conversely, assuming (M U I) is Neutrosophic torsionless local (RUI)-
module then it has the maximal submodule (E U I) that is unique by definition
of local module which contains every proper submodule from (M uUlI).
Assuming wie(Mul) with wli& (Eul) afterward (RUl)wl is a
submodule from (MuUI). We argue that (Rulwl=(MUI). If not
(R U I)wI is an proper submodule from (M UI), hence (RUl)wl < (EUI)

that means wl € (E UI) this results in a contradiction. Thus, (MUI) is
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Neutrosophic cyclic module. Consequently, by Theorem 4.9, (RUI) is Q-F

ring.

Theorem 4.18. A Neutrosophic Noetherian ring (RU ) is referred to as
Neutrosophic Q-F if (M U I) is an Neutrosophic torsionless and local lifting

(RuUI)-moduleand Rad(MuUl) = (MUI).

Proof: Assuming that the Neutrosophic ring (RUI) is an Noetherian and
(M u ) is an Neutrosophic torsionless and local lifting (R U I)-module and
Rad (M uUl) # (MU, thus, there is a uniqgue maximal submodule (N u I) of
(M u I') and each submodule from (N U I'). Here exists submodules (E u I') and
(Ful) from (Nul) where (Mul)=(Eul)g(FuUl) and
(NuDn(Ful) is small submodule of (Ful). After that
(Mul)=(Mul)@ {0}, where {0} is submodule of (NuUI),
(NuDn(Mul)=(Nul)andsince (M uUI) is alocal lifting module. Then
(Nuhn(Mul)=(Nul)issmall submodule from (MU I). Thus (MuUI)
Is an Neutrosophic hollow module. Hence through Theorem 4.14, (RuU I) is Q-

F ring.

Theorem 4.19. Let (M U I) represents the Neutrosophic torsionless (R U I)-
module. Then a Neutrosophic Notherian ring (RUI) is referred to as
Neutrosophic Q-F if Rad(MulI) is small and maximal Neutrosophic

submodule in (M U I).

Proof: Assuming that the Neutrosophic ring (R U ) is an Noetherian also
assume (M U I) is an Neutrosophic torsionless (R U I')-module. Suppose that
Rad(M u ) is a small and maximal submodule in (M U I). First we want to

demonstrate that Rad (M U I) is a maximal submodule in (M UI) that is
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unique. suppose (D U I) is another submodule in (M U I') that is maximal, then
(MUI)=(DUI)+Rad (MUI), but Rad (M UI) « (M uI) which implies
that (Dul)=(MuUI), which is a contradiction. Thus Rad (MUI) is a
maximal submodule in (M U I) that is unique. We assert ownership of all
proper submodule from (M U I) found in in Rad (M U I). Assuming (E U I)
represents proper submodule from (M u ), so if (E ulI) is not contained in
Rad (MU ), then (EUI)+Rad (MUI) =(MuUID. But
Rad (MUlI) << (M uUlI) which implies that (EUIl)=(MUI) then we get
contradiction. Consequently a module (M U I) is Neutrosophic local. Thus,

through Theorem 4.17, (R U I) represents Neutrosophic Q-F ring.

Theorem 4.20. A Neutrosophic Noetherian ring (RU ) is referred to as
Neutrosophic Q-F iff every non-zero torsionless factor module of (M U ) in

decomposable.

Proof: Assuming that the ring (R U I) is Neutrosophic Noetherian Q-F, also
assume (M U I) be a non-zero Neutrosophic torsionless factor module. Then
through Theorem 4.9, We possess (M U I') is Neutrosophic cyclic (RUI)-
module. Assume (M U I)/(DuUI) # 0 is a factor module from (M U I). Given
the Lemma 3.4 and Lemma 3.8, we possess (M UI) is a module for lifting
locally. So (Mul)/(Dul) represents module to lifting locally through
Lemma 3.9. Thus through Lemma 3.10, we obtain (MU I)/(DuUI) be an

decomposable.

Conversely, Assume (D U I') is maximal submodule from (M U I') and assume
(Lul) is a non-zero submodule from (DuUI). suppose that
(Mul)=(Lul)+ (Kul), where (KUl) is submodule from (MuUlI)
through [34, lemma 1.2.10], we acquire
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MUD/LUDNKUD=MUD/(LUD@®MUD/KUI. But
(MuD)/(Lul)n (KUl is in decomposable then by second isomorphism
theorem. Ether (MU )/(EUI)=0o0or (MUI)/(KulI)=0. Since (LUI) is
submodule of (Du ), and (DU I) is submodule from (MU I). Then (LUI)
represents proper submodule from (MuUI). Hence (MUD)/(LUI)=+0
implies that (MUI)/(Kul)=0 and hence (MUI)= (KulI). Therefore
(LuT)is a small submodule from (M uUI). Thus (M uUlI) is a Neutrosophic
local lifting module and through Lemma 3.11, (M U ) is cyclic. Thus by
Theorem 4.9, ring (R U I') is Neutrosophic Q-F.

5. Conclusion
In this research article, we studied the relation between torsionless cyclic R-

module and quasi-Frobenius rings. Also we studied some relationships through
which we obtained the cyclic R-module thus we obtained the Q-F ring. In
addition we studied an relation between isomorphic through we obtain the
Noetherian ring and thus we obtained an Q-F ring. Additionally, we studied an
relation between torsionless cyclic module and projective and injective module
which through we garnered the quasi-Frobenius ring. Finally, we discussed
some concepts such as: the singw, local and simple module and Its relationship

to the quasi-Frobenius rings.
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Abstract
Aim:

The aim of the current research is to evaluate the effectiveness of Local
application of alveogyl paste on soft tissue healing after lower molars

extraction.
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Material and methods:

The research included a total of 40 healthy patients between the ages of
18-35 years. Patients were randomly divided into two groups; alveolopaste was
applied to alveogyl group, whereas the control group had no material
application. After using a periodontal probe to measure the extraction socket's
buccolingual width, use a pair of tweezers to administer 50 grams of alveogyl
material using a scale to completely cover the socket's bottom and gently pack it

into place. A periodontal probe was used to measure the width after a week.
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Results:

Bucco-lingual width of soft tissue margins of the socket, were highest on
the first postoperative day and decreased gradually in both control and alveogyl
group during the seven days following surgery. There were statistically
significant differences in bucco-lingual width between control and alveogyl

groups in the seven postoperative days
Conclusions:

After tooth extraction, alveogyl is administered to lessen discomfort and
hasten soft tissue healing. Using alveogyl reduces the risk of developing dry

socket.

1. Introduction

Exodontia or dental extraction (also referred to as tooth extraction,
exodontist, is removal of teeth from dental alveolus (socket) in the alveolar
bone [1]. Extractions are performed for a wide variety of reasons, but most
commonly to remove teeth which have become un restorable through dental
caries, periodontal disease, or dental trauma, especially when they are
associated with pulpitis. Sometimes impacted wisdom teeth cause recurrent
infections of the gum (pericoronitis), and may be removed when other
conservative treatments have failed (cleaning, antibiotics and operculectomy).
In orthodontics, if the teeth are crowded, healthy teeth may be extracted (often

bicuspids) to create space so the rest of the teeth can be straightened [2].

Simple extractions are performed on teeth that are visible in the mouth,
usually with the patient under local anesthetic, and require only the use of
instruments to elevate and/or grasp the visible portion of the tooth. Typically the

tooth is lifted using an elevator, and using dental forceps, specific tooth
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movements are performed expanding the tooth socket. Once the periodontal
ligament is broken and the supporting alveolar bone has been adequately
widened the tooth can be removed. Typically, when teeth are removed with
forceps, slow, steady pressure is applied with controlled force. Surgical
extractions involve the removal of teeth that cannot be easily accessed or
removed via simple extraction, for example because they have broken under the
gum or because they have not erupted fully, such as an impacted wisdom [3].
Tooth Surgical extractions almost always require an incision. In a surgical
extraction we may elevate the soft tissues covering the tooth and bone, and may
also remove some of the overlying and/or surrounding jaw bone with a drill or,
less commonly, an instrument called an osteotome. Frequently, the tooth may be
split into multiple pieces aid in removing it from the socket to assist the

extraction procedure [3].

Wound healing, is a normal biological process in the human body,
wound-healing process consists of four highly integrated and overlapping
phases: hemostasis, inflammation, proliferation, and tissue remodeling. For a
wound to heal successfully, all four phases must occur in the proper sequence
and time frame. Many factors can interfere with one or more phases of this

process [4].

Multiple factors can lead to impaired wound healing. In general terms,
the factors that influence repair can be categorized into local and systemic.
Local factors are those that directly influence the characteristics of the wound
itself, while systemic factors are the overall health or disease state of the
individual that affect his or her ability to heal, Many of these factors are related,

and the systemic factors act through the local effects affecting wound healing

[5].
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The process of the wound being closed by clotting. Happens very quickly. Starts
when blood leaks out of the body then blood vessels constrict to restrict the
blood flow. The platelets aggregate and adhere to the sub-endothelium surface

within seconds of the rupture of a blood vessel's epithelial wall [6, 7].

After that, the first fibrin strands begin to adhere in about sixty seconds.
As the fibrin mesh begins, the blood is transformed from liquid to gel through
pro- coagulants and the release of prothrombin. The formation of a thrombus or
clot keeps the platelets and blood cells trapped in the wound area [8, 9]. The
thrombus is generally important in the stages of wound healing but becomes a

problem if it detaches from the vessel wall and goes [10, 11].

Dry socket” refers to a post-extraction socket where some or all of the
bone within the socket, or around the occlusal perimeter of the socket, is
exposed in the days following the extraction, due to the bone not having been
covered by an initial and persistent blood clot or not having been covered by a
layer of vital, persistent, healing epithelium [12]. The patient may not be able to
prevent food particles or the tongue from mechanically stimulating the exposed
bone, which is acutely painful to touch, resulting in frequent acute pain [13]. All
parts of a dry socket lesion, except the exposed bone, can be gently touched
with a periodontal probe or an irrigation needle tip without causing acute pain.
Dry socket lesions occur in approximately 1% to 5% of all extractions and in up

to 38% of mandibular third molar extractions [14].

A dry socket lesion may show exposed bone located superior to the
projected location of the occlusal surface of the socket after the socket heals.
This bone may be a protruding septum of bone or may be located on the socket
occlusal perimeter. This superiorly-located exposed bone would be the last

aspect of the socket to be covered by epithelium [15].

138



Since the bone, protruding superiorly to the projected occlusal surface of
the healed socket, would be exposed to food particles or mechanical trauma that
may erode epithelium growing over that bone. This bone, if mechanically
stimulated, would be a source of acute pain until the end of the healing period
[16].

The dentist may anesthetize the patient and use a football diamond bur
with copious irrigation to trim this bone to approximately (Imm) inferior to the
projected occlusal surface of the healed extraction socket. Such trimming can
result in the bone becoming immediately coverable by a blood clot or
medicament, thereby reducing the total number of days that this hyper-sensitive
bone is exposed and helping to ensure that epithelium will systematically grow

over the remaining exposed bone of the dry socket [17].

If the protruding bone is located on the socket occlusal perimeter, the
dentist can reduce the bone to a level that is inferior to the occlusal aspect of the
gingival tissue located just lateral to the protruding bone. If the gingiva on the
socket occlusal perimeter is superior to all of the socket bone, a socket blood

clot or dry socket medicament is more likely to cover the bone [13, 15, 17].

Alveogyl is a dry-socket treatment and post-extraction dressing which
every dental office should have on hand. Alveogyl is a one-step, self-
eliminating treatment which rapidly alleviates pain and provides a soothing
effect throughout the healing process. Its fibrous consistency allows for easy

filling of the socket and good adherence during the entire healing process [11].
Indications:
— Dry socket treatment

— Post Extraction Dressing
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Analgesic action due the soothing effect of eugenol on the alveolar tissues. Very
easy to apply because of its fibrous consistency. Easily maintained in the

alveolus. There is no need for Suturing or special attention.

2. Materials and Methods

Forty medically healthy patients were randomly assigned and agreed to
participate in the study, their ages ranged from 18 to 35 years and included

males only.

The diagnosis of the tooth was based on clinical examination and standard

intraoral periapical radiographs [18].

2.1 Inclusion criteria included:
1. Free of inflammation and infection of tissue at the time of the surgical
procedure.
2. Medically fit, not allergic, not taking any medication that could interfere

with the study drugs.

2.2 Exclusion criteria included:

1. History of compromised medical health, history of allergic reactions, or
hypersensitivity to the medications used in the operative work.

2. Patients receiving chemotherapy or radiation therapy.

3. Patients needing total extraction or with severe periodontitis, and patients
who had any other oral pathology.

4. Patients’ rejection of being involved in the research or those who could
not commit to follow-up visits or those who used other drugs during the
research period.

The patients were arbitrarily allocated to one of the two treatment groups:

Group | included 20 patients allocated to alveogyl paste

Group Il included 20 patients without alveogyl paste

140



Indicated teeth lower first and second molars were extracted under local
anesthesia gained by inferior alveolar nerve, lingual and long buccal nerve

block injections using 1.8ml of 2% lidocaine with 1:80,000 adrenaline.
All patients were instructed to:

1. Eat soft and cold diet for the first 24 hours after operation

2. Do not rinse for 24 hours.

3. Do not smoke for 72 hours.
After measuring the buccolingual width of the extraction socket using
periodontal probe (Figure 1), using a pair of tweezers apply Alveogyl
material of about 50 grams using scale to adequately cover the bottom of the
socket and pack gently into place. After 1 week, the width was measured

utilizing periodontal probe as in (Figure 2).

Figure 1: Buccolingual width of the socket measurement
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Figure 2: Healing after 1 week.

3. Results

The sample sizes (N), means, standard deviations (StDev), and standard errors
(SE Mean) for the group after "Alveogyl Group." and the group “after without
Alveogyl "are compiled in the first table. With a T-Value of -2.51 and a
statistically significant P-Value of 0.018, the second table displays the results of
the two-sample t-test, which demonstrates a significant difference in means
between the two groups.

Table 1. Comparing After Alveogyl Group. Vs. After Without Alveogyl Group.

Group N Mean StDev SE Mean
After Alveogyl .Group. 20 3.9750.993 0.22

Without. Alveogyl .Group. 20 4.600 0.503 0.11
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Value

Statistic

T-Value -2.51

P-Value 0.018

Hypothesis Tested Difference = 0 (vs #)

The table 2 summarizes the sample sizes, means, standard deviations, and
standard errors for the groups "Before Alveogyl Group." and "After Alveogyl
Group." With a T-Value of 14.32 and a highly significant P-Value of 0.0006.
This indicates a substantial decrease in the measured outcome after the

intervention involving "Alveogyl Group."

Table 2: Descriptive Statistics for Before Alveogyl Group and After Alveogyl

Group
Group N Mean StDev ~ SE Mean
Before Alveogyl Group. 20 7.550 0.510 0.11
After Alveogyl Group. 20 3.975 0.993 0.22

Two-Sample T-Test Results for Before Alveogyl Group vs. After Alveogyl
Group.

Value
Statistic

T-Value 14.32
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Value
Statistic

P-Value 0.0006
Hypothesis Tested Difference = 0 (vs #)

In figure 3 implies if the "Alveogyl Group" is present or not. Impacts the

measured
outcome.
Interval Plot of Bef.Alv.Gro., Aft.Alv.Gro., ...
95% CI for the Mean
8
7
o 6
T
()
5
4
3
Bef.Alv.Gro. Aft.Alv.Gro. Bef.WOQ.Alv.Gro. Aft. WO.Alv.Gro.

The pooled standard deviation was used to calculate the intervals.

Figure 3: Blot between the groups.

4. Discussion

The purpose of this study to measure the efficacy of alveogyl paste on the
wound after tooth extraction, alveogyl paste can reduce the probability of dry
socket and accelerate the healing process, we aimed to measure the effects of

alveogy| paste on soft tissue healing after tooth extraction [16].
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There were many obstacles we had to overcome in this study, including

the patients don’t commit to the follow up date.

Dry sockets are more common after surgical or traumatic extraction. Similarly
traumatic extraction can also lead to traumatic thrombosis of vessels in socket
resulting in delayed healing and wound infection [12, 19]. The main aim in the
treatment of dry sockets is to relieve pain. Various materials have been placed
in extraction sockets for this purpose [15]. Alveogyl was the one of the most
commonly used materials. Alveogyl contains eugenol which has a soothing
effect and relieves the pain, these properties are often desirable in the presence

of inflammation to reduce postoperative pain [20].

The results of our study come in acceptance with result by previous studies
done by Ahmed salem et al. who concluded that Alvogyl showing higher pain
relief and healing capability, as evidenced by clinical signs of improvement

attributed to its components [21].
5. Conclusions

Alveogyl administration after tooth extraction reduce pain and accelerate socket
healing and soft tissue closure. Alveogyl use decrease the probability of dry

socket.
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Abstract

Smartphones occupy a significant portion of our daily lives, offering a wide range of
services. However, with increased usage comes a heightened risk of bacterial
contamination. This study aimed to assess the extent of bacterial contamination on
mobile phones used by students of the College of Education in Rustaqg.
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A total of 34 random samples were collected from students' mobile phones using
sterile swabs. These samples were cultured on appropriate media and incubated for 24
hours. The results revealed the presence of 189 bacterial colonies belonging to five
genera, with Staphylococci being the most prevalent, accounting for 73.20% of the
isolates. Among these, Staphylococcus epidermidis represented 51.60%, Coagulase-
negative Staphylococci (CoNS) accounted for 15.30%, and Staphylococcus aureus
made up 6.30%.

Microscopic examination also identified the presence of Escherichia coli (E. coli),
highlighting the potential risk of pathogenic bacterial contamination on mobile
phones. These findings underscore the importance of maintaining proper hygiene
practices in handling personal devices.
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Abstract:

Carbon nanospheres (CNSs) are one of the groups of carbon nanotubes
formed as a by-product in the manufacture of carbon nanotubes (CNTS).
CNSs have a size between 50 nm to 1 pum and can be empty or filled balls.
CNSs have dangling bonds that cause their reactive properties. CNSs are
widely studied as catalyst supports, adsorbents, or battery and
supercapacitor electrodes. This study synthesised CNSs using activated
carbon (AC) support. The iron catalyst was derived from ferrocene,
Fe(CsHs),. Meanwhile, cooking oil was used as a carbon source to form
CNSs. The cooking oil, catalyst, and activated carbon mixture were then
carbonised using an electrical furnace at 700°C for 1 hour with a nitrogen
atmosphere. In this experiment, the initial catalyst concentration was
varied from 2.5, 5, 7.5 and 10g catalyst/100 ml cooking oil, with the ratio
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of activated carbon to cooking oil 1:3 (w/w)—product characterisation
using XRD, BET surface area analysis, Raman spectroscopy, EDS, and
XPS. The surface morphology of activated carbon was observed by SEM
and TEM analysis, and the results showed that from the synthesis carried
out, CNSs were formed, composed of C (002) and C (100). It can also be
observed that the larger the catalyst used, the more CNSs were formed. As
the amount of catalyst increased, the iron and oxygen content in the sample
was also observed by EDS measurements; based on XPS analysis, there
was no change in the composition of functional groups on the surface of
AC. A decrease in the surface area of AC was observed in each sample,
with a maximum reduction of 50%. This resulted in a decrease in the
adsorption capacity when used as an adsorbent. Its performance was stable
when the 2.5g/100mL sample was tested by cyclic voltammetry as a
lithium battery anode.

key words: activated carbon, iron catalyst, cooking oil, CNSs
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Introduction :

Carbon nanosphere (CNSs) are by-products of the manufacture of CNTs.
Carbon atoms' pentagonal and hexagonal arrangement, in addition to
forming shapes such as CNTs and CNFs, can also form CNSs [1]. Based on
their size, these spherical structures can be distinguished into Cn and
graphitic carbon onions with diameters between 2-20nm, carbon
nanospheres with a lower graphitic structure with a diameter between 50nm-
100m, and carbon beads with a diameter above 100m [2]. The structure of
CNSs is unique because the sphere shape is not perfectly closed, so there are
many dangling bonds [3]. This provides high chemical activity so CNSs can
be used for various applications, such as catalyst support, adsorbent in
wastewater treatment, and electrochemical capacitors [4].

Several researchers [5-7] have synthesised CNSs using ferrocene as a
catalyst. Hans Kristianto et al. (2015) [8] synthesised CNSs using ferrocene
as a catalyst and carbon source. Hollow CNSs were successfully synthesised
using ferrocene at a pyrolysis temperature of 700°C for 1 hour in a nitrogen
atmosphere autoclave. The synthesised CNSs had a 50-150nm diameter with
a wall thickness of 15nm. Yi et al. (2005)[9] carried out synthesis with
various hydrocarbon sources such as styrene, toluene, benzene, hexane,
cyclohexane, and ethane. The synthesis was carried out by the CVD method
at temperatures between 900 to 1200°C. At a catalyst concentration of 0.5%
by weight, the main product was CNSs, and several CNTs were observed,
while at a concentration of 3.5%, the main product was CNTSs. In addition to
the catalyst concentration, the amount of feed fed into the reactor determines
the product obtained. In the study of Zhang et al. (2010) [10], at a carbon
source that was too little or too much, the product obtained was CNSs or
CNTs with a relatively short length or amorphous carbon. The research
conditions used were a quartz reactor with two heating zones. Acetylene feed
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was fed continuously with argon gas; the reaction temperature was 1050°C,
with a ferrocene catalyst.

Hans Kiristianto et al. (2015) research has been conducted on the variation of
concentration and method of catalyst deposition on the surface of AC to
synthesise CNSs. Fe (NO3)3.9H,0 catalyst deposition by the impregnation
method successfully synthesised CNSs along with the increase in the amount
of catalyst, from 5, 7.5 and 10% wi/w, the CNSs obtained are increasing.
However, it is not homogeneous on the entire surface of AC. Another method
by Nafradi et al (2016) [12] that has been used is catalyst deposition using
the urea coprecipitation method, with an iron: urea ratio of 1:3. In this study,
the initial concentration of the catalyst was varied, namely 10, 20, and 30%
wi/w to activated carbon. From the results of the SEM analysis, it can be seen
that increasing the catalyst increases the number of CNSs deposited on the
surface of AC. From the XRD results (not shown here), it is known that
C(100) is formed, which is seen at the 26 peak (43°). This indicates the
formation of the C sp? configuration commonly found in CNSs (Han, Jung et
al., 2014). Observation of the characteristics of CNSs can be done by several
methods, namely SEM and TEM, to see the morphology and diameter, then
XRD and Raman Spectroscopy to know the degree of graphitisation (Nieto-
Marquez, Romero et al., 2010). According to Lou et al. (2020) [11], this is
due to the structure of CNSs, which have reactive edges and tend to form a
combination of several spheres. In previous studies, CNSs were synthesised
on the surface of AC support with an iron catalyst from Fe (NO3)3.9H,0
using the impregnation catalyst deposition method [13] and urea
coprecipitation deposition [14]. CNSs are made using precursors derived
from biomass, namely cooking oil. Several researchers have carried out the
manufacture of nanocarbon from biomass raw materials [8, 14]. However, it
is still rarer than simpler carbon raw materials, such as benzene, toluene,
acetylene, etc. Meanwhile, manufacturing CNSs with activated carbon
support is the first time it has been done. The CNSs synthesis method is a
simple pyrolysis method, where the precursor is not fed continuously but in
batches, namely at the beginning before pyrolysis.

Based on the above discussion, the current research is being developed to
study the characteristics of CNSs obtained from cooking oil precursors with
ferrocene iron catalysts on the surface of AC and the effect of the initial
concentration of iron catalysts on the CNS products obtained.
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2. Materials and methods
2.1. Research design.

The materials used are Activated carbon (Merck), Ferrocene [Fe(CsHs)2()],
Aguades & N; gas. They were cooking Oil. The research aims to determine the
operating conditions for manufacturing CNSs with activated carbon support.
The support used is commercial activated carbon (Merck, India), using
ferrocene catalyst Fe(CsHs), (Sigma Aldrich), and commercial cooking oil (Rice
Bran oil, Henan co. Iraq) as a carbon source.

In general, the steps of this research are divided into two parts: catalyst
deposition and CNS synthesis. CNSs synthesis is carried out by mixing cooking
oil, activated carbon and ferrocene, then pyrolysed at a temperature of 700°C for
1 hour in a nitrogen atmosphere, with a nitrogen flow rate of 1L/min. The
sample is then allowed to cool in a nitrogen atmosphere before removal. The
dried product is stored in a desiccator. The experiment was conducted by
varying the catalyst ratio, namely 2.5, 5, 7.5 and 10g catalyst/100 ml cooking
oil, with the ratio of activated carbon to cooking oil, 1:3 (w/w). The products
obtained were characterised using XRD (Bruker D8 Advance, Cu-Ka radiation),
SEM-EDS (JEOL JSM-7800F is equipped with EDS), XPS (PHI 5000
VersaProbe 111, with an Al-Ka X-ray source at 117.4eV) TEM (JEOL
JEM2100), Raman tests (Wasatch Photonics 405nm Raman Spectrometer) and
Surface area test using the BET method (Micromeritics apparatus NOVA
1000/3200e Quanta chrome). Synthesis of CNSs with ferrocene iron catalyst
shown in the following scheme-1

2 grams of activated carbon mixed with oil and ferrocene at a specific ratio

|

Mix stirred until forming a paste

|

The mixture was pyrolyzed at 700°C for 1 hour.

The product is allowed to cool in a nitrogen atmosphere.

7

The dried product is stored in a desiccator.
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Scheme-1. How the iron catalyst deposition works on the surface of AC

The adsorption performance test with methylene blue is shown in the following
scheme: 2

A 250 mL solution of methylene blue dye at a concentration of 5, 10, 15, 20,
and 25ppm was put into a 250 mL Elmmeyer flask.

|

%T of dye solution before adsorption 1s measured at A,

|

A total of 20 mg of sample was added to each prepared solution.

The mixture was stirred with a shaker for 24 hours.

I

%T of the dye solution after adsorption is measured again

Scheme-2: How methylene blue adsorption works

The adsorption performance of the samples was tested using methylene blue at
various concentrations. The samples tested were all samples, plus standard
activated carbon as a comparison. The results of concentration measurements at
the beginning and end of adsorption are used to determine the Langmuir
adsorption isotherm. Adsorption isotherm analysis is used to determine the
maximum adsorption capacity and adsorption isotherm constants. The adsorbent
capacity at equilibrium is calculated from the adsorption process using Equation
1. The Langmuir adsorption isotherm equation is presented in Equation 2 [16].

qs = (Co — Co) (Eq. 1)

Ce 1

Vv
C adsorbent

+Qi x C, (Eq.2)

dg Kg.Qm

Where g, is the adsorption capacity at equilibrium, G, is the initial
concentration, C, is the equilibrium concentration. Adsorption data at various

initial concentrations are plotted with a graph following equation 3.2 so that the
maximum adsorption capacity (@,,), and Langmuir constant (K,) Can be

determined [17]. Making cells for lithium battery anodes are shown in the following scheme 3.
How anode cell works analysed in scheme 3
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The carbon, carbon black, and polyvinylidene-fluoride binder samples were mixed in a ratio 0of 85:5:10
(w/w) with a total mass of 1 gram.

The mixture was added with 2 grams of N-methyl pyrrolidone (NPM) solvent to form a slurry.

The slurry is mixed until smooth in a homogenizer for 15 minutes, S000rpm.

|

The slurry was applied to the surface of the Cu foil which had been cleaned with acetone using a 200
micron doctor blade.

The cells are then dried in an oven at 80°C for =30 minutes until the solvent evaporates.

The cells were then pressed using a rolling press at 120°C.

|

Cells were dried in a vacuum oven at 80°C for 4-6 hours.

The dried cells are then cut into circles with a diameter of 1 cm.

The cells were then assembled into a coin, with a Li metal counter electrode, and tested as a Lithium
battery anode.

Scheme 3: How anode cell works

3. Results and Discussion

The effect of catalyst concentration on CNSs products was characterised by
SEM-EDS, TEM, Raman, XRD, BET, and XPS analysis. In addition, initial
application tests were carried out, namely the adsorption of methylene blue dye
and CV tests as lithium battery anodes.

3.1. SEM Characterization

Visually, from the results of SEM analysis, it can be seen that the CNSs
obtained are in the form of a conglomeration of spheres, not as a single sphere
(Nieto-Marquez, Romero et al., 2010). In addition, as the catalyst concentration
increases, the number of CNSs on the surface of AC increases. In addition, SEM
tests were carried out for samples made without ferrocene catalysts, so it can be
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believed that catalysts play a role in forming CNSs from cooking oil. The
results of the SEM analysis are presented in Figure 1.

Figure 1: SEM analysis of CNSs with the catalyst at different concentrations of precursor

3.2 TEM Characterization

The presence of CNSs and iron catalysts can be observed more clearly in the
TEM analysis presented in Figure 2. The results of the TEM analysis show that
at small catalyst concentrations, the amount of CNSs produced is relatively
small. Along with the increase in catalyst concentration, the amount of CNSs
produced is also more significant, so it can be concluded that the catalyst
concentration significantly affects the growth of CNSs. However, it can be
observed from the TEM analysis that the particle size of CNSs produced on
various catalyst variations is similar. This differs from the results obtained using
the urea co-precipitation catalyst deposition method and ferrocene as the
catalyst. In this study, along with the increase in catalyst, the number of CNSs
observed from SEM and TEM analysis increased, was homogeneous, and was
smaller [18-19]. This is thought to be caused by differences in catalyst
deposition methods, where in this study, the ferrocene catalyst, which is well
soluble in non-polar solvents, is mixed directly with the precursor so that its size
depends on the solubility properties and ultimately does not provide a CNSs
size that is much different in variations in catalyst concentration.
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Figure 2: TEM analysis of CNSs with catalyst concentrations at (a) 2.5/100mL, (b) 5/100mL, (c)
7.5/100mL, and (d)10g/100mL. precursor

3.3. EDS Characterization

The presence of an iron catalyst can also be observed from the composition
analysis results on the surface of AC using EDS (Table 1). It can be seen that
along with the increase in the amount of catalyst used, there is an increase in the
number of iron and oxygen atoms on the sample's surface. However, there is a
deviation in the sample with a catalyst concentration of 10 g/100mL, where the
concentration obtained is lower than that of 7.5 g/100mL. This deviation can be
caused by the catalyst not being evenly distributed across the surface of the AC,
so there is a deviation when the analysis is carried out. This is because the EDS
analysis is local, only at one position being analysed, as in the example
presented in Figure 3. Another exciting thing observed is the significant increase
in the number of oxygen atoms, even more remarkable when compared to the
supposed ratio between iron and oxygen in magnetite, which is 3:4. Some
oxygen atoms are suspected to react with the carbon surface, either in activated
carbon or nanocarbon, so that functional groups are formed on the surface of
activated carbon.

X 0 1 2 3 4 5 6 7 8 9
8 [Full Scale 6636 cts Cursor: 0.000 keV

Figure 3: Example of EDS analysis results of CNSs with a catalyst concentration of 2.5g/100mL
precursor

Table 1. EDS analysis results

Catalyst % mass % atomic
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(g/100mL) C @) Fe C O Fe
0 97.39 | 2.68 | 0.00 | 98.05 | 2.03 | 0.00
2.5 88.65 | 811 | 3.27 | 9291 | 647 | 0.74
) 73.74 | 16.47 | 9.79 | 83.56 | 14.01 | 2.38
7.5 58.53 | 23.05 | 18.43 | 73.28 | 21.66 | 4.96
10 71.69 | 1858 | 9.71 | 81.67 | 1590 | 2.37

3.4. XRD Characterization

The results of XRD analysis at various catalyst concentrations are presented in
Figure 4. From the results of the XRD analysis, it can be seen that all samples
generally maintain the amorphous structure of activated carbon as a support for
nanocarbon growth. In each sample, there are peaks at 27.1° and 42.8°, which
indicate the sp? carbon C (0-0-2) and C (1-0-0) [20]. Meanwhile, Fe-peaks
were observed at 29.7° (2-2-0), 36.1° (3-1-1), 45.4° (400), 58.5° (4-2-2), and
64.9° (4-4-0) [21], where the Miller Index is written in brackets. The XRD
analysis showed the magnetite (FesO,4) content on the surface of AC. When
compared with the analysis of activated carbon without a catalyst as a control,
presented in Figure 5, it can be seen that no sp2 carbon or iron peaks appear.
The XRD curve of activated carbon without a catalyst shows broad peaks at
23°-30° and 40°, which indicate the amorphous carbon structure commonly
found in activated carbon [22]. During pyrolysis the ferrocene catalyst
undergoes decomposition based on the reaction: Fe(CsHs),—Fe + CHy. The

iron atoms released from ferrocene are the catalysts in synthesising
nanocarbons. During the pyrolysis process, the oil used decomposes into
simpler hydrocarbons, such as CyHy and CxH,O;, in addition to the formation of
CO and CO,.[23] The carbon molecules from the oil decomposition will build
the nanocarbon structure. It is suspected that the oxygen content from the oil
decomposition then reacts with iron to form magnetite.
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Figure 5. XRD analysis on samples without Figure 4: XRD analysis at various catalyst
catalyst concentrations
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3.5. BET Characterization

The characteristics of the pores of standard activated carbon and activated
carbon deposited by CNSs are presented in Figure 6 and Table 2. Based on the
adsorption isotherm curve, it can be concluded that the adsorption isotherm of
the activated carbon sample shows type IV isotherm based on IUPAC, where
the structure of the deposited activated carbon has a micropore-mesoporous
structure. This is indicated by a hysteresis loop indicating nitrogen condensation
In the mesopores of activated carbon [24].

The distribution of pores is presented in Figure 7. Based on the pore
distribution, it can be seen that the products obtained are mostly micropores
(<20A) and mesopores (20-500A), but the distribution of macropores is not
observed. These results are consistent with those shown by the pore diameter
measurement in Table 2. The iron catalyst and CNSs partially closed the pores,
reducing the surface area and pore volume of activated carbon deposited by
CNSs. However, increasing the amount of catalyst in the synthesis of CNSs did
not provide significant changes to the surface area, pore volume or pore
diameter. In the studies conducted by Nguyen et al. (2022) [25] prepared carbon
nanofibers (CNFs) and Arie et al. (2016) prepared CNSs on the surface of AC,
there was a decrease in the surface area and pore volume due to the closure of
the pores by the nanocarbon product. The reduction in surface area in CNFs
deposition reached 90%, and 96% in CNSs deposition. The nanocarbon
products formed cover all the active carbon pores.
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Table 2. Sample pore characteristics
PoreVolume | Pore Diameter

Sample BET surface| (cm3/g) (A)
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area (m2/g)

AC Standard 781.05 0.64 33.27
2.5 492.15 0.46 37.47

5 488.59 0.47 38.88

7.5 464.91 0.45 39.08

10 488.76 0.47 39.02

3.6. Raman Characterization

Raman spectra of samples at various concentrations are presented in Figure 8.
From the Raman spectra, it can be seen that all samples have peaks at 1334cm?
(D-band) and 1597cm (G-band). The D-band peak indicates a random graphite

structure, while the G-band indicates a regular carbon structure [26]. A
comparison of D-band (Ip) and G-band (lg) intensities can be used to determine
the characteristics of the obtained carbon products. A comparison of the I and

IG of each sample is presented in Figure 9. The Ip/lg value obtained is a typical
value for the range of CNSs products, between 0.84 and 1.2 [27]. The difference
in Ip/lg values at catalyst concentrations of 2.5g/100mL can also be observed in
5, 7.5, and 10g/100mL catalysts. This shows that at low catalyst concentrations,
the carbon nanostructures formed are still relatively few, so the carbon structure

tends to be random (irregular). With the increase in catalyst, the carbon
nanostructures formed become more, so that the G-band peak becomes more
dominant, and it can be interpreted that the carbon product structure becomes
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more graphitic. This is based on the results of the XRD spectra
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Figure 8. Raman spectra of samples at various concentrations
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Figure 9. Comparison of Ipand I at various catalyst concentrations
3.7. XPS Characterization

An XPS analysis was carried out to confirm the suspicion of the formation of
functional groups on the surface of activated carbon. An example of fitting on
standard activated carbon for C1s is presented in Figure 10, and complete fitting
data is presented in Table 3. All spectra observed a binding energy peak at
around 284.5 eV, indicating a graphite structure, namely a C=C sp? double bond
with no functional group [28]. All samples have a spectral peak at around 285.9-
286.3 eV, indicating the presence of C-O- functional groups in phenol, alcohol,
or ether bonds on the surface of activated carbon [29]. In addition, there is a
peak at around 288.1-288.2 eV, indicating C atoms bonded to carboxyl or ester
groups (-COO) on activated carbon [28-29].
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Figure 10. Fitting of C1s spectra for standard activated carbon samples

Table 3. Functional group composition of C1s spectra

% Functional groups
Catalyst (g/100mL) C-sp? C-O C=0
0 80.06 12.80 7.20
2.5 80.80 13.00 6.29
5 79.83 12.80 7.40
7.5 78.67 14.40 7.01
10 79.70 12.99 7.38

Based on the fitting results, it can be concluded that there is no significant
difference in the amount of catalyst used for the functional groups on the sample
surface. It is suspected that this can be caused by the amount of CNSs formed
not too much or not covering the entire surface of the activated carbon so that
the spectral analysis on the surface of the activated carbon still tends to maintain
the composition of its functional groups.

3.8. Methylene blue adsorption test

The fitting results for the Langmuir adsorption isotherm are presented in Figure
11. The maximum adsorption capacity (@,,,) and the Langmuir adsorption

constant parameters (K,) are presented in Table 4. From the R? value, it can be
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seen that all samples give a value of almost 1, so it can be concluded that the

adsorption occurs in accordance with the Langmuir isotherm. Langmuir
isotherm has an assumption that the adsorption that occurs is a reversible single-
layer adsorption, with the rate-determining stage of adsorption being internal
diffusion [30]. The @,,, value in all samples experienced a decrease of almost

half in capacity. This is consistent with the decrease in the value of the AC
surface area. It can be interpreted that the deposition of CNSs and magnetite
content on the surface of activated carbon does not affect the adsorption of
methylene blue. In a study by El-Bery et al. (2022) [31], the increased
adsorption capacity of activated carbon was due to increased functional groups
that increased the adsorption capacity. Different results were obtained in this
study due to no changes in the functional groups of activated carbon, as
presented in Table 4, so the effect of the surface area of activated carbon on the
adsorption capacity became more dominant.
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Figure 11: P Ce curve for various samples

Table 4. Adsorption capacity and Kinetic parameters for the MB removal

Catalyst (g/100mL)
Parameter 0 2.5 3) 7.5 10
Q. 0.2188| 0.0862| 0.0910 0.0932| 0.0957
K, 0.8240 0.7922 0.4747 1.0422 0.8687
R*? 1.0126 1.0171 1.0137 1.0156 1.0109
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3.9. Performance test as lithium battery anode with CV

The electrochemical performance of the sample with a catalyst concentration of
2.59/100mL was tested using cyclic voltammetry (CV). The CV voltammogram
curve is presented in Figure 12. In the first cycle, a peak can be seen in the
reduction area around 0.25-1.0V, indicating the formation of a solid electrolyte
interphase (SEI) [32]. This peak was no longer visible in the second and third
cycles. Meanwhile, in each cycle, an oxidation peak was observed at around
0.3V, indicating the existence of an intercalation/deintercalation mechanism of
lithium ions in the charge-discharge process [32]. The magnetite content in the
sample did not affect the cycle, as indicated by the absence of peaks other than
lithium intercalation appearing in the voltammogram. If the iron content in the
sample played a role in the cycle, a cathode peak would appear at 0.9V and a
reduction peak at 1.65V [33,34]. From the voltammogram obtained, it can be
concluded that the CNSs sample on activated carbon with a catalyst of
2.59/100mL is stable when used as an anode for lithium batteries. Further tests
such as Galvanostatic Charge-Discharge, rate cycle, and impedance can be
carried out to determine the CNSs sample's performance further.
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Figure 12: Voltammogram for the sample with 2.5¢g/100mL catalyst

Conclusion:

Based on the research, it can be concluded that the greater the amount of
catalyst used, the more CNSs are deposited on the AC surface, which aligns
with the results shown by SEM, TEM, XRD, and Raman analysis. The amount
of catalyst added does not affect the functional groups on the AC surface. When
used as an adsorbent, the sample's performance decreases, along with a

175




reduction in surface area due to the deposition of CNSs and catalysts on the AC
surface. The performance of the sample with a catalyst of 2.5g/100mL provides
stable performance when used as a lithium battery anode, as shown by the half-
cell CV test with a voltage range of 0-2V and a scan rate of 0.2mV/s.

Based on the research conducted, there are several suggestions as follows:

1. The homogeneity of the mixture of ferrocene catalyst, cooking oil, and
activated carbon can be improved by mixing and impregnation before
carbonisation

2. Several studies that need to be carried out, such as the effect of washing to
remove iron catalysts and application tests as adsorbents and lithium battery
anodes, can be studied further.
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Abstract

| concluded in my research that the nature of relationship between the orthogonality of
antiderivatives with the ideal on prime quasi-sets, and we defined the orthogonality of
antiderivatives, and we studied the relationship with the ideal on prime quasi-sets, and we reached

results and theories that link them.

Subject Classification: 16N60, 16A70, 16Y30

Keywords:

Reverse derivations, orthogonality, semiprime rings, ideals within semiprime rings.

1. Introduction

In the theory of ring structures, derivations play a fundamental role.The assignment operation f: R >
R is called a derivative on the set R if it satisfies the product rule f(ab) = f(a)b + af(b) for all elements

a, b € R, as stated in references [6] and [7].

Building upon this foundational concept, researchers in [2] and [3] have investigated orthogonal
derivations in sets. Two mappings F and H on a set R are considered orthogonal if they satisfy the

condition F(a)RH(b) = 0 = H(b)RF(a) for all a, b € R.
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The study of antiderivatives on semi-primary sets was explored by Saman and Alemany [5],
extending the classical theory of derivatives to this specialized context. Further advancing this area
of research, the concept of perpendicularity for inverse derivations was introduced in [1].
Specifically, two reverse derivations F and H of a set R are termed orthogonal when F(x)RH(y) =0 =

H(y)RF(x) for all x, y € R.

In the context of semi-primary sets, we study additive subsets that form ideals. Let R be a semi-
primary set. A plural subset W of R is called a left (or right) ideal of R if RW € W (or WR € W), as

indicated in [4].

It is important to note that for any subset W of R, the left-handed pesticide |(W) and the right-
handed pesticide r(W) are defined as |(W) = {x €R : xW = 0} and r(W) = {x € R : Wx = 0} respectively.
In this paper, we have established several theorems and results related to our topic, which is the

perpendicularity of antiparallel derivatives to the ideal on semi-elementary sets.
2-The Results

Puzzle 21 [4]: Let R be a semi-prime set without twist 2, let W be a non-zero ideal of R, and let M and

N be elements of R such that:

Ay (W) ifmyn+ nym = 0 then myn =nym= 0
proof: let p and p’ be two orbitrary components of w, then by postulate
(MaN) q'(MgN) = — (NgM) p' (MgN)
=— (N(gMp')M)gN
= (M(pMp’) N) gN
=— Mg (Mq'N) gN
=—Magq (Ng'M) aN
= — (MpN) p'(MpN)
This implies 2(MgN) ' (MgN) =0
Since R is 2-torison free there for (MgN) q' (MqN)

hence MgN € 4,,1(w)
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we found MgN = o, forall g € w

In the Same way we also find NgM=0
Hence MgN =NgM =0
Puzzle 2.2

Let R be a twist-free semi-prime set, and let W be a non-zero ideal of R so that Anni(W) = 0. If M and

N are elements of R so that M(p)WN(p) = 0 and M(p)WN(q) = 0 for all p, g € R, then M(p)WN(q) = 0.

Proof: if we assume M(p)sN(p) = 0 for all s € W. By linearization, we obtain: M(p)sN(q) + M(q)sN(p) =
0

This leads to: M(p)sN(q) - M(p)sN(a) = -(M(a)sN(p) - M(p)sN(q)) = 0

Therefore, M(p)sN(q)=0, which means that M(p)sN(qg) € Ann;(W) = 0. Hence, M(p)sN(qg) =0. o
Main Theorems

Theorem 3.1

Let R be a semiprime set, and let M, N be reverse derivations of R. Let W be a non-zero ideal of R

such that Ann,(W) = 0. Then: M(p)N(qg) + N(p)M(q) = 0 if and only if M and N are orthogonal.

Proof: (=) Suppose that M(p)N(q) + N(p)M(qg) = 0. Replacing x by xf, we get: M(pf)N(q) + N(pf)M(q) =
0

Expanding using the reverse derivation property: M(f)p + fM(p)N(q) + N(f)p + fN(p)M(qg) =0
forall p, q, f € W. By Lemma 2.1, we conclude that M and N are orthogonal.
(<) Contrariwise, if M and N are orthogonal, then: M(p)WN(q) = 0 = N(q)WM(p)

This gives us M(p)sN(qg) = 0 and N(p)sM(q) = 0 for all s € W. By Lemma 2.2, we obtain M(pf)N(q) =0
and N(pf)M(q) = 0. Since M(p)N(q) € Anni(W) and N(p)M(qg) € Ann1(W), we have: M(p)N(q) +

N(p)M(q) =0
Theorem 3.2

Let R be a non-twisting semi-prime set, and let M and N be antiderivatives of R. The following
provisions are equivalent: (i) M and N are perpendicular (ii) MN = 0 (iii) MN + NM =0 (iv) MN is an

antiderivative
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Proof: This theorem follows from Lemma 2.1 and Theorem 3.1. o
Theorem 3.3

Let R be a 2-torsion free semiprime set, and let M and N be reverse derivations of R. Let W be a non-
zero ideal of R such that Anns(W) = 0. Then the following are equivalent: (i) M and N are orthogonal

on R (ii) MN =0 on W (iii) MN + NM =0 on W (iv) MN is a reverse derivation on W
Proof: (i) = (ii), (iii), and (iv): These implications follow from Theorem 3.2.
(ii) = (i): The linearization of M(p+q)N(p+q) = 0 gives: M(p)N(qg) + M(q)N(p) =0 forall p, g ER

Replacing y by yf, we obtain: M(p)N(gf) + M(gf)N(p) = 0 M(p)(N(f)q + fN(q)) + (M(f)q + fM(q))N(p) =0
M(p)N(f)a + M(p)fN(q) + N(p)M(f)q + fM(q)N(p) = 0

Through careful manipulation and using the properties of reverse derivations, we arrive at: M(p)N(q)

+N(p)M(q) =0
Since M(p)N(q) € Anni(W) = 0, we have M(p)N(qg) = 0. Hence, M and N are orthogonal.

(iv) = (i): If we assume MN is a reverse derivation from W to R. Then: MN(pq) = M(N(pq)) =0 =

M(N(a)p + aN(p)) = MN(q)p + MaN(p)

Through substitution and manipulation, we obtain M(p)N(qg) = 0. Since M(p)(g) € Ann1(W) =0, we

conclude that M and N are orthogonal. o
Corollary 3.4
Corollaries

Let R be a twist-free semi-prime set, and let M be an antiderivative of R. If M? is also a derivative,

then M =0.
Proof: This follows directly from part (ii) of Theorem 3.3. o
Corollary 3.5

Let R be a twist-free semi-prime set, and let M be an antiderivative of R. If M(p)M(p) =0 for all p €
R, then M =0.

Corollary 3.6
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Let R be a twist-free set ,Let M and N be antiderivatives of R. If M? = N2, then either M =-N or M = N.
Theorem 3.7

Let R be a twist-free semi-prime set, and let M and N be antiderivatives of R. If M(p)M(p) = N(p) N(p)
for all p€ R, then M + N and M - N are orthogonal. Hence, there exist ideals H1 and H2 of R, such that
H=H1 @ H2is a direct principal sum in R, M = N on H1, and M = -N on H2. Proof: Note that: (M +
N)(p)(M - N)(p) + (M - N)(p)(M + N)(p) = 0 for all p € R Applying parts (ii) and (iii) of Theorem 3.3, we

obtain the desired result.

Corollary 3.8

Let R be a kink-free prime set, and let M and N be antiderivatives of R. If M(p)M(p) = N(p)N(p) for all
p €ER,thenM=Nor M =-N.

Proof: This follows directly from Theorem 3.7.
Corollary 3.9

Let R be a semi-prime set with property not equal to 2. Let M and N be antiderivatives of R if M(p)? =
N(p)? for all p € R then either M=—NorM=N.
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Abstract

Phthalate acid esters (PAE) serve as additives in plastic formulations, enhancing
flexibility and transparency. Their potential migration from plastic packaging to
food can lead to endocrine disruption in consumers. This transfer is contingent
on the specific usage conditions designated for each type of plastic.Plasticizers
such as di-n-butyl phthalate (DBP), di(2-ethylhexyl) phthalate (DEHP), and di-
isononyl phthalate (DiNP) play a significant role in the production of plastic
bottles utilized for storing edible oils. Since phthalates are not chemically
bonded to the plastic structure, they have the potential to migrate into the food
contents during storage. This research delved into examining the transfer from
phthalate derivatives of PET Dbottles to edible oil under various storage
conditions. The analysis employed a Gas Chromatography-Mass Spectrometry
(GC-MS) system. Findings revealed a notable increase in migration, particularly
in DEHP levels, with concentrations reaching 115.3 ug/L in the bottled oils
after 6 months at 45 °C. This figure surpassed the upper threshold of the
maximum contaminant level (MCL) set by the US Environmental Protection
Agency, which stands at 6.0 pg/L for DEHP, by a factor of 19.1.

Keywords: Phthalate acid esters, Plasticizers, Gas Chromatography-Mass.
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1- Introduction

Phthalates, recognized as organic compounds with plasticizing properties,
are primarily utilized to enhance the flexibility, lightweight nature, durability,
and softness of plastic materials (Carlos et al .,2021; Farhan et al .,2007). Being
non-covalently bound to plastics, phthalates exhibit a lipophilic nature and tend
to volatilize readily. These characteristics significantly contribute to their
potential environmental and food contamination (Giuliani et al., 2020; Chou
and Wright., 2007). Owing to their widespread application in food-contact
items, various phthalate derivatives, Diethyl phthalate (DEP), notably Dimethyl
phthalate (DMP),  Di-isobutyl phthalate (DIBP), Dipropyl phthalate (DPP),
Butyl benzyl phthalate (BBP), Di-isodecyl phthalate (DIDP), Di-n-butyl
phthalate (DBP), Dicyclohexyl phthalate (DCHP), Di-isononyl phthalate
(DINP), Di - 2 - ethylhexyl phthalate ( DEHp ), Di — n - octyl phthalate (DOP),
and Di-n-hexyl phthalate (DHP) are frequently detected as residues in food
items (Wang X et al., 2020; Guo et al., 2012). Phthalates with elevated
molecular weights like DEHP, DINP, and DIDP are employed as plasticizers to
impart softness to poly(vinyl chloride) goods. On the other hand, lower
molecular weight phthalates such as DBP, DEP, and BBP often function
Enhancers in many personal care product (Fan Y et al., 2012). Packaging
materials, frequently utilized for packaging milk and dairy products, serve as
significant sources of contamination, especially by phthalates like DEHP , DBP
, and DINP . Phthalate derivatives contamination in food can stem not only
from packaging but also from sources like soil, water, air, and various stages of
food processing, transportation, storage, and even cooking within households
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(Mondal et al., 2022; Bradley et al., 2013). Due to the lipophilic nature of
phthalates, Cooking oils are predisposed to accelerated phthalate migration from
plastic surfaces through processing, transportation and storage (Balafas et al.,
1999). Consequently, the phthalate content in packaged food is influenced by
factors such as the phthalate levels in packaging materials, storage duration,
temperature, food fat content, and contact surfaces (Alp et al., 2020; Mikula et
al., 2005). Hence, Cooking oils, given Its fat content and use in plastic
packaging , are susceptible to phthalate migration (Halden et al., 2021).

Recent animal studies have revealed the toxic impacts of certain phthalic acid
esters (PAES), their primary metabolites, and breakdown products on various
organs such as the liver , reproductive system ,kidneys ,lungs , and heart .DEHP
& DBP, extensively utilized phthalate esters in food production, processing, and
preservation, fall under the category of ‘endocrine disrupting chemicals' due to
their estrogenic and antiandrogenic properties. Notably, DBP and DEHP have
been linked to adverse effects on germ cell development, BBP on epididymal
sperm concentration, and DINP and DiNP on liver cells . These chemicals have
been associated with reduced sperm counts in males, diminished fertility,
testicular alterations, Low birthweight and anomalies in females, particularly
during pregnancy (Sedha et al., 2021; Hauser et al., 2004). The impact of
phthalates on the body varies based on factors like age, duration of exposure,
and level of exposure, with pregnancy, infancy, and puberty identified as
particularly sensitive phases (Zota et al., 2010).

Coldn et al., 2009 Proposed a potential correlation between PAEs exhibiting
known antiandrogenic traits and estrogenic and premature breast development
at young PuertoRican girls. Furthermore, experimental studies have unveiled
the carcinogenic, teratogenic, and mutagenic potential of phthalates, posing a
significant threat to human health (Yildirim et al., 2020; Lovekamp et al.,
2003). To mitigate these risks, regulatory authorities have established legal
frameworks governing the presence of phthalates in food.

DEHP , DBP , DEP, BBP and DMP phthalate esters have been classified as
"Priority toxic pollutants" by the United States Environmental Protection
Agency (USEPA ) since 1976 , with reference values set at (20 ,200 and
100)ug/kg body weight / day for DEHP, BBP, and DBP, respectively (Cheng et
al., 2016). The (EFSA)European Food Safety Authority has determined the
toler able daily doses for DBP ,BBP ,DEHP ,DINP and DIDP as( 0.01, 0.5,
0.05, 0.15, and 0.015) mg/kg/day, respectively (EFSA European Food Safety
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Authority). Additionally, the European Union directives prescribe legal
thresholds for BBP,DEHP,DBP,DINP and DIDP to limit migration into food,
with total phthalate levels from plastic in food capped at (60 mg/kg) (European
Commision 2007). Similar regulations and thresholds have be adopted in the
world through legislative measures (Official Gazette 2013).

In Irag, cooking oil packaged in plastic containers enjoys widespread
consumption across all age groups. This study aimed to assess the potential food
safety and public health hazards associated with phthalate migreation over
varying storage durations. Over the shelf life, cooking oil samples were
scrutinized for three phthalate esters, obtained from both domestically produced
and imported plastic containers.

2- Material and Methods
2-1 Storage condition

Fifteen samples of oils packed in 1000 ml plastic bottles were randomly
collected from the local market of Baghdad city at the start time (production
date 7-14 days).

The samples were classified into three groups based on their storage conditions,
which included differences in temperature and duration.

The first group included bottled oil stored at 5°C in a refrigerated environment,
with extraction measurements performed initially and after three and six
months.

The second group included bottled oil stored at 25°C in a controlled
environment, with extraction assessments performed initially, as well as after
three and six months.

The third group included bottled oil stored at 45°C in a controlled environment,
with extraction assessments performed initially and after three and six months.

2-2 Preparation of oil samples

The sample volume, around (1L), is sequentially extracted with
methylene chloride under alkaline conditions (pH above 11) utilizing either a
separatory funnel or a continuous extraction technique as outlined in methode
625( EPA , 2007 ) .
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2-3 Preparation (DBP), (DEHP), and (DiNP)) as a stanndard :

Standard solutions(1.00 pg / uL) can be created using high-purity
standard substances or acquired in the form of authenticated solutions.

2-4 ldentification and determination of plasticizers (phthalate derivatives)
using gas chromatography GC-MS

When separating phthalates using gas chromatography-mass spectrometry
(GC-MYS), the following detailed conditions and parameters were applied:

1. Column selection :The selection of a gas chromatography column is very
important for the separation of phthalates derivatives, where a stable low-
bleed and high-temperature column DB-5MS was used.

2. Temperature programming: The temperature program was used using a
precise gradient to effectively separate phthalates based on their boiling
points and polarity, where the initial, ramp and final temperatures were
carefully adjusted to achieve optimal separation.

3. Carrier gas: A high-purity carrier gas (helium) was used to carry the
sample through the column. The flow rate was for effective separation
and detection in the mass spectrometer.

4. Injector temperature: The injector temperature was set at (280C) to ensure
effective evaporation of the sample without causing degradation.

5. Mass Spectrometry Conditions: We determined the appropriate ionization
mode for phthalates (chemical ionization) which is the optimal ionization
for phthalate detection. lonization energy, ion source temperature, and
other mass spectrometer parameters were adjusted for sensitive and
selective detection.

6. Sample Preparation: Samples were prepared using appropriate extraction
methods using liquid-to-liquid extraction to isolate phthalates from the
sample matrix.

7. Injection Volume: Optimize the injection volume to introduce a
representative amount of sample without overloading the system. The
injection volume should be within the linear range of the detector for
accurate quantification where the injection volume was (1 uL)

8. Calibration: The GC-MS system was calibrated using standard solutions
of phthalates to create calibration curves for quantification, where a range
of concentrations were used to cover the expected concentrations of
phthalates in the samples.
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9. Data Analysis: GC-MS data were processed using a special software to
identify and quantify phthalate compounds based on their mass spectra
and retention times and compared to experimental mass spectra from
reference libraries for compound identification.

By carefully tuning and optimizing these detailed conditions, we were able to
efficiently separate, identify and quantify phthalate compounds using gas
chromatography-mass spectrometry (GC-MS).

3-Result and Discussion:

The notion of the total migration limit have historically served to oversee the
collective transfer of substances from plastic to food items and to as certain the
potential health implications of these substances (Arvanitoyannis&Bosnea
2004). Regarding the migration process, it can be delineated into four primary
phases: the diffusion of chemical compounds across polymers, the adsorption of
diffused molecules from the polymer surface, the interaction of compounds at
the interface between plastic and food, and the absorption of compounds into
the food product (Ferrara et al., 2001). Research delved into the migration of
plasticizer compounds from PET bottles to samples procured from local
markets, with the outcomes detailed in Table 1. The investigation observed the
transfer of PET derivatives to samples housed in PET containers under varying
temperature conditions and durations. At an initial storage temperature of 5°C,
contamination with plasticizer compounds from PET bottles was evident for
DEHP and DPB derivatives at concentrations of 2.11 and 1.31, respectively,
while no contamination was noted with DiNP. In contrast, at 25°C, all PET
derivatives examined in this study (DEHP, DBP, and DiNP) manifested at
concentrations of 6.13, 3.51, and 1.18 ug/L. However, at 45°C, concentrations
of DEHP, BBP, and DiNP surged to 7.55, 4.87, and 1.93 ng/L, respectively, as
depicted in Table 1. The migration of PET derivatives like DEHP, DBP, and
DiNP exhibited a notable escalation from the outset to three months at 5°C by
7.73 ,3.61 and 0.83 ng/L . For instance, when oil was stored initially at 20°C,
PET derivatives such as DEHP, DBP and DINP were detected at concentrations
of 11.76 , 6.0 and 3.22 ug/L, respectively. At 45°C, concentrations of DEHP,
DBP, and DiNP recored to 13.86 , 8.57 and 5.74 pg/L, respectively, as outlined
in Table 1.

It was observed that all the polyethylene terephthalate derivatives were
transferred to the bottled oils stored in polyethylene terephthalate bottles after
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six months, as Table (1) showed an increase in concentration with increasing
temperatures, where DEHP represented the maximum concentration of
polyethylene terephthalate derivative (115.3) pug/L, while DBP showed a high
increase after six months by (36.01) ug/L, while the concentration of DiNP was
(19.0) ng/L.

The maximum allowable contaminant level (MCL) for DEHP has been set by (
EPA ) standards and (WHO) guidelines (6 / 8 pg/L) respectively, (FDA,2011 &
EPA,2009). The concentration of DEHP in this study exceeded the (MCL) set
by EPA standards and WHO guidelines by (19, 14) times. The (US EPA) has
proposed a MCL of (10 pg/L) for BBP ,the BBP values in this study exceeded
the MCL as well as for DiNP.

Table 1 displays the concentrations of PET derivatives (DEHP, DBP, and
DiNP) in bottled oil across varying storage durations (initial time, after 3
months, and after 6 months) under different temperature conditions (5°C, 25°C,
and 45°C).

PET Temperature | Concentration for Three Periods (ppb)
derivatives Start Time After 3 After 6
(ng/L) Months Months
5°C 2.11 7.73 31.31
DEHP
25°C 6.13 11.76 88.0
45°C 7.55 13.8 115.3
5°C
1.31 3.61 21.81
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25°C
3.51 6.00 29.2
DBP
45°C
4.87 8.57 36.01
5°C
0.00 0.83 2.21
25°C
1.18 3.22 6.33
DiNP
45°C
0 1.93 19.0

3- Conclusion

Based on the results obtained from the study on the migration of
plasticizer compounds from PET bottles to food samples stored under various
conditions, several conclusions can be drawn:

v" Migration of PET Derivatives: The study revealed a significant migration
of PET derivatives, including DEHP, DBP, and DiNP, from PET bottles
to the samples stored within them. The concentrations of these
compounds increased with higher temperatures and longer durations of
storage, indicating a higher risk of contamination as environmental
conditions became more severe.

v Temperature Influence on Migration: The temperature played a crucial
role in the migration process. Higher temperatures led to greater
migration of plasticizer compounds into the food samples. For instance, at
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45°C, the concentrations of DEHP, BBP, and DiNP significantly
increased, showing a clear correlation between temperature and migration
levels

v Long-Term Effects: Over an extended period of six months, all PET
derivatives were observed to transfer to the oils stored in PET bottles.
This long-term exposure resulted in a substantial increase in
concentrations, with DEHP exhibiting the highest concentration among
the PET derivatives studied.

v Violation of Maximum Allowable Contaminant Levels (MCL): The
concentrations of DEHP exceeded the MCL set by EPA standards and
WHO guidelines by a significant margin, indicating a potential health risk
associated with the migration of this compound. Similarly, the
concentrations of BBP and DiNP also surpassed the proposed MCL
values, highlighting the need for regulatory action to address these
elevated levels of contamination.

In summary, the study underscores the importance of monitoring and regulating
the migration of plasticizer compounds from PET bottles to food products,
especially considering the potential health implications associated with the
exceedance of MCL values for certain compounds like DEHP, BBP, and DiNP.
These findings emphasize the necessity of stringent regulations and quality
control measures to ensure the safety of food products stored in plastic
containers.
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Abstract

Given the importance of encryption and maintaining the
confidentiality of information and not penetrating it, this paper included
encoding letters and words of Kurdish through Abacus James diagram in
partition theory. This paper is an extension of the work of many researchers,
such as Awreng, Ammar and Ahmed on encoding letters and words using
Abacus James diagram for letters in the English language. It is completely
natural that this method will have new and very difficult methods as an
entrance to a new type of encryption process.

Keywords: Partition theory, e-abacus diagram, encryption and decryption
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1. Introduction

James abacus with ¥ —number is one of the graphical representations

for any partition of a non-negative integer and it can be divided into several
chains which consist of outer and inner chains. Also, numbers can be

represented by a diagram called e —abacus diagram, where every y —
number will be represented by a (®) and the rest of the sites by (—).

Let n be a positive integer. A composition of n is a sequence
i = (pq, 13, -..) of non-negative integers such that n = |u| = X ; ;. The
integers u; foralli = 1 arethepartsof wand u; =0 ifi > k, we

identify pe with (g4, 2, ..., itg). A composition g is a partition if

K; = .4, forall j = 1. Now, Let o be the number of redundant partsof the
partition gz of n, then we have pr = (py, pt3, p3, ..., ) = (471,452, ..., A"
such that: |pe| = X7, p; = X, A%, [1]. To clarify the above concepts, we
take the partition of 4 by (4) = (4Y) are (3,1) = 3%, 1Y) or (2,2) = (2%)
or(2,1,1) =24,1%or(1,1,1,1) = (1%).
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Definition 1.1: An e —Abacus is a Chinese abacus with e vertical runners,
labeled 0, 1, 2, 3, ..., e — 1 from left to right. We label the positions on the

abacus 0, 1, 2, ... from left to right, top to bottom, [2].

Definition 1.2: The ¥y —numbers are defined by fix @ as a partition of n,
choose an integer b greater than or equal to the number of parts of u and
define y; = u; +b—i,1<i=b. Theset {¥1, ¥z, -, ¥»} is said to be
a set of y —numbers for u, [2]. In the following diagram we will represent
¥ —numbers, by many runners depending on e is an integer number greater

than or equal to 2, as follows in Table 1.

Table 1.1. e-Abacus Diagram

Run.1 | Run.2 | Run.3 Run.e
0 1 2 e=1
e e+1 e+2 2e —1
2e 2e+1 | 2e+1 3e—1

James was the first to come up with the idea an e-abacus diagram in
1978 [2].This topic is important in many topics, especially in the field of
encryption and maintaining the security or confidentiality of information.
The word “cryptography” is derived from the Greek words Krypto’s,
meaning hidden, and Graphene, meaning to write. Historians believe
Egyptian hieroglyphics, which began about 1900 B.C.E., to be an early
instance of decipherment. The topic of e-abacus diagram was given great
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attention in the eleventh century by linking it to cryptography. There is more
than one method used to encode the letters which depends on the concepts of
partition theory. Eman and others encrypted English letters in 2015 by
studying the concept of orbit, [3]. Hadil and Ammar encoded the Syriac
letters in 2017 using the e-abacus diagram [4]. Awreng and Ammar also
introduced another new technology for encrypting words and sentences in
the English language, based on e-abacus diagram in 2019, [5,6]. After that,
Ahmed and Ammar encrypted the letters and sentences by linking e-abacus
diagram to directed graph theory [7]. In 2021, the question that was asked in
the source: Is it possible to break up any fairly large chart into smaller
charts? The answer was yes, as formulas were found to provide division for
many cases, [8]. And in 2022, Hiba and Ammar found connection between
partition theory and mapping, which we will describe as the initial steps
toward convergence with other types of mapping by merging a process
between them, [9]. In addition, new methods were found by integrating
Young's diagram with graph theory, [10]. In 2024, both Ammar and Juan
added a row (rows) to the e-abacus diagram,[11]. To learn more concepts
about partition theory, e-abacus diagram and Young diagram, you can see
the references [12-14]. For this reason, we had to present an encoding of the
Arabic-Kurdish letters in this article on the basis of the e-abacus diagram.

Finally, the goal of this paper is to create a database of Kurdish
characters to encrypt and decode messages in future papers.
2.  Encrypt The Specific Kurdish Alphabet:

The Kurdish alphabet means the letters of the Kurdish alphabet, that
IS, the basic letters that make up phrases, sentences, or words. These letters
are divided into two parts:
I. The first section: silent letters or so-called consonants, which are as
follows:
(50 e e RS Gadadg g b S S yR g g e )
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Ii.  The second section is the vowels, that is, the vowels which are as
follows:
) (CERCESEETEEXINN
For setting up a concrete security model, firstly we test the letters in
an Abacus James diagram in each diagram the symbol of bead ” ® *
IS used to represent the position of y — numbers in such a way that creates
36 upper case Kurdish letters (29 consonant letters and 7 vowels letters and
, SO the actual sum is 34 letters). It can " «s "there are two letters in common
also be noted that many of the letters are Arabic letters as well.
We take the value of the number e is nine with the same numbers of row’s.
Get the general Abacus James diagram and then select the location of y —
numbers on it, to get the appropriate shape for each character of the thirty six
Kurdish letters. We found the appropriate design for each character, so that
each letter appears appropriately and clearly, as follows:
Table 2.1.

Consonants Kurdish Letters

1 RIS
US| T )

15 A S A 8
LT L T 0 U

|
Pl jefoefejnr]

Ll e ]

Bl Gl el ]
(i e e e T

I
I
I
|
|
|
I
|

e e i |

Pofelaiab i el O el
L e [l e
DL e el e
e e e [l
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Vowels Kurdish Letters

[l i e e el
Dl e i ] e |
b B ]
L i e
[l (E i e e i (Bl ]
Pl b ]
e i e (]
EL B e b
Bl b e el ]
e [ ]
L e e [ ]
Foohg Bl bl
FRELE ]
e
e e ]
EL R ]

e )
Ll e
[l e

el ol Bl a ]
FLLEpE ]

e
e
i e
T T

Remark 2.1:

Arabic letters are distinguished by their difference in whether they are
at the beginning, interior, or end of the word, but the general form known by
them remains preserved. To reduce the use of diagrams, the word will be
written on the origin of the letters, ignoring their location, whether it is at the
beginning, at the end, or interior the word. This is also what is defined by the

remaining letters of the Kurdish letters.

Now, Table 2.3, gives each Kurdish letter a symbol that can be found

through partition theory based on James's diagram ( Tables 2.1 and 2.2)

Table 2.3. The partition of Kurdish letters

Letters Partition Letters Partition
- |47%,44,36,28,26°,19,1 & 674,58,50,43,372,28,21% 5
22
| 62,54,46,38,29,21,13 < 458 44 38,37°,31,30,23,6
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C.

< | 49,34531,26,24,19 528,51,45,44°38,37,30,14,13,6

< [56,49,48,34°31,26,26 5 |59°56,51,49,44,42%40,38,36,30
19 214,13

< |325,29,24,22,17,13,12 < |517,49,44,42,34,26,24°,21,18,14

122
z |53%44,39,36,28,21,18 & | 57554,49,46,42,38,29,25°12°
513,42
& |54*42,37,34,31,30,28 J 1662,60,58,54,50,47,43,40,32,24,
,21,18%,13,42 16

¢ |54%45,36,28,21,18%1 J  |632,57,55,51,47,44,40,37,29,21,
3,4 13,11,4,3

¢ 163%54,46,38,35°30,2 a 53,45,37,29,26,6,23,22,15
12,4

a 53°49,40,31,22 8 49,5,46,41,39,34,32,27,13

J 523,47,40,32,24 5 48*44,40,37,33,29,27,212

2 |66,59,58,43%38,31,23 A |468,45,44,43,39,38,37,33%,32,28
15 25,215

J 60%,55,48,40,32,15 s |62%56,49,41,33428,26,21,19,3?

5 |583%53,46,38,30,14,13 ss |50%,47%,46,42,40,36,33,29,26°,24°,

6 23,22,21,19%,17,16,14,132,102
o |43%38,36,34°,32,31,3 § | 62357,49,41%,36,34,28%,11,4,3
0,29,27
o [39434,32,31°,29,28,2 ¢ |64°59,56,53,48,46,41,38230,242
7,26,24,13,12,5

& |58%49,41,34,282,19,1 s |61%,56,53,50,45,43,38,35%,27,212

32 19,12,11
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3.  Application of Encryption and Decryption of the

Sentences in the Kurdish

In this paragraph, two examples will be given. The first is to encode a
sentence of the Kurdish language into a sequence whose elements are made up
of partitions and the second example will be to decrypt a sequence into a

sentence in the Kurdish language.

Example 3.1: In this example, a sentence in the Kurdish language will be given
and it will be encoded into a sequence of numbers whose elements are positive
natural numbers, including them raised to powers (the elements of which we get
from e-Abacus diagram in partition theory). It is an encoded sentence that can
be sent to the requested party. The sentence welcome to Iraqgi Kurdistan in
Kurdish means “gle w68 3 0 534”, this sentence is equivalent in partition

theory is

48%(49,34°,31,26,24,19;
,44,40,37,33,29,27,21%;,63%,54,46,38,35°,30,21%,4;61°,56,53,50,45,43,38,35%, 27,2
12,19,12,11;523,47,40,32,24;49,34°,31,26,24,19;613,56,53,50,45,43,38,352,27,212
,19,12,11;49,5,46,41,39,34,32,27,13;0;49,34°,31,26,24,
19;623,57,49,41%,36,34,282,11,4,3; 0;517,49,44,42,34,26,24% 21,18,14,122,622,56
,49,41,334,28,26,21,19,13%,523,47,40,32,24;53°,49,40,31,22;43*,38,36,34°,32,31,
30,29,27;32°,29,24,22,17,13,12;62,54,46,38,29,21,13;49,5,46,41,39,34,32,27,13
164°59,56,53,48,46,41,38%30,24%; B;58%,49,41,34,282,19,13%,613,56,53,50,45,43,3
8,35%,27,212,19,12,11;523,47,40,32,24;62,54,46,38,29,21,13;59°,56,51,49,44,42*
,40,38,36,30%,14,13).
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Example 3.2: In this example, we will be given a sequence of numbers
whose elements are positive natural numbers and some of which are raised to
powers, and what is required is to find the text that matches it by returning
each part of the sequence to its corresponding part based on the tables

generated from e-Abacus diagram. Take the sequence:

(517,49,44,42,34,26,24% 21,18,14,122,622,56,49,41,33%,28,26,21,19,13%662,60,58
54,50,47,43,40,32,24,16:64% 59,56,53,48,46,41,38230,242;58°% 53,46,38,30,14,13
6; 0:60% 55,48,40,32,15;62,54,46,38,29,21,13;49,5,46,41,39,34,32,27,13;43* 38
36,345,32,31,30,29,27;325,29,24,22,17,13,12;;53,45,37,29,26,6,23,22,15;62,54,

46,38,29,21,13:325,29,24,22,17,13,12;53,45,37,29,26,6,23,22,15;62,54,46,38,29
21,13:325,29,24,22,17,13,12;64% 59,56,53,48,46,41,38230,24%,517,49,44,42,34.2
6,243,21,18,14,122).

If we decode the above sequence and compare it with the resulting tables

from e-Abacus diagram, then the sentence is “‘clatabe -l y 50 K7,

Finally, it is possible to create a program in any system based on the
sequences that correspond to the letters obtained from the e-Abacus diagram
through the use of many algorithms, such as symmetric-key encryption or
asymmetric-key encryption that encode the letters into sequences and vice

Versa.

4. Conclusions:
In the current century and the world's development, encryption is not
foolproof, and there are still vulnerabilities that cybercriminals can exploit.

Therefore, it is necessary to keep updating encryption techniques and

211




algorithms to stay ahead of cyber threats. One of the important methods is
choosing a language that only a few master, as well as using scientific
concepts that only specialists in data analysis master. Therefore, this paper
was based on conversational language (Kurdish) in addition to the use of the
e- Abacus diagram in partition theory. As for creating and developing an
algorithm, it is one of the things mentioned in the world of software and

developing special codes according to what the programmer requires.
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Abstract:

This research focuses on the effects of physical and chemical water factors
such as temperature, salinity, dissolved oxygen, and pH on the spatial and
seasonal distribution of fish in the Tigris River. An analytical approach was
adopted, involving water sample collection from two primary sites: the first
between Al-Suwaira and Al-Kut Barrage, and the second between the
confluence of the Diyala River and Sheikh Saad District. Field measurements
were conducted using advanced techniques, and fish diversity and density
were monitored across different seasons to correlate environmental variations

with species distribution.

This research focuses on the effects of physical and chemical water factors
such as temperature, salinity, dissolved oxygen, and pH on the spatial and
seasonal distribution of fish in the Tigris River. An analytical approach was
adopted, involving water sample collection from two primary sites: the first
between Al-Suwaira and Al-Kut Barrage, and the second between the
confluence of the Diyala River and Sheikh Saad District. Field measurements

were conducted using advanced techniques, and fish diversity and density
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were monitored across different seasons to correlate environmental variations

with species distribution.

Findings revealed that the first site exhibited relatively balanced ecological
conditions, including moderate temperatures (27.5-29°C), mildly alkaline pH
(7.3-7.4), and suitable levels of dissolved oxygen and salinity, supporting the
reproduction of fish such as carp and catfish. The dense aquatic vegetation
and the geomorphological diversity of this section also contributed to the

stability of fish communities.

In contrast, the second site recorded higher concentrations of sulfates (401
mg/L) and sodium (150 mg/L), along with fluctuating pH levels (6.6—7.1) and
elevated electrical conductivity (971 uS/cm), indicating environmental stress
due to industrial and agricultural discharge, particularly near residential zones.
This corresponded with a clear reduction in the abundance of sensitive species
during summer months, highlighting the central role of environmental changes

in reshaping aquatic biodiversity.

The study concludes that water quality is a decisive factor in sustaining aquatic
biodiversity, and any imbalance in physical and chemical parameters can
adversely affect fish presence and reproduction. Based on these findings, the
research recommends implementing regular environmental monitoring
programs, enhancing integrated pollution control systems, promoting
aquaculture to alleviate pressure on natural stocks, and ensuring ecological

balance in the Tigris River basin.
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Introduction:

Environmental factors play an important role in determining fish distribution in
water bodies. Changes in physical and chemical properties of water affect
direct growth, breeding and feeding behavior of fish. This study will analyze
the relationship between these factors and the distribution of fish, contribute to
the development of strategies for the preservation of biodiversity and improve

fish production. [1]

Physical and chemical factors for water play an important role in determining
the distribution of fish in different water environments. Each fish species
affects growth, breeding and feeding behavior with temperature, salinity,

dissolved oxygen and pH, for specific environmental conditions. [1]

The temperature is one of the most important factors as it controls metabolic
speeds in the fish and affects their activity and movement. Oxygen material
dissolved in water also determines the ability to fish, as the level reduction can
reduce significant activity or even death of fish. Sourness (pH) affects fish

health, as sudden changes can interfere with their important functions. [3]
Study Importance:

— Understanding the impact of environmental factors on fish distribution helps

to improve water resources.

— Research contributes to the development of strategies for the preservation of

biodiversity of fish.

— It helps to improve the stability of fisheries by identifying factors that affect

fishing growth and reproduction.
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— It provides scientific data to support environmental policy related to the

safety of aquatic ecosystems.

Study Objectives:

1. Analyze the effect of physical and chemical factors such as temperature,

salinity and dissolved oxygen on fish distribution.

2. ldentify the relationship between water quality and fish diversity in different

environments.
3. Propose strategies to conserve fish resources based on the study results.

4. Provide scientific data to support the management of aquatic fisheries and

improve their sustainability.
Methodology:
Study areas:

Studying the Impact of Environmental Factors on Fish

Distribution in the Tigris River:

1. The first section between Al-Suwaira and Al-Kut Dam, this section is
characterized by dense aquatic vegetation, making it a suitable environment
for fish that rely on vegetation for protection and reproduction,Water quality
here is affected by the discharge of agricultural and industrial waste, which

may affect dissolved oxygen and salinity, The impact of seasonal changes on
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fish distribution was studied, as temperatures and water levels vary between

summer and winter. [3]

2. The second section extending between the mouth of the Diyala River and
the Sheikh Saad District ,this section is important for studying the
environmental characteristics of the river as it is affected by the flow of water
coming from the Diyala River, which changes the concentration of chemical
elements in the water, the impact of sediments and pollutants on water quality
and fish distribution is analyzed, especially in areas close to residential and
industrial areas, this section is considered rich in various fish species, making
it suitable for studying biodiversity and the impact of physical and chemical

factors on fish. [4]

—Data and Information Collection

Field Sample Collection

Sample points were identified along the Tigris River in the first and second
places. Physical parameters measured: temperature, water flow rate, depth
and dissolved oxygen. Chemical parameters analyzed: salinity, organic matter,
heavy metal materials and ph. The variation of fish was then studied with
regard to species and density, and the effect of these factors on fish
distribution, Samples were collected during the summer season, when
temperatures rise and dissolved oxygen levels fall, allowing for monitoring of

the extreme environmental influences on fish distribution.

Results and discussion:
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The first place, the section between Al- Suwayrah and the Al-cut latch, is
characterized by the properties of hydrological and geomorphological
properties that directly affect the distribution of fish in the Tigris River. The al-
cut latch plays an important role in regulating the flow of water, affecting the
flow rate and dissolving the oxygen level in the water. The region also includes
rivers and aquatic islands, which build different houses for fish and affect their
distribution. In addition, the spread of water plants in this area provides shelter
and food for fish, but it can also affect the quality of the water through

biological interactions.

Table 1: The fundamental physical and chemical traits of the water sample at

the first place

S PH T.D.S | N.T.U Tem EC Caco Ca Mg Cl So4 K Na
3

S1 7.3 592 15 28 942 156 90 24.6 89 223 3.5 76

S2 7.3 586 15 29 931 155 90 24 86 228 3.5 75

S3 7.4 589 18 28.5 951 158 83 25 88 234 3.3 72

S4 7.4 574 22 27.5 913 153 89 23 83 229 34 77

This table presents key water quality measurements from four sampling points

(S1-S4) along the Tigris River between Al-Suwaira and Al-Kut Barrage. Data

shows many important patterns:
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The ph. level is consistently alkaline (7.3—7.4), which is ideal for most
freshwater fishing species. This stability indicates good buffer capacity for

acidification.

Total dissolved solids (TDS) show minor changes (574-592 ppm), moderate
salinity levels that are usually safe for aquatic, although some reach near the

upper limit of some sensitive species.

Sulfate concentrations (223-234 ppm) are particularly high in all samples,
more than recommended fresh water guidelines (200 ppm). This possibility

shows geological effects and potential pollution inputs.

The temperature remains within a narrow area (27.5-29 ° C), indicating stable

thermal conditions that prevent temperature voltage on the fish population.

Important minerals such as calcium (83-90 ppm) and magnesium (23-25

ppm) are present in favorable concentrations for fish health and development.

The minor fluctuations between sampling points suggest relatively consistent
water quality throughout this river section, though the elevated sulfate levels
warrant further investigation into potential pollution sources. The overall
parameters indicate suitable conditions for many freshwater fish species,

particularly hardy varieties like carp and catfish.
A - Physical Properties:

1 — pH: The pH represents an indicator of the basicity and acidity of the
water, which greatly affects the effectiveness of the water, as the solution is
considered basic if the pH is more than (7) and it is considered an acidic

solution if its percentage is less than (7), but if its percentage is (7) it is
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considered a neutral solution. We note from the analysis results, as shown in
Table (1), that the pH value varied from one sample to another, as the highest
concentration was recorded which reached 7.4, and the lowest concentration
was 7.3. These values range between the appropriate range for the growth of
most fish species, which ranges between 6.5 and 8.5 for most fish species.
This percentage ensures a stable aquatic environment that aids in the
metabolic and respiration processes of fish, and also affects the availability of

nutrients in the water. .[5]

2 — The amount of dissolved or total salts (T.D.S) represents both the
negative and positive ions in the water, and most of its sources are inorganic
compounds dissolved in the water, such as carbon and sodium, in addition to
organic compounds resulting from waste and human activities. It was shown
through the results of laboratory analyses, as stated in Table (1), that the
highest concentration rate was (592), while the lowest concentration rate of
dissolved salts was (574). When comparing these rates with the standard
criteria for the suitability of water for fish growth, it was found that it is
considered to be water with high salinity, The reason for the increase in the
concentration of total dissolved solids (TDS) is the decrease in the river water
level, because the total TDS represents the sum of dissolved salts in the water
that make up hardness, chlorides, sulfates and alkalinity. Industrial waste,
sewage, irrigation water, drains, soil erosion and rain also play an important
role in increasing the concentration of total dissolved solids and thus polluting
the river and negatively impacting the living ecosystem of fish in the river

water. [2] [3]

223




3-Turbidity NTU : Turbidity is represented by organic materials and inorganic
materials in impurities present in water such as sand, plants and mud. It
became clear from the results of Table (1) that the highest concentration of
turbidity was (22), and the lowest concentration reached (15).Turbidity values
are considered suitable for the growth of most fish species. This ratio provides
a good balance between water clarity and protection from predators. It also
helps maintain the natural environment of fish without negatively affecting

respiration or feeding. [6]

4-Temperature: Temperature is of great importance as it contributes to the
water treatment process by helping to quickly dissolve chemicals and quickly
sediment fine materials. The analysis results showed, as shown in Table (1)
that the highest concentration of heat was 29, and the lowest concentration

was recorded at 27.5.

These values are considered good for the growth of many fish species, and
temperature is one of the most important factors affecting fish life in water. It
affects the rate of metabolism, growth, reproduction, and spawning, as fish
metabolism increases with increasing temperature. Some water quality factors
are also closely linked to temperature. For example, ammonia toxicity
increases and oxygen solubility in water decreases with increasing

temperature. [§]
B- Chemical properties of water

1- Electrical conductivity (EC) represents the ability of water to transmit

electric current. It is a unit of measurement for the dissolved ions of water at
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temperature. It is formed from different organic materials that are poor
conductors, and inorganic materials that are good conductors of electricity. It is
clear from Table (1) that the highest concentration of electrical conductivity

was (951), and the lowest concentration was (913). [7]

These electrical conductivity values are considered suitable for many fish
species, especially those adapted to moderate levels of dissolved salts. These
ranges may be suitable for fish such as tilapia and carp, which can live in

environments with low to moderate salinity.

2-Alkaline calcium carbonate CaCo3: It was shown through the results of
laboratory analyses shown in Table (1), that the highest concentration of

calcium carbonate was (158), and the lowest concentration was (153).

Alkalinity values are suitable for fish growth, as they help stabilize the pH and
provide an ideal environment for the growth of algae and microorganisms that

are part of the fish food chain. .[9]

3— Calcium Ca: Calcium is a positive element and water is classified
according to it into water poor in calcium, water with medium calcium content
and water rich in calcium content. Calcium is also one of the causes of water
hardness and it is clear from Table (1) that the highest concentration of

positive calcium ions in the country reached (90), the lowest percentage (83)

Calcium is considered essential for fish growth, as it helps strengthen fish
skeletons and improve nervous system function. It also plays an important role

in regulating water pH, contributing to a stable environment for fish growth. [6]

4-Magnesium (Mg) : Magnesium is one of the most widespread alkaline ions
in fresh water, and it represents one of the basic components within the
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chlorophyll molecule. It is noted in Table (1) that the highest percentage of

magnesium concentration reached (25), and the lowest percentage was (23).

Magnesium levels in water are an important factor for fish health, as it plays a
role in regulating vital processes such as bone growth, muscle function, and
the nervous system. Values fall within the appropriate range for freshwater
fish, meaning they are safe for most species such as tilapia, carp, and trout.
However, it's important to monitor the balance between calcium and

magnesium to ensure a stable environment for fish. [10]

5-Chilorides (Cl): These elements are generated as a result of liquid waste
from chemical industries. Heavy water also contains a large amount of
chlorides. Table (1) which summarizes the laboratory results for samples from
the study area, shows that the highest concentration of chlorides reached (89),
and the lowest concentration was recorded at approximately (83). It is noted
that the water in the study area had chloride levels ranging below 142, which
means that it is excellent and safe water for all fish. The effect of chlorides in
water depends on the type of fish and the surrounding environmental
conditions. [6] In general, chlorides are chemical compounds that can affect
water quality and the life of aquatic organisms. Some fish can adapt to high
levels of chloride, especially species that live in salt water, while this level may
have a negative effect on freshwater fish that need a certain balance of

minerals and salts to survive and grow healthily.

6— Sulfates SO4 :Sulfur can be found in fresh water with the positive ion and
surface water has a very low sulfate content, except in areas rich in this

element. This element is found due to industrial waste and sewage. It is clear

226




from Table (1) that the highest concentration of this element was within (234),

while the lowest concentration reached (223).

We find that most of the concentrations have exceeded the permissible limits,
which are less than (200) mg/L. This is due to the effect of laboratory
releases, especially vegetable oils containing high concentrations of (SO4). It
is also due to the effect of sewage water, soil washing operations for the lands
surrounding the river, as well as industrial waste water, as well as the nature
of the pathology of the river basin, which is abundant in gypsum and saline
soils. These factors affect water pollution and lead to a change in the
hydrochemical properties, water quality, and an increase in negative and

positive ions, which negatively affects the presence of fish. .[4]

7-Sodium Na is found in all natural waters and is produced by the dissolution
processes that rocks are exposed to, in addition to the human element, which
has a clear role in influencing the amounts of sodium in water through its
activities. It was shown through the results of the analyses of the samples
taken from the study area shown in Table (1), that the highest percentage of
sodium concentration was (77), and the lowest concentration of sodium was

recorded at (72).

These values are considered within acceptable limits for some species, but
may be unsuitable for others that require lower concentrations to maintain a
healthy environment. Fish living in brackish water may be better able to adapt

to this concentration, while more sensitive species may be adversely affected.

[3]

227




8- Potassium K is similar in importance to sodium, and its presence is close
to sodium, but its concentration is lower because it is more resistant to
weather factors and easier to absorb. It was concluded through the results of
the analysis, as shown in Table (1), that the highest concentration of

potassium was 3.5, while the lowest concentration of potassium was (3.3).

Potassium in these proportions is acceptable as it is essential for fish growth
and aids in metabolic processes and the transfer of nutrients within the body's

cells. [8]

2- The second section extending between the mouth of the Diyala River
and the Sheikh Saad District , The site is characterized by unique
geomorphological and environmental characteristics that influence fish
distribution and human activities in the area. According to studies, this section
of the Tigris River is experiencing changes in its course due to natural and
human factors, affecting river sediments and the islands that form in the area.

[10]

The environmental characteristics of this site also include soil and
sedimentation and their impact on water quality, making it an area of
importance for environmental and hydrological studies. In addition, the
confluence of the Diyala River and the Tigris River contributes to the formation
of a diverse aquatic environment that impacts the biodiversity of fish in the

region.

Table 2: The fundamental physical and chemical traits of the water sample at

the second site
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S PH T.D.S | N.T.U | Tem EC Caco Ca Mg So4 Na Cl K

S1 6.9 780 24 26 971 106 88 68 367 137 78 4

S2 7.1 771 23 28 967 115 93 77 401 146 86 5.3

S3 6.6 778 25 28.5 961 118 85 67 388 148 80 6

S4 6.9 781 27 30 965 111 94 71 387 150 75 5.4

A - Physical Properties:

1 — pH: We note from the analysis results, as shown in Table (2) that the
pH value varied from one sample to another, as the highest concentration was
recorded which reached 7.1, and the lowest concentration was 6.6. These
values range between the appropriate range for the growth of most fish
species, which ranges between 6.5 and 8.5 for most fish species. These
values are considered ideal values for fish growth, reproduction and biological

development. .[3].

2 — The amount of dissolved or total salts (T.D.S) It was shown through
the results of laboratory analyses, as stated in Table (2), that the highest
concentration rate was (781), while the lowest concentration rate of dissolved
salts was (771), These values are within the relatively high range for
freshwater, but they are not extremely salty, and many species of fish can live

in such water, such as tropical fish and some species such as gobies. [5]
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3-Turbidity NTU : It became clear from the results of Table (2) that the
highest concentration of turbidity was (27), and the lowest concentration
reached (23), These values are considered moderate to relatively high in river
water. Most river fish, such as carp and tilapia, can adapt to these levels.
However, if turbidity increases further, it can affect respiration and vision. High
turbidity can restrict light penetration, affecting the growth of aquatic plants and

algae, which can reduce the oxygen available to fish. .[9]

4-Temperature: The analysis results showed, as shown in Table (2) that the
highest concentration of heat was 3(), and the lowest concentration was
recorded at 26, These values are considered suitable for many fish species,
but their suitability depends on the type of fish living in this environment.
Tropical fish (such as tilapia, mollies, and gobies) thrive in this temperature
range, as it is ideal for their growth and reproduction. In this range, the growth
rate and activity of fish increase. However, if the temperature rises above
30°C, the level of dissolved oxygen in the water may decrease, affecting the

health of the fish. .[5]

B- Chemical properties of water

1-Electrical conductivity (EC) :It is clear from Table (2) that the highest
concentration of electrical conductivity was (97 1), and the lowest concentration
was (961), These values are considered relatively high for freshwater and are
due to pollution and industrial discharge, which pose a risk to fish health, as

some heavy metals or dissolved chemicals can be harmful to fish life. [6]
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2-Alkaline calcium carbonate CaCo3: It was shown through the results of
laboratory analyses shown in Table (2), that the highest concentration of
calcium carbonate was (106), and the lowest concentration was (118), These
values are suitable for many river fish, but they may be a little high for some
species that prefer less alkaline environments as they help stabilize the pH of
the water, providing a suitable environment for fish growth. These values also
provide a good level of calcium, which helps in the formation of bones and
scales in fish and maintains a stable water environment, which helps fish grow

healthily. [10]

3- Calcium Ca:. Calcium is also one of the causes of water hardness and it
is clear from Table (2) that the highest concentration of positive calcium ions in

the country reached (94), the lowest percentage (85)

These values are considered suitable for the growth of river fish, especially
species that depend on water minerals to maintain healthy bones and scales.
They also provide a supportive environment for the growth of aquatic plants

that form part of the diet of some fish. [5]

4-Magnesium (Mg) : It is noted in Table (2) that the highest percentage of
magnesium concentration reached (77), and the lowest percentage was (67),
These values are considered at the upper limit for freshwater but may be
suitable for some river fish, provided that other minerals such as calcium and

pH are balanced to ensure a healthy environment for the fish.[9]

5-Chilorides (Cl): Table (2), which summarizes the laboratory results for
samples from the study area, shows that the highest concentration of chlorides

reached (86), and the lowest concentration was recorded at approximately
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(75), These values are suitable for some river fish that tolerate higher levels of
chloride, such as carp and tilapia. [3] Chloride helps regulate the osmotic

pressure of fish, enabling them to adapt to fresh and brackish water.

6— Sulfates SO4 : It is clear from Table (2) that the highest concentration of
this element was within (401), while the lowest concentration reached (367),
Sulfates are relatively high in freshwater, but their impact on fish life depends
on the species and the stability of the ecosystem. Moderate concentrations of
sulfates help regulate fish metabolism and contribute to the balance of other
minerals. However, high levels can lead to respiratory and digestive
disturbances in fish and can affect the pH, potentially destabilizing the water
environment and impacting fish reproduction. They can also increase corrosive

effects within the aquatic environment, affecting plants and algae.

7-Sodium Na It was shown through the results of the analyses of the samples
taken from the study area shown in Table (2), that the highest percentage of
sodium concentration was (150), and the lowest concentration of sodium was
recorded at (137), These values are considered within acceptable limits for
some fish species, but this depends on the species and its adaptation to
different salinity levels. Some species may tolerate higher concentrations,
while others may be adversely affected if the water is unbalanced in other

elements, such as nitrates and phosphates. [§]

8- Potassium K It was concluded through the results of the analysis, as
shown in Table (2) that the highest concentration of potassium was (6) while

the lowest concentration of potassium was (4).
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These values are suitable for the development of fish, as potassium is an

essential element of the important processes of fish, as it affects the fluid

balance in their body and contributes to cell and muscle function. [4]

Comparative Statistical Analysis Between the Two Study Sites:

Table(3) of Mean Differences for Selected Physical and Chemical Parameters:

Parameter Mean Site 1 Main Site 2 Absolute Difference

Temperature (°C) 28.25 28.13 0.12

TDS (ppm) 585.25 777.50 192.25

S0, (Sulfates) 228.50 388.75 160.25
pH 7.35 6.88 0.47

EC (nS/cm) 934.25 966.00 31.75
Calcium (Ca*) 86.5 91.5 5.0
Magnesium (Mg**) 24.0 70.75 46.75
Alkalinity (CaCO3) 155.5 112.5 43.0
Sodium (Na*) 75.0 145.25 70.25
Turbidity (NTU) 17.5 24.75 7.25
Potassium (K*) 3.43 5.18 1.75

Discussion

The statistical analysis revealed significant differences in several environmental

parameters between the two sites. Site 2 showed notably higher

concentrations of sulfates (SO4), total dissolved solids (TDS), magnesium

(Mg?*), and sodium (Na*), suggesting possible influence from anthropogenic
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sources such as industrial or agricultural runoff—especially near the confluence

with the Diyala River.

In contrast, Site 1 maintained more stable pH values, higher alkalinity, and a
more favorable calcium profile, creating a more supportive environment for
sensitive fish species, These findings emphasize the importance of
environmental monitoring and targeted water management strategies in Site 2
to maintain the ecological balance and support aquatic biodiversity in the Tigris

River.

Summary:

Environmental factors play an important role in determining the distribution of
fish in different water bodies. Temperature, salinity, accessibility of food, as
well as pollution and effects of water currents, determine all the suitability of
the environment for the development and reproduction of fish. It is important to
monitor and analyze these factors to ensure a healthy ecological balance,
which contributes to the stability of fish shares and the protection of
biodiversity. The two places studied in the two places compared the values of
physical and chemical factors for water and their effects on the development of
permanent fish showed that the first place had more appropriate functions for
fish life and reproduction, while the second place had a few more values, but

within the limit suitable for many fish species.

Recommendations and suggestions:
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The recommendations and suggestions are directed toward several key
stakeholders, including governmental and environmental authorities, local
administrative bodies, farmers and fishermen, as well as regulatory and public

health agencies.

1-pedagogical management of water resources: Prioritizing the preservation of
natural fishing houses should be adopted to ensure similar water distribution

between different areas.

2—- Parag Control: Use strict laws to prevent emissions of pollutants in water
bodies, and set up water treatment plants to improve the water quality of the

river.

3- Fishing Regulation: Use laws that regulate fishing activities and stop

incorrect practices by helping fishermen to use fish methods.

4-Aquaculture Promotion: To reduce the pressure on natural fish shares,
encourage fishery projects, which will help maintain the ecological balance of

the river.

5-Communication awareness: Increase awareness of the importance of
conservation of fisheries through media campaigns and educational programs

aimed at fishermen and local communities.

Key words: Fish distribution. Environmental factors. Water quality.
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Abstract

The Covid-19 pandemic has always affected all life facilities, dental clinics, like other
institutions. research goal is to reach the patient's evaluation of the competency of the
service offered to him in the clinic during the pandemic.
Three classification- data mining algorithms -decision tree, logistic regression and
cluster analysis- were used to rank clinic reviewer opinions.
Using the programming languages (HTML, PHP, My-SQL) an electronic system has been
created that provides services and facilitates the procedures for organizing reservations
and making appointments....Etc., according to the necessary, safety instructions during
the pandemic. The System Development Lifecycle (SDLS) methodology is used to
determine the level of service efficiency, and ODBC is used to send data from the
database to SPSS-V26.

The study variables, like the possibility of returning to the clinic, which has the
greatest potential to classify observations and is contributing the most to differentiating
for each of the two clusters, have a statistically significant relationship with the
likelihood that you will recommend this clinic to others, A list of findings were included
in the research's conclusion..

Keywords: Database, Relational Database, SQL, ODBC, Multivariable Analyses , CHIAID
algorithm, Logistic Regression algorithm, Two-Step Clustering algorithm, Dental Clinics.

1. Introduction

Health institutions seek to prove their existence, by providing the best possible services,
especially providing the best is the key to achieving progress and excellence to reach the
highest levels of satisfaction, as the patient has become the focus of attention.

many clinics have stopped working due to the risks faced by health workers, at a time
when demand has decreased due to patients’ “fear” of resorting to services. And while the
dentists are taking more precautions at the moment, many of these procedures are just an
extension of their regular routine. A spokesperson for the American Dental Association
stated: ""In dentists" offices, we used to take comprehensive preventive measures, such as
disinfection and personal protective equipment (PPE), before they became common."

The patient’s condition, “may be unprepared, worried about his health, or looking after an
elderly relative, or afraid to see a doctor, so he acts cautiously and does not want to take
risks”, Thus, the person responsible for fixing the reservation in the clinic is constantly
working to deal with the many postponed appointments, and communicates with patients who
are scheduled to undergo treatment to organize alternative appointments. In our research, we
highlight the level of services in government and private dental clinics during the COVID-19
pandemic and their opinion of the preventive and curative services provided. In this research ,
Data mining techniques were used, such as algorithm of (CHAID tree, logistic regression and
clustering), to reach the goal of the search.

There are some studies were done in the same filed but in another place ,such as a study gotina
“Valencia primary dental care facility- SPINE” to assess parents' contentment with the dental care
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their kids, by using CHAID algorithm and decision tree , the researchers conclude the parents who
participated in study were contented with the of their children received[1]. Also, by using the
statistical modeling and CHAID analysis ,. et.al. [2] . conclude that there is an urgent need to create
inclusive public policies because the state's epidemic is getting worse. Another study for [3] . It uses
conventional psychometric measures to assess healthcare personnel's reported psychological well-
being by using the decision tree model

Not only in the health field, the CHAID algorithm was applied. A case study: the National
Opinion Research Center of the U. S. chose to assess the job satisfaction in the U. S. and and the
factors affecting it.[4].

In order to better the education institution, researchers took refuge to use the CHAID algorithm
and decision tree to examine students' perceptions of the academic program and student services
offered by the university to discuss how to upgrade their establishment.[5].

2. Theoretical Part

There are several techniques in data mining, the selection of the appropriate ones
depends on the nature and size of the data under study[6], Data mining can be implement in
comparison with the data market and data store. Figure 1 showing the data mining technique

which can use .

Eal atabase

Figure 1. Data Mining Technique
Sourc:[6]

There is no specific theory based on to choose the appropriate data minig technique,
Usually the choice is made based on the experience in this field and the actual techniques
effective, the superlative between traditional techniques and modern techniques to the extent
that the appropriate tools are available, However, with the increase of experience, we can
evaluate the options and select the appropriate ones for the application. [7] .

2.1 Data Mining Models
As Figure 2 showe, the Predictive Model : It works on the future prediction of the
mechanism of data work, based on a model whose data has been previously trained.[8][9] .
The Descriptive Model : It analyzes the data in order to extract the relationships and
correlations between them, and to reveal the characteristics of the data to build a model that
did not exist previously. For instance, Clustering Analysis<Association Rules Analysis «..etc
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Sourc:[9]

2.2 Data Mining Technique

Research progress in data mining and knowledge discovery, has led to the many of data
mining techniques coming to lights , which are built on three strong technical pillars:
database, mathematical statistics, and artificial intelligence, our interest in this researchare

2.2.1 Classification
The major goals of a Classification algorithms are to make the predictive accuracy

obtained as large as possible by the classification model[6] [10] .

2.2.1.1 Decision Tree
"uses as a predictive model which maps observations about an item to conclusions about the

item's target value".[11] [12], The algorithm which used in this research is CHAID (“Chi-squared
Automatic Interaction Detection™) [13], it’s a technique depends on the 2 test - eq.1- and
employs a step-by-step procedure

The creating of nodes and sub-nodes among the predictor variables is significant.[14] [15].

2.2.2 Logistic regression
is "a method in which the Y response variable has a binomial distribution. To

determine probabilities of success P(Y = 1|X), and defeat P(Y = 0|X).[16] [17] The odds
are defined as in eq.2" .[18] .
@) _P(Y = 1|X)]| o P(Y = 1|X)
CP(Y =0|X) 1P = 1|X)

"The linear dependencies between log-odds-logit- and input variables are analyzed as" in eq.3

et

Py = 1/X) J:Xﬂ = PXp)= m..........(ﬂ

n(e) :‘“(m

where f = (f1,...,fm) € R™. From Equation (3) [19]
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2.2.3 Two-Step Cluster algorithm

"is a statistical method[9] for assigning data into subgroups with related
characteristics" [7].

The procedure is performed by constructing a cluster feature (CF) tree, which contains the
cluster centers.

"To automatically determine the number of groups, the method uses BIC (Schwartz
Bayesian Information Criterion) or AIC (Akaike Information Criterion) which is calculated
for each number of clusters from a given range; This indicator is then used to find a
preliminary estimate of the number of clusters.”[20] For groups J, the two indicators are
calculated according to equations (4) and (5) below:

4
BIC({]) = —ZZ £+ my log N o [ 4)
J=1

whfﬂ‘ﬂ my =] {264 + TE2, Ly — 1} .. (6)

3.Materials & Methods

In order to obtain the necessary data, a questionnaire - with three point Likert Scale (Agree,
Neutral, Disagree)- was designed that includes factors of interest to dental clinic references
during the Covid-19 pandemic, and distributed to reviewers in different dental clinics.

Xi:Gendar, X2:Age(20-,30-,40-,50-59), Xs: Kind's clinic (Private, general), Xa: Help in
booking an appointment at the clinic, Xs: The receptionist pays attention to you and obliges
you to follow prevention methods (wearing a mask and gloves), Xes: The time between your
request for an appointment and your presence at the dentist, Xz: Adequate working hours, Xs:
Cleanliness of the clinic and the provision of means of dusting, sterilization and appropriate
ventilation, Xo: Conducting a preliminary examination for those who enter the clinic as an
indicator of temperature or something else, Xio: Not allowing the patient to accompany him,
except in critical cases, Xii: Availability of a waiting room with social distance, Xio:
acceptable waiting period for the patient to see the dentist, Xi3: Availability of a worker
responsible for wiping surfaces and door knobs periodically during working hours, Xaa:
Measures taken to prevent infection in the patient's examination room, Xis: The measures
taken by the clinic staff to protect you from infectious diseases and radiation, Xis: The period
of stay for the dentist with you, Xiz7: The interest shown by the dentist about your questions
or concerns, Xis: Explain your treatment options in an understandable manner, Xio: The
competence of the dental assistant and his interest in guiding and educating you to maintain
oral and dental health, X2o: Information provided on ways to avoid dental problems in the
future, X21: Comprehensive examinations and treatment, X22: The interest shown by the
dentist in general, X23: Overall evaluation of the care provided in the dental clinic, Xaa:
Collaboration and teamwork demonstrated by the dentist's team, Xzs: General assessment of
the skill of the dentist, X26: Your trust in the dentist, Xz7: Possibility to review the clinic again
when needed, Y: Chances that you will recommend this clinic to others. Reliability was
calculated using Cronbach’s alpha.

3.1 Databases System
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Databases are designed to suit the movement and flow of data in addition to organizing
the operations of saving, recovery and modification, in consideration the availability of
access and protection, and the possibility of expanding these databases, whether in terms of
the increase in the number of users or data or tables and the resulting complexity in query
sentences, Figure 3 shows — respectively- the database table and relation database of our

Employment - Usarld PE.
Mty FX EanplD PE Uaei Ty
el s | | Empama i Unariama
Bender®ame Empiiend Email
MenaDate FanBirtly UseiPas
MenaSubject EmplabTitle UsarMabo
MassContent B
EanjEmad ! TmeNo PR
- Haoie
ProNo BE Yabi
ents
Flan A PID  PE 1
P e | - BeolD FE.
PiBiarth B0 FE
Toath MAP Pradd Chiso  FE .
Taothia BE Dlzcdlraup 23?;,‘:
S Pifhons . HaWay
Note Expll (
L ExsmStarur TronilDs FE
BAmvall TType
ETyps
Modical Hiztory e
MafReN0 PR FK
EMFID gﬁc:m rE
uuuuu FE Frala FE
...... FE HosName - 1
HadtacD: PastSurg E’.,T,m\.. FE
- - - = Fiiisgry FE X-Ray
?‘“::TB PE 1 TamNG - Dispnais
;_‘. ko SmokStatus DisaalD
Duasions = DrinikAleh TeaatlD
' = Naotss WVisisDiate
ar
FID FE == initFras
&+ s
1 Eailiosio
Q2 TotalCost
a PaiéCon
o B
g: i Vot
Q7 TiemNa 3 1 ;’;?;,L:'v
Qi Drigliama
e Hats
Qe
ai1
qu2
Qu
gla
Q13
als
a7
Qi
alé
Q0
Q1
Qa2
Q1
Gla
Qi3
as
Q27
L

Figure3. Relational Database
To take advantage of the volume of available data and the above-mentioned databases, an
has been created, in line with modern technology in the use of databases, which can be linked
to other systems.
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Patient i - Analyse Syster

Employment

Figure4. analyze system( User Case)

When logging in, and in order to be ensure about the protection of information, the user is
allowed to log into the system with his name, password and doctor ID number.

The system, not only doesn’t allow its users to access the account of others and see their
private information, but also restricts the content of the screens according to the user
permission.

The (PHP) language ensures protection by rejecting repeated attempts to log in, NOSQL
Injection, and activating all authentication functions to ensure the correct entry.

Some features of the system are Adding, Viewing, Modifying, Deleting, And Searching.

The doctor or his assistant are allowed to add everything new to the patient’s visit profile,
starting from the status of his booking - new, confirmed, postponed, canceled - and the
required data on the visit schedule, new patient mean new file open, View the patient's
medical record by entering his number , modify or delete the patient's medical record , Allow
users to inquire about doctors or patients by number, full name, or username of the doctor or
patient.

3.2 CHAID Algorithm
Table 1. Model Summary Of CHAID methode

Dependent Variable Y
Independent Variables X1 — X7
'WValidation none
Sp ecifications |Maximum Tree Depth 3
Wl srpeems vy i) Pt Mo 100
Minimutn Cases in Child Node
Minimum Cases in Child Node 50
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dependent Variables Included
Number of Nodes 7
Results Number of Terminal Nodes 4
Depth 3

Tree diagram in Figure 5 show, the most significant independent variable is X7
“Possibility of revisiting the clinic”,

Xo7 at 0=0.001: (#* = 165.221,df = 2P0 = 0.000). As the first steep, it splits the
sample of (407) responses, into 2 groups containing different groups of X7 presented as node
1 & 2. The first node, included (215) respondents from the variable X27 which coded (3:
disagree), while the second one is terminal node included (92) respondents from the variable
X27, which coded (1: agree, and 2: neutral) within tree's second level , one statistically
significant variable Adequate working hours (X7) is identified at 0=0.05,
(3% = 14.853,df = 2,P,0m. = 0.002 ), which in turn leads us to the third and fourth node.
Node3, included (150) respondents from the variable X7 which coded (3: disagree), while
Node4, included (50) respondents from the variable X7 which coded (1: agree, & 2: neutral).

Within tree's third level(final) :

Gender: Xi, it is significant for splitting of Nodes5 and Nodes6 at a=0.05,
#? =6.253,df =1,p,,,, = 0.012

Generally, the leaf tree frame, (fixed as 4, 5 & 6) pertain to (3: disagree with recommend
this dental clinic to others), and one (marked as 2) pertain to (2: indifferent to recommend
this dental clinic to others).

In fact, the track from the root to the leaf nodes produce some rules for classifying
reviewers' opinions (in one of the variable-specific categories, for example, the rule in
Node6: Who does not want to visit the dental clinic again, and the working hours are not
suitable for him , 89.6% would not advise anyone else to visit this clinic, and the other rules
derived can be explained by a similar tactic.

To finish the process of classification, all its performance have been assessed. Our
findings suggest that if the reviewers’ opinions in terms of the 3 indep.var. are known, the
hazard of inaccurately classified -based on entire sample- is 17.9%, with std. Error is 0.02.
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Figureb. Decision tree analysis with CHAID model.

Table 2. presents the classification CHAID

Reviewers’ Opinions Predicted - Corre.c.tly
Agree Neutral Diss. agree Classified
1:Agree 0 20 4 0.0 %
Observed Z:Neutral 0 57 16 78.1%
3:Diss-agree 0 15 195 92.9%
% Over all 0.0 30.0 70.0 82.1%

In accordance with the table 2 , It can be said that in general the accuracy of the model is

82.1%, the model accurately ranked (252) out of (297) in the sample under discuss.
Significant differences can be observed in the classification accuracy, according to the

categories of the variable.

3.3 Multinomial Logistic Regression (MLR) Al
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The(MLR) model's estimation and testing steeps is "The chances that you will
recommend this clinic to others".

Independent categorical variables (27) were selected for inclusion in the multivariable
logistic regression model. As shown in Table 3, the 2 test for the last model, the 2 - Log
Likelihood for the full model (86.835) less than it is for the null model (491.546), the
likelihood ratio represents the unexplained variance in the outcome variable.

The Likelihood Ratio chi-square test which is a test of goodness-of-fit, for model
predicts, ¥* (106) =404.710, p < 0.001,

Table 3. Model Fitting Information

Model Model Fitting Criteria Likelihood Ratio Tests

- -2 Log Likelihood Chi-Square | df Sig.
Intercept Only 491.546

Final 56835 404.710 106 000

the resp. var. explained by the predictors indep.var., 73.2% of the variance in dep.
variables (the proportion of variance) according to "Cox and Snell R? " value, 91.7 %
according to " Nagelkerke R? " value, and 82.3% according to "McFadden R?" value.

Table 4 illustrates the likelihood ratio test, As the results shown, it can be seen that
relationship between some of the independent variables (X27,X26,X24,X21 respectively) and
the dependent variable is a statistically significant

Table 4. Evaluate the relationship between variables and the dependent variable

Eif Model Fitting Criteria Likelthood Ratio Tests
et 2 Log Likelihood of Reduced Model Chi-Square DF Sig.
Intercept 86.835 .000 0 .

X1 88.918 2.082 2 353
X2 90.194 3.358 6 .763
X3 90.223 3.387 2 .184
Xa 94.973 8.138 4 .087
Xs 92.836 6.001 4 199
Xs 88.825 1.990 4 738
X7 88.648 1.813 4 770
Xs 87.794 .959 4 .916
Xo 87.979 1.143 4 887
X10 86.845 .009 4 1.000
X1 88.213 1.378 4 848
X2 89.333 2.497 4 645
Xi3 94.873 8.038 4 .090
X14 90.868 4.033 4 402
Xis 88.836 2.001 4 736
X6 88.023 1.188 4 880
X1z 91.994 5.159 4 271
Xis 88.067 1.232 4 .873
X9 88.015 1.179 4 881
X20 89.694 2.859 4 582
Xa1 96.904 10.068 4 .039
Xa22 92.380 5.545 4 236
X23 88.697 1.862 4 761
Xa4 96.790 9.955 4 041
Xas 86.933 .098 4 999
X26 101.653 14.817 4 .005
Xaz 394.129 307.294 4 .000

Correct classification rates for the MLR model as shown in Table 5, It indicate that the
accuracy of the model is 95.4, and the expected values according to the dep. variable (7.8,
22.5, 69.7) % isn’t significantly different from that in the main data (100.0, 87.7, 97.6) %.

Table5. classification rates for the MLR model
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Predicted

Observed Agree Neutral Disagree Correctly Classified
1:Agree 24 0 0 100.0%
2:Neutral 0 64 9 87.7%
3:Diss-agree 0 5 205 97.6%
% Over all 7.8% 22.5% 69.7% 95.4%

3.4 Cluster Analysis

As shown in table 6, although the lowest "BIC coefficient" is for 7 clusters, according ,
the optimal No. of clusters is two, because the lowest value of the Schwarz’s Bayesian
Criterion as well as the largest proportion of space is for two clusters

Table 6.Cluster Distribution

Schwarz's Bayesian Criterion Ratio of EIC | Ratio of Distance
Number of Clusters BIC) BIC Change Change Measires

1 13879.447

2 12679.278 -1200.170 1.000 2.198
3 12304.983 -374.295 312 1.579
4 12183.328 -121.654 101 1.117
5 12107.391 -75.937 .063 1.239
6 12106.766 -.625 .001 1.382
7 12193.355 86.589 -.072 1.052
8 12291.273 97.917 -.082 1.070
9 12403.394 112.122 -.093 1.130
10 12538.898 135.504 -.113 1.065

The clusters distribution is shown in Table 7

Table 7. Cluster Distribution

N % of Combined % of Total
1 240 78.2% 78.2%
Cluster 2 67 21.8% 21.8%
Combined 307 100.0% 100.0%
Total 307 100.0%

Cluster Sizes

From cluster quality in Figure 6 show the value of average silhouette is 0.358
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Figure6. silhott measure of cohesion separation

As our interest is to know the important variables that affect the opinion of reviewers to
visit the dental clinic during the Covid-19 pandemic, Figure 7 show that X7 , Xo1 then
Xo6,X7,X24, X13,X17 are the most contribute to differentiating the first cluster and Xo7 , Xos ,
Xa1, then Xis, X17 , X1 differentiate the second

1.0
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Figure?7. Variables Importance for Clusters one & cluster 2

4. Conclusion

In accordance with CHAID Algorithm, In general the model accuracy is very good.
Although the differences can be observed in the classification accuracy, the our data the
variable X27: Possibility of revisiting the clinic has the biggest potential to classify
observations

In accordance with Multinomial Logistic Regression Algorithm (MLR), The change
value of Model Fitting Criteria for the final model and the null model indicate better fit,
and the test of goodness-of-fit indicates significant model predicts. From Cox and Snell
R2 value, Nagelkerke R2 value, McFadden R? value, the predicted model was able to
explain the variance in the conviction of individuals well. There is a statistically
significant relationship between: (X21: Comprehensive examinations and treatment),
(X24: Collaboration and teamwork demonstrated by the dentist's team), (X26: Your trust
in the dentist), (X27: Possibility to review the clinic again when needed) and the
dependent variable (y: Chances that you will recommend this clinic to others). The
correct classification rates for the MLR model are highly valued, on other hand, there is
no significant different between the expected values of the dep. variables and the main
data.

In accordance with 2-steeps cluster algorithm indicate that The optimal number of
clusters is two, with size 78.2% and 21.8% respectively. From silhouette measure, the
cluster quality is fair. The categorical variables which contribute the most of
differentiating for each two cluster are: (X27: Possibility to review the clinic again when
needed) ,( X24: Collaboration and teamwork demonstrated by the dentist's team) and
(X21: Comprehensive examinations and treatment).
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Abstract

Because mobile phone use is so widespread (it was estimated in 2011 that
there were around five billion mobile phone users), public concerns about the
possible health effects of mobile phones receive a lot of coverage in the media.
Because so many people use mobile phones, medical researchers are concerned
that any associated health risks, even small ones, could cause significant public
health problems. It is important to understand the risks and possible effects of
mobile phone use, and make up your own mind about how you use your mobile
phone.

A total of (10) (84 % ) out of 12 physicians consented to participate in the
study , with 2 (16 %) refusing to participate ,bacteria isolated from doctor
mobile phone were, staphylococcus spp. was the predominant bacteria, found at
100% prevalence, on both the upper and lower surfaces of the doctor personal
mobile phones ,15 % pseudomonas spp. and 5% Klebsiella spp.

Seventeen (90%) out of 19 laboratory workers consented to participate in the
research study , while 2 refused (10 %),the prevalence of bacterial isolate from
personal mobile phones were , 100% staphylococcus spp was the dominant
bacteria on both the upper and lower surfaces of the personal mobile phones of
laboratory workers, 67% E.coli, 19.2 % klebsiella spp. and 22 % pseudomonas

spp.
A total of 14 (88 %) out of 16 hospital nurses consented to participate in the
research study ,with 2 (13 %) refusing to participate, the prevalence of bacterial

isolate from personal mobile phones were, 100% staphylococcus spp was the
dominant bacteria on both the upper and lower surfaces of the personal mobile
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phones of laboratory workers., 34.5 % E.coli , 50 % klebsiella spp. and 11.5 %
pseudomonas spp.

A total of 9 (90 %) out of 10 patient accompany consented to participate in the
research study ,with 1 ( 10 %) refusing to participate, the prevalence of bacterial
isolate from personal mobile phones were, 100% staphylococcus spp was the
dominant bacteria on both the upper and lower surfaces of the personal mobile
phones of patient accompany, 9.1 % klebsiella spp.,18.2% pseudomonas spp.
and 9.1 % streptococcus spp.

A total of 11 (84 %) out of 14 hospital administration consented to participate
in the research study ,with 4 (16 %) refusing to participate, the prevalence of
bacterial isolate from personal mobile phones were , 100% staphylococcus spp
was the dominant bacteria on both the upper and lower surfaces of the personal
mobile phones of hospital administration, 9.1 % klebsiella spp., 18.2 %
pseudomonas spp. and 9.1 % streptococcus spp.

Introduction

The global system for mobile telecommunication was established in 1982 in
Europe with a view of providing an improved communications network in many
countries, mobile phones outnumber landline telephones since most adults and
many children now own mobile phones. At present, Asia has the fastest growth
rate of mobile phone subscribers in the world. Today, mobile phones have
become one of the most indispensable accessories of professional and social life
with advancement in telecommunication, mobile phones are used for internet
browsing, text messaging, ticket booking, listening music, GPS, and many
applications. The vast majority of mobile phones are hand-held Because of the
advancement and benefits of the mobile phone, the utility level because high

and it is easy to overlook it's hazard to health.

This constant handling of the phone by different users exposes it to an array
of microorganisms, and makes it a good carrier for microbes, especially those

associated with the skin resulting in the spread of different microorganisms
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from user to user Although they are usually stored in bags or pockets, mobile
phones are handled frequently and held very close to the mouth, and exposed
frequently to the face. However, the mobile phones are used routinely all
daylong but not cleaned properly All mobile phones under consideration were
infected by several microbes, most of which belongs to natural flora of the

human body as well as airborne fungi.

A study reported that many species of commonly found bacteria's such as
Staphylococcus aureus, Staphylococcus epidermidis, pseudomonas aeruginosa,
Neisseria sicca, Micrococus luteus proteus mirabilis, were identified on mobile
phone surface This indicates the necessity to maintain the mobile phones at
adequate level of cleanliness. It was reported that a mobile phone can harbor
more microorganisms than a man's lavatory seat, the sole of a shoe or the door

handle.

Contamination of mobile phones can be through sources such as human skin
or handbag, phone pouch, bags, pockets, environment and food particles. These
sources are links through which microorganisms colonize the phone, thus
causing diseases that range from mild to chronic Although, microorganisms
isolated so far by health researchers are mostly normal flora of the source of
contamination, they may serve as mobile reseroirs for infections, allowing the
transportation of the contaminated bacteria to many different clinical
environments further, sharing of mobile phones between people may diretly
facilitate the spread of potential pathogenic bacteria to the community.

The potential of mobile phones as vectors to nosocomial infection has been
studied before mobile phones were found to carry microorganisms because
count of bacteria increases at high temperature and our phones are ideal
breeding sites for these microbes as they are kept warm and snug in our pockets

and handbags. The important factors of contamination are the personal hygiene
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level, location, frequency of usage, duration of usage of the phone and possible
number of users. Mobile phones may get contaminated by bacteria (such as
Escherichia coli, pseudomonas aeruginosa and klebsiella), which cause hospital
infections, and may serve as a vehicle for the spread of nosocomial pathogens
Since the same phone is used both inside and outside of the hospital, the phone
If contaminated plays a major role in the spread of hospital infection bacteria to
the community at large Type of microorganism that occupies the hand phones
the most according to studies are the Coagulase negative Staphylococcus,
followed by Staphylococcus aureus, thirdly E.coli, followed by other
microorganisms like Klebsiella pneumonia,. And p.aeruginosa the frequent use
of mobile phone can lead to nosocomial disease which is caused by bacteria like
Staphylococcus aureus, pseudomonas, there are various diseases associated with
the mobile phone contamination. Some of the diseases are mobile phone
dermatitis, in which people who spend longtime on their mobile phone develop

an allergic reaction to the phone's nickel surface.

The problem was identified in several published case reports patients with
unexplained rashes on their face and ear. Closer investigation revealed that the
reaction was caused by nickel in the mobile phone handsets where it is often
found in the casing or buttons, particularly in the most fashionable models.
Beside this mobile phone affect sperm motility, which an experiment conducted
to exposure of human sperm to a mobile phone for 5 minutes significantly
decreased sperm motility then in another study the exposure of mobile phone
during pregnancy and after birth increased fatal and neonatal heart rate and

decreased with increasing gestational age.

Exposure to mobile phone on average 34 minutes per day was associated with
decreased nocturnal concentration of hormone melatonin in adults. Mobile
phones have become an integral and indispensable part of daily life. Mobile

phones are increasingly becoming an important means of communication. The
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vast majority of mobile phones are hand-held. Combination of constant
handling with the heat generated by the phones creates a prime breeding ground
for many microorganisms that are normally found on the skin Mobile phones

have also been reported to be a reservoir for microorganisms.

It has been reported that a mobile phone can harbor more microorganisms
than a man's lavatory seat, the sole of a shoe or the door handle Although,
microorganisms isolated so far by health researchers are mostly normal flora of
the source of contamination, they may serve as mobile reservoirs of infection,
allowing the transportation of the contaminating bacteria to many different
clinical environments. Further, sharing of mobile phones between people may
directly facilitate the spread of potentially pathogenic bacteria to the

community.

The potential of mobile phones as vectors to nosocomial infection has been
studied before. These studies reported that the most commonly found bacterial
isolate was Coagulase Negative Staphylococcus (CONSs) as a part of normal
skin flora. Among Health Care Workers (HCWSs), it has been reported that
medical devices like thermometers, stethoscopes and non- medical devices like
computer keyboards, faucet, ballpoint pens, files, books and mobile phone have
an important role in the transmission and spread of microorganisms Bacterial
flora on mobile phones of faculty members may vary in composition, number
and antibiotic sensitivity, to that found on mobile phones of non-faculty

members.

This is probably the first study in Saudi Arabia that attempts to study the
bacterial flora present on the mobile phones of faculty members and personnel,
and to compare it with that found on mobile phones of personnel in terms of
composition, number and antibiotic sensitivity In spite of all the advantages

gained from the cell phones, the health hazard it might pose to its users should
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not be over looked. Cell phones come in close contact with the body such as
face, ears, lips and hands during usage and serve as a ready surface for
colonization of pathogenic as well as non-pathogenic microorganisms. So, in
addition to the health hazards caused by electromagnetic radiation emission, cell
phones could act as a fomite for microorganisms and it can eventually transmit
more than just a call Studies in different parts of India show that predominant
organisms isolated from contaminated cell phones are Coagulase negative
Staphylococci (CoNS) followed by Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, Acinetobacter sp. Enterococcus faecalis, and
Pseudomonas aeruginosa. Multidrug resistant strains were isolated from mobile
phones including Methicillin resistant Staphylococcus aureus (MRSA) and
extended spectrum beta lactamases producing organisms (ESBL), high-level
aminoglycoside-resistant Enterococcus spp, but most of the health professionals
are not aware of the fact restriction of usage of mobile phones in hospital
settings. Moreover, use of the same phones both inside and outside of hospitals,
help to spill out notorious multidrug resistant bacteria of hospital environment

in the community.

The wireless technology was invented in the year 1880 by Alexander Graham
Bell and Summer Tainted when first time the photo phone was invented in the
recent era, there are dissimilar types of mobile phone devices which are utilized
for communicating with each other. The mobile telephone sets are also a part
and parcel of everyday life all over the globe. The Wi-Fi devices are connected
to the exchange of information and data by using the mobile telephones. The

Wi-Fi devices also emit the radio waves.

There are so many wireless devices like cell. Phones tablet pcs, audio players
digital camera's for children the wireless devices are more serious because they
have thinner bony skulls and their neural systems are thin. The network

developed during the installation of WLAN by using the router, transmitter,
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receiver and the admission levels are solid and all the devices communicate
with each other through it. The mobile phone devices also communicate by
utilizing the electronic radiations which are more hazardous and cannot protect
the human physical structure many studies have reported that the majority of
people, including health care workers, do not clean their mobile device. This
poses a potential risk factor, as many doctors and nurses not only carry their
mobile devices with them, but some have also reported using them while

observing patients.

The most widely used disinfecting agent for bacterial contamination of cell
phones in these studies is 70% isopropyl alcohol, which works by damaging the
bacterial cell membrane and denaturing proteins found in the cytosol. However,
recommendations for proper cleaning have not yet been established as many
phone manufacturers recommend against using alcohol to clean their phones
The correlation between a person's microbiome and one's health is so to speak
extremely complex and still rather poorly comprehended] As the research on
this matter continuous, the noninvasive sampling of personal items, like cell
phones, especially in case of healthcare employees can possibly be useful in the
detection and inhibition of the spread of bacteria, hence improving the

prevention of probable cross contamination.

Proper care should be taken while using the wireless electronic devices,
especially at the point-of care. The same rules should also be applied, at least to
some extent, to the patients and visitors of healthcare facilities when they are
accessing their mobile phones, since pathogens could potentially spread through
their personal belongings including their cell phones, as well. Moreover, the
employees of medical facilities and also individuals lacking the medical
background including the patients, should be educated about the possibility of
the spread of bacteria through their personal belongings, including their wireless

electronic devices, since, at least theoretically. Increasing the knowledge about

258




measures to prevent the probable contamination, may indeed led to lower cross
contamination rate

Aims of study

To determine the presence of and characterize the spectrum of bacteria on
mobile phones belonging to medical, nursing, allied health staff, students, and

caregivers. Also, to advice on best practices based on the results obtained.
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Material & Methods

POTERR AN AN B

Place of study:

The study was conducted at medical center over a period of 6-9 months 2017.
Sample size:

The study was conduct over a sample size of 94 phones :-

Individual outside = 16 mobile

Doctor 12 mobile

Laboratory worker = 19 mobile

Nurses 14 mobile

Patient company= 15 mobile

Administrators = 18 mobile
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Sample collection:

Sterile swabs moistened with sterile demineralized water were rotated over
the surfaces of the mobile phone by rotated the surfaces of the mobile phone by
rotating the swabs on the key, mouthpiece, and ear-piece. Sample swabs were

steaked over as the following:
1- Blood agar
2- Nutrient agar
3- MacConkey agar
4- EMB
5- Mueller Hinton agar
Nutrient agar
Direction:-

Suspend 28,00 gms in 1000 ml distilled water, heat to boiling to dissolve the
medium completely, dispense as desired & sterilize by autoclaving at 15 ibs

pressure (121 ¢ ) for 15 minutes mixwell before pouring

e Company Hi-media
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Blood agar
Direction:-

Suspend 40,0 grams in 1000 ml distilled water heat to boiling to dissolve the
medium completely sterilize by autoclaving at 15 (ibs) pressure (121 c) for 15
minutes cool to 45-50 ¢ & defibrinated blood, mix well and pouring sterile petri

plate.
e Company Hi-media
EMB
Direction:-
1- Suspend 36,0 gm of the powder in 1000 ml distilled water
2- Mix thoroughly until the suspensions is uniform

3- Heat with frequent agitation to dissolve the powder completely
AVOIDOVERHEATING

4- Sterilize by autoclaving at 121 ¢ (15 ibs pressure) for 20 minutes

5- Cool to 50 ¢ and shake the medium to oxidase them ethylene blue and to

suspend the flocculent precipitate
6- Pour into sterile petri plates

e Company Hi-media
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MacConkey Agar
Direction:-
1-Suspend 51.53 g of the powder in 1000 distilled water and mix thoroughly

2- Boil with frequent agitation to dissolve the powder completely
AVOIDOVERHEATING

3- Sterilize by autoclaving at 121 ¢ (15 ibs pressure) for 15 minutes
e Company Hi-media
Mueller Hinton agar
Direction:-

Suspend 38.0 grams in 1000 ml distilled water heat to boiling to dissolve the
medium completely sterilize by autoclaving at 15 ibs pressure (121 c) for 15

minutes cool to 45-50 ¢ mix well
e Company Hi-media

Plates were incubated aerobically at 37c for 24 48 h gram positive and gram
negative bacteria were identified as per standard microbiological procedures
depending on gram stain. colony morphology, haemolytic reaction and
biochemical reaction (catalase, coagulase(slide and tube) DNAse production)
Gram negative bacilli were identified by gram staining, colony, morphology,
lactose fermentation, and motility and further biochemical test like indole
production, sugar fermentation and H2S production, urease production, citrate

utilization, and oxidase test.

The bacteria that isolated from mobile phone are tested for resistance and not

resistance for the antibiotic of the following:
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1- Amoxil (AMC 30)

2- Doxy-cyclin (DXTT 30)
3- Methicillin (ME 5)

4- Cipro Floxacin (cip 5)
5- Vancomycin (Va 30)

6- Cefrraxycin (CRO 10)

264




The Result:

yes | percent

No

percent

10 84%

16%

yes

Included Excluded Total
N |percent| N | percent| N | percent
Staph. | 20 | 100% | O 0% 20 100%
Pseudo. | 3 15% | 17 85% 20 100%
Klebsie. | 1 5% 19 95% 20 100%
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One-Sample Test

Test Value =0
95% Confidence
: Interval of the
T af St;?l.esz) Di:‘\lfleeraezce Difference
Lower | Upper
Staph. | 7.937 19 0.000 10.500 7.73 13.27
Pseudo. | 3.464 2 0.074 2.000 -0.48 4.48
N 20
N
N
. -5
SN S N
Klebsie. | Pseudo. | Staph. o
Table (2): Laboratory Worker
yes | percent | No | percent
17 90% 2 10%




L

- 20

- 15

- 10

yes

No

Cases
Included Excluded Total
N | percent | N percent N | percent
Staph. | 18 | 100.0% | O 0.0% 18 | 100%
E.coli |12 | 67% 6 33% 18 | 100%
Klebsie. | 9 | 50.0% | 9 50.0% 18 | 100%
Pseudo. | 4 22% | 14 78% 18 | 100%
One-Sample Test
Test Value =0
_ 95% Confidence
| | |
tailed) Difference
Lower Upper
Staph. |[7.550| 17 | 0.000 9.500 6.85 12.15
E.coli |6.245| 11 | 0.000 6.500 4.21 8.79
Klebsie. | 4.998 | 7 0.002 5.125 2.70 7.55
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‘Pseudo.‘3.873‘ 3 ‘0.030‘ 2.500 ‘ 0.45 ‘ 4.55

- 20
|
- 15
{

- 10

1"\ :

T T T T 0

Klebsie. E.coli Klebsie. Pseudo.

yes | percent | No | percent

14 88% | 2 13%

14
- 12
\— 10
\- 8
6
4
&
T 0
yes No

Included Excluded Total
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N percent N percent| N percent
Staph. 26 | 100.0% 0 0.0% 26 100%
E.coli 9 34.5% 17 65.4% | 26 100%
Klebsie. 5 19.2% 21 80.8% | 26 100%
Pseudo. 3 11.5% 23 88.5% | 26 100%
One-Sample Test
Test Value =0
95% Confidence
: ) Interval of the
T df Slg' " _Mean Difference
tailed) | Difference
Lower | Upper
Staph. | 9.000 25 0.000 13.500 10.41 | 16.59
E.coli | 5.477 8 0.001 5.000 2.89 7.11
Klebsie. | 3.220 3 0.049 2.750 0.03 5.47
Pseudo. | 3.464 2 0.074 2.000 -0.48 4.48
N 30
]_ N oos
| 20
'|L N o1s
| Y10
N
< \I | ‘ 2 ‘ i & o
Staph. E.coli  Klebsie. Pseudo.

Table (4): Patient accompanying
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yes

percent

No

percent

9 90% | 1

10%

- 10

yes

No

Included Excluded Total
N percent N percent | N percent
Staph. 11| 100.0% 0 0.0% 11 100%
Klebsie. 1 9.1% 10 90.9% 11 100%
Pseudo. 2 18.2% 9 81.8% 11 100%
Strepto. 1 9.1% 10 90.9% 11 100%
One-Sample Test
Test Value =0
5 )
Sig. (2- Mean 95% Confidence
df X . Interval of the
tailed) | Difference :
Difference
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Lower | Upper

Staph. | 6.000 10 0.000 6.000 3.77 8.23

- 12

- 10

A o’

Staph. Klebsie. Pseudo. Strepto.

yes | percent | No | percent

11 84% | 3 16%

\— 12
- 10

f
o oe] = o] oe]
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Cases

Included Excluded Total
N percent N percent N percent
Staph. 100.0% 0 0.0% 11 100%
Klebsie. 9.1% 10 90.9% 11 100%
Pseudo. 18.2% 9 81.8% 11 100%
Strepto. 9.1% 10 90.9% 11 100%
One-Sample Test
Test Value =0
95% Confidence
. " Sig. (2- Mean Inte_rval of the
tailed) | Difference |  Difference
Lower | Upper
Staph. | 4.000 10 0.000 2.000 3.77 8.23
. N7
I| - 6
| N
1 s
| N
\ R
|
S S S SNE
Staph Klebsie. Pseudo. Strepto.
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Discussion:

Studies conducted around the world show the prevalence of microbial
contamination in cell phones of medical staff. Study in Turkey showed that 91%
of cell phones of medical staff were contaminated with bacterial agents, study in
India, 99% of cell phones were contaminated with bacteria, study in Nigeria,
30.6% of cell phones of medical staff were contaminated with bacterial agent,

study in Egypt, 96.5% of samples showed positive cultures.

Another study in Turkey, showed that 94.5% of cell phones of the operation
room and ICU personnel were contaminated with various bacteria. Study in
Ghana, 47% of cell phones of medical students were contaminated with
bacteria, study in Kerman, 32% percent of cell phones of medical staff were
contaminated with bacterial agents. Results of in India indicate 70% of
contamination of the cell phones of health workers. Singapore showed that 71%
of cell phones of health workers resulted in positive microbial growth. As
discussed above, some studies reported higher prevalence of microbial
contamination and some showed lower prevalence compared to the reported
prevalence in this study. This may be due to different attitudes towards infection
spread via cell phones and the diversity of cleaning and disinfecting plans in
different countries and different health care centers. Collectively, 8 types of
bacteria were isolated from 30 cell phones, the most prevalent of which was
Staphylococcus epidermidis which was observed in 26.7% of samples (8 cell

phones).

Staphylococcus epidermidis the most important member of coagulase
negative staphylococcus and part of human normal microbial flora located in
nasal mucus and higher respiratory tract. This bacteria was long considered
saprophyte due to its ubiquitous nature and relatively low pathogenicity.
However, in recent decades, as an implantable medical device, such as catheters

273




and prostheses, it emerged as an important nosocomial pathogen. While no
colonies of Staphylococcus epidermidis have been observed on cell phones, cell
phones can transfer these pathogens by contacting with other plastic surfaces
such as catheters or prostheses, and by this way they let them in the body.
Generally, Staphylococcus sp. are becoming prevalent and statistical analysis in
most countries has shown that staphylococcus epidermidis is the most prevalent
cause of sepsis and of common causes of urinary tract infections Cellular
phones due to the their high temperature and moisture content of the operatory
becomes suitable surface for microbial growth. In the present study cultures
from the samples showed potential pathogens such as Micrococcus, E. coli,
Klebsiella, Streptococcus, Staphylococcus Aureus, Moraxella, and

Acinetobacter.

Most of these organisms get killed within hours due to drying, but bacteria
like Staphylococcus aureus and Acinetobacter are resistant to drying. can
survive for weeks, and multiply rapidly in a warm environment In addition to all
these, following hand hygiene protocol is equally important to avoid cross
contamination. Gloves should be worn prior to contact with patients and should
always be changed between the patients. Since glove use does not preclude the
need for hand hygiene after removing them there is definite need to perform

hand hygiene procedure prior to and following direct contact with patients.

Research has found that prolonged use of gloves and the use of products like
disinfectants, composite resins, and alcohol may increase the permeability of
these gloves there are various similar studies in hospital settings which
investigated the microbial contamination of mobile phones. Slim and Abaza
revealed that 100% of their tested mobile phones were contaminated with either
single or mixed bacterial agents and the most prevalent bacterial contaminants
were methicillin-resistant S. aureus and coagulase-negative staphylococci

representing 53% and 50%, respectively. Their finding was consistent with
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previous studies by (UTSUN et al. and ULGER et al). Who reported 100% and
94% levels of contamination besides, there are other studies that reported lower
rates of contamination In comparison with previous studies, our study
population was the largest sample and this was the main strength of our study.
Most of the above- mentioned studies were conducted among HCWs and the

high rate of contamination seemed to be disappointing.

One reason to explain such a high contamination rate among HCWs is
believed to be the unconscious handling of mobile phones while providing
health care services. Besides, there is a lack of awareness about nosocomial
infections and the lack of awareness about the contamination of their devices by
infectious microorganisms among this population undoubtedly, microorganisms
can be transferred from person to person or from objects to hands However,
currently, the direct association between mobile phone bacterial contamination
and individual's status of infection is still unknown. Although, significant
overlap between touch-pad smart phones and the skin microbiome of their
owners has been identified in recent investigations. Therefore, fomites such as
mobile phones can potentially introduce pathogens to areas such as neonatal
units at the same time, mixed infection was found more among laboratory

technicians followed by workers than among doctors and nurses.

Technicians in the hospital laboratory are often exposed to a wide range of
pathogenic and multi-resistant micro-organisms during handling different types
of samples in their work. In the study conducted by TAMBE & PAI) the
isolation of bacterial flora was seen to a greater extent among the laboratory
technicians and the ward boys as compared to the nurses and the doctors similar
findings were reported by Trivedi et al as the highest bacterial contamination of
mobile phones (52%) were found among HCW:s other than nurses and doctors,
followed by nurses (50%) and finally doctors(38%) although most cell phones

tested were contaminated with one or more microorganisms, contamination with
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s.aureus was found in 17 cell phones this represents ahigh percentage of
contamination with this pathogenic organism that is commonly found in toilets
nevertheless, according to our statistical analysis, there was no correlation
between the use of cell phones in toilets and the presence of saureus (p=0,085)
Evidence from previous studies revealed that almost 20% of cell phones
belonging to doctors and nurses are contaminated with pathogenic bacteria
given that medical students are presentin healthcare settings,mobile devices
belonging to this group may act as vehicles for transmission of infection to

patients if these devices are not used cautiously.

Medical staff particularly are likely to use their phones whilst on a ward
round. The phone is used for both personal and work related reasons. The
doctor often uses his/her phone to check doses of medication, to calculate doses
of medication, to look up causes of a particular symptom or sign, to read up on
side effects of drugs/etc. Not all doctors clean their hands before or after using
their phones, particularly if their phone rings whilst they are examining a
patient. This exposes both themselves as well as their patients to risk of
transferring infections. The doctor can transfer microorganisms from the patient
to their own hands, and from their hands to their phones, and from their phones
to their faces, mouths and ears. In reverse, the doctor can transfer
microorganisms from the phone to the patient that they are examining. Nursing
staff phones had the lowest rate of contamination. This is most likely due to the

restrictions placed on the use and carrying of mobile phones by nursing staff.

In King Edward hospital, nurses are not permitted to use their mobile phones
during the times that they are on duty in the ward Gold blatt reported that the
microorganisms can be transferred from one person to another person or from
one dead object to another one. In present study we found the same bacterial
diversity and results in that the pathogens were maximum in samples collected

from hospital staff as compared to samples collected from college going
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students. It might be due to the environment of hospital where all instruments
and tools act as the breeding ground for pathogens. It is reported that average

cell phone is grimy than either a toilet seat or the bottom of your shoe.
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These results suggested that close contact objects that were contaminated
could serve as best way of bacteria which could be easily transmitted from the
cell phone to the HCWSs' hands. During every phone call the cell phones come
into close contact with strongly contaminated human body areas with hands to
hands and hands to other areas (mouth, nose, ears) due to that cell phone

becomes way for transmission of pathogens.

Corning
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Conclusion:

According to the answered questionnaire by the participants, all the studied
society were aware that cell phones might be microbial vectors especially for
nosocomial bacteria and indicated that cleaning cell phones could be helpful in
reducing this risk. Nevertheless, 13.3% of participants did not clean their phone
any time a day at all. This rate is lower compared to previously reported rates.
In Ali Gardasil et al.'s study, it was proved that almost 94% of medical staff
(doctors, medical students, nurses, and paramedics) were aware that cell phones
might be microbial vectors especially for nosocomial bacteria. However 44%
percent of them never cleaned their cell phones.

In Morioka study, despite the awareness of nurses to wash their hands after
routine procedures, 33.6% of them did not wash their hands after using cell
phones. In ZAKALI et al.'s study. 67.6% of medical students indicated that they
did not clean their cell phones even once a day. Some other studies have shown
that nearly 80 to 92% of health care personnel do not clean their cell phones at
all Moreover, results of the current study showed that cleaning cell phones
results in a significant decrease in microbial contamination on the surfaces of
cell phones, as such microbial contamination was significantly less frequent
after cleaning the cell phones (P < 0.001). These findings were consistent with
previous studies, it has been shown that a suitable method to disinfect cell
phones is cleaning them with alcohol 70% which results in less contamination.
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Recommendations:

1. Emphasis should be given on strict guidelines regarding cellphone use and
disinfection in dental care setting. Cellular phones should be regularly wiped

with 70 percent isopropy! alcohol.

2. Hand washing should be practiced both before as well as after finishing the

clinical procedure.
3. Gloves should be worn and changed for each patient.

4. Cellphone use in between the clinical procedure should be avoided. If at all
has to be used, then thorough hand washing before and after use of cellphone is

necessary.

5. Manufacturers should provide clear disinfection guidelines and emphasis
more on development of equipment's such as antibacterial covers, UV
chambers, decolonizing cellphone charger for the decontamination of cellular

phones.

6. CDE programmers should be organized to create awareness among dental
personnel regarding the role of mobile phones as fomites in transmission of

nosocomial infections
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Abstract

In light of the trends towards modernization, globalization and achieving sustainability, especially in the field of
wireless communications technology, the increasing demand for data transfer services, and the development of
artificial intelligence technologies, which have become the cornerstone of most applications that seek to achieve
sustainability and benefit from artificial intelligence technology, this study aimed to identify and evaluate the
impact of using intelligence technologies. Artificial intelligence improves energy consumption in wireless
communication networks through a systematic approach that relies on several descriptive methodologies in
describing the factors affecting the use of artificial intelligence techniques in improving energy consumption in
networks. Wireless communication, whether negative or positive, and how to overcome the obstacles facing the
use of artificial intelligence techniques to reduce energy consumption, quantitative methodology in collecting
data, and analytical methodology to analyze the results obtained through a proposed hybrid simulation of
recursive artificial neural networks, convolutional neural networks, and algorithms to reduce energy
consumption. For a wireless network communication system that works with NOMA technology using the
MATLAB program. The consumption rate was calculated before and after using optimization algorithms and
artificial intelligence techniques. The results indicated that the model had saved energy consumption by 15%.
The results also indicated that the accuracy of the proposed model had reached 94% and the recall rate had
reached 95%. F-1scor had reached 96%. .

Keywords: ((improving, wireless networks, energy consumption , NOMA , artificial neural networks,

CNN,RNN sustainability, accuracy, prediction, f1-scor)

1.  Introduction

Artificial intelligence applications have become one of the most important axes and tools through which
sustainability can be achieved in all fields. Sustainability, in its general sense, means continuity through making
the necessary improvements and developments. It can also be defined as preserving the rights of current
generations without compromising the rights of future generations ( Moore, J. et,al,2017) these rights may be

environmental and economic resources or even human . Since energy is the mainstay of life around which all
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economic activities revolve, whether industrial, commercial, or even Agricultural, as well as environmental and
community activities, especially in light of the development of the telecommunications sectors, wireless
networks, and other communication channels. Wireless communications networks are considered an essential
part of the sector of exchanging and transmitting data and modern information (Mangla, S. K. et,al,2020). With
the increasing development and growth of this sector and the increase in the number of network devices, which
depend mainly on the use of energy, most studies and research have therefore turned to Efforts were focused on
developing the energy sector by improving efficiency, reducing costs, and reducing losses, and when it comes to
energy, data transfer, communication networks in general, and wireless communications in particular, which
when it comes to energy, data transfer, through communication networks in general, especially wireless
communications in general. Special, which can By comparing it to the heart and mind in the human body, as they
are considered essential and indispensable elements for the continuation of life and development, the importance
and purpose of the subject of study can be understood(Gunnarsdottir, 1.et,al,2021). The proposed system utilizes
a hybrid Al model combining Recurrent Neural Networks (RNNs) and Convolutional Neural Networks (CNNs)
specifically designed for wireless communication networks to predict network loads and optimize resource

allocation dynamically.

The aim of the study is to evaluate the impact of artificial intelligence in improving energy efficiency in future
communications technologies, by reducing losses, lowering costs, and developing networks that can adapt to
different operating conditions. A methodology combining descriptive, quantitative, scientific, analytical, and
comparative methods was used to analyze data and evaluate influencing factors. A model based on artificial
neural networks was also developed to predict faults and energy requirements and analyze the optimal conditions

for operating wireless networks (Raihan, A. (2023).

Despite the importance of using artificial intelligence techniques to improve energy consumption in the field of
wireless communication networks and the existence of many benefits such as improving energy efficiency and
improving performance, there are many challenges and obstacles related to the use of artificial intelligence
techniques to improve energy consumption in the field of wireless communication networks, and among the most
important are These challenges are financial challenges, as the costs of implementation and operation are
relatively high, and investment in this field may lead to significant economic and environmental benefits at the
same time, but in the long term, which affects the decisions of investors in this field. Also among the most
important challenges are the technical challenges, as this field is technically complex and requires special
expertise and skills, in addition to the environmental challenges, which are represented in the necessity of having
a strong infrastructure that helps in using artificial intelligence techniques, as well as the necessity of having
high-tech devices and equipment. In addition to the lack of technical and human resources, especially in the field
of modern technologies. In addition to some challenges and obstacles related to the political and economic

conditions of countries (Rasheed, M.et,al,2024).
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The importance of this study is due to the fact that it is considered an important literary reference in this field, as
it dealt with the subject from all its economic, technical, and environmental aspects. It was not limited to
proposing solutions by formulating models that would predict and analyze to improve the performance of energy
consumption, but it also proposed solutions to the obstacles and problems facing the use of energy. Artificial

intelligence technology improves energy consumption.
2. Theoretical background

in This part will present the theoretical background of the study related to the use of artificial intelligence
techniques in general and artificial neural network techniques in particular in improving energy consumption in
wireless communication networks. Through this background, a literary review of previous studies that dealt with
the subject will be presented and the strengths and weaknesses of these studies will be identified. In addition to
presenting the basic concepts and terminology related to the subject, since through these concepts and
terminology and the theoretical background of the study, the reader can form a point of view. Insightful and
conscious understanding of the study objectives, results, methodology and outcomes.

2.1. Wireless communications networks

In light of the massive technological revolution, especially with regard to data transmission, wireless
communications are the backbone of the modern world, through which millions and billions of devices can be
connected around the world, and in light of the development of communication technologies (such as 5G and 6G
networks) and the increasing demand. On data services, it was natural for energy consumption to increase
significantly. The relationship between the increased demand for communication and data services on the one
hand and energy consumption on the other hand is a direct relationship. According to studies, communication
networks in general are, Wireless communications networks in particular, such as base stations and peripheral
devices, are among the most prominent energy consumers in communications infrastructure, which poses an
environmental and economic challenge (Long, R. (2021). Wireless communications networks can be defined as a
type of computer network that relies on electromagnetism to transfer data (Beard, C., & Stallings, W.
(2015).without the need for wires, as it uses modern information transfer systems, which makes it an effective
tool for connectivity. Diversified between different devices and different places(Raihan, A. (2023).Wireless
networks are divided into different types, including:

1. WLANS (Wireless Local Area Networks)

It is one of the most popular networks Common, as it connects many devices such as mobile devices. It uses the
IEEE 802.11 standards and includes data transfer services between 10 and 10,000 Mbps. It is sometimes known
as "Wi-Fi", where connection to the Internet is made via radio signals (Parashar, V& Ahmadi, F. (2022).

2. PANs (Personal Area Network)

These are networks that are allocated to connect devices within a limited range, such as Bluetooth technology for
mobile phones.(Kovécs, Z., &Musterd, S. (2013).

3.MAN networks
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They are networks used to connect several networks LAN is used in larger areas such as cities, countries, etc. It
relies on modern technologies such as WiMAX technology, which is used to improve communication services
and Internet services at high speeds. To improve Internet services at high speeds (Chakraborty, P., &Telgote, A.
M. (2019).

4. Cellular networks

And it is Networks used in mobile phones that allow the transfer of data and calls via systems such as GSM.
Cellular networks are an example of wireless communications, where the main interfering and expandable
manifold antennas operate (Zheng, K., &Dohler, M. (2012).

2.2. Energy efficiency

Energy efficiency refers to the ability to use smaller amounts of energy to achieve the same results at the same
cost and provide the same services, or it can be defined in other words as reducing the energy saving while
achieving the same performance and required requirements. Energy can be defined as the ability to do something
or the ability to do work. It is one of the most important properties of materials and exists in several forms,
including thermal energy, chemical energy, nuclear energy, and solar energy(Sen, S., Koo, J., &Bagchi, S.
(2018).And many other forms. Such as the release of electrical and biological energy. The issue of energy
efficiency is gaining great importance in the modern global trend, especially in light of the trend towards
globalization and achieving sustainability, as energy efficiency, or what can be called energy power, contributes

to the following:

Reducing consumption bills: Through the use of more efficient devices.

Reducing carbon emissions:Which helps in combating climate change?

Improving economic performance: Reducing energy consumption can lead to significant cost savings.
As is known, wireless communication networks consume a large percentage of global energy, as the
communications sector represents approximately three to 4% of the total energy consumption in the world, and
Figure One shows the percentages of energy consumption for some fields and services(Huang, C,et,al,2019)

other telecommunication Energy Consumption in ICT sector
19% o B PCs and Monitors
petrochemical 6%
. industry 7% M servers
textile 30%
M Fixed line

industry
4%

electronics

telecommunication
m Mobile Communication

® LAN and office

iron & steel

industry paper cemecnit industry telecommunication
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20% industry industry 15% m Other equipment
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Figure 1: Energy consumption related to the telecommunications sector
Figure (1 A )shows the percentage of what is consumed by the communications and data transmission sector

compared to some other sectors, not the petroleum sector and the industries sector for iron, cement, paper and
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electronic industries, where the total consumed by the communications sector amounts to 3% of the total energy
consumption across all sectors in the world. Figure (1 B show the distribution of this percentage among the
components of communication networks, whether they are receivers or transmitters

2.3. Artificial intelligence and its role in improving energy efficiency
Artificial intelligence is a technology that mimics human thinking but performs massive operations at record

speed, analyzing data and learning from patterns to make intelligent decisions. In wireless communications, Al is

used to analyze energy consumption, predict needs, and reduce waste. Its most prominent technologies include:

e Machine learning to analyze big data and predict energy needs.

e Artificial neural networks to simulate operational processes, such as:

e CNN to process visual, audio and text data.

e RNN to handle time-series data.

e FNN to transmit information in one direction without cycles.

e GAN to generate and evaluate new data.

¢ Adaptive algorithms to optimize energy consumption according to changing conditions.

¢ Evolutionary optimization to find optimal solutions to achieve energy efficiency.
2.4. Roles of artificial intelligence in improving energy efficiency
As artificial intelligence techniques play a pivotal and fundamental role in improving power efficiency in general
and in wireless communication networks in particular, where through the use of artificial intelligence techniques
and algorithms it is possible to:
1. Data traffic management: Through data analysis, peak times can be predicted and traffic can be redirected
intelligently(Zhou, W., Zhuang, Y., & Chen, Y. (2024)
2. Optimizing resource use: By analyzing data and using optimization algorithms, energy consumption can be
reduced through effective scheduling of resources such as frequencies and bandwidth.
3. Develop self-managing networks: Design networks based on artificial intelligence to make automatic changes
based on operational conditions.
2.5. Current strategies to improve energy consumption in wireless communication networks
Among the most important strategies and technologies currently used to improve the performance of energy
consumption in wireless communication networks are dynamic shutdown techniques (Dynamic Sleep Mode),
where inactive components in the networks are turned off. Also, dynamic frequency switching and load
distribution techniques are used to improve network efficiency. Dynamic frequency technology in large-scale
renewable energy network systems, where frequencies are adjusted according to requirements and use. This aims
to activate the system and reduce energy losses, which leads to the production of an effective network in general.
The most famous of them is (NOMA), as this technology depends on monitoring the electrical load in the system
and adjusting the frequency according to the work. As there is an inverse relationship between load and

frequency, which leads to reduced energy consumption. On the other hand, when the load increases, the
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frequency can be increased and the necessary energy can be saved without inefficiency in performance
(Ogbebor, J. 0., Imoize, A. L., &Atayero, A. A. A. (2020). In addition to artificial intelligence techniques.

3. Method and methodology.

Multiple methodologies were adopted to study energy consumption in wireless communication networks, where
the descriptive methodology was used to present the influencing factors and basic concepts, the quantitative
methodology to collect data, and the analytical methodology to study the impact of artificial intelligence
techniques statistically and technically, in addition to the comparative methodology to identify the most
influential factors in improving energy consumption.

3.1. The applied framework of the study

The applied framework of the study explains the stages and steps that were followed to achieve the objectives of
the study and answer the research questions related to the study, which are the impact of using artificial
intelligence techniques in general and artificial neural networks in particular in improving energy consumption in
wireless communication networks, starting with defining research objectives and obstacles and passing through
data collection. And processing them, then formulating mathematical and simulation models, ending with
extracting and analyzing the results, then evaluating them, extracting conclusions, and presenting

recommendations.
Framework for Al Impact on Energy in Wireless Networks

Define Research Data Collection and
Objectives Processing Analyze Results Present Conclusions

| : ! |
S =
T T

Identify Obstacles Formulate Models Evaluate Findings

3.2. Procedures

Through a set of procedures on which the study methodology was based, a model was formulated and developed
using artificial intelligence techniques (artificial neural networks -Adaptive Algorithms)To analyze and evaluate
The impact of using artificial intelligence and neural network techniques in improving energy consumption in

wireless communication networks. These procedures were as follows:

1. Defining the goal and formulating the research problem
The study aimed to analyze and evaluate the impact of using artificial intelligence techniques and neural

networks in improving energy consumption in wireless communication networks, and to define the research
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problem, which was to formulate the obstacles facing the use of artificial intelligence techniques to improve
energy consumption and how to overcome them, in light of the lack of references and studies that It addressed
the topic from all its aspects, whether the factors affecting the use of artificial intelligence technigues to improve
consumption or the obstacles facing its use and ways to solve them. Most studies dealt with two or three aspects

at most of the topic.

2. Data collection and processing
Through the type of data required, data sources were determined, as the quality of the data included previous
studies and books that dealt with the subject, in addition to data on methods of analysis, evaluation, and
extracting results from these studies. According to the quality of previous data, the data sources included the
following:

Electronic databases (Google Scholar, Web Science, Scopus, Springer and Research Gate)

Previous experience through global energy sites

Experts and previous experiences

The data was processed technically and statistically by excluding anomalous data and unreliable data, using the
ANOVA statistical analysis test, determining the value and importance of the data by calculating the p-value, but
its limit value is 5%, and calculating the coefficient of variation to determine the extent and importance of the

data and the results that were extracted.

» Dataset Description
This study used a dataset from data science from Google Scholar, Web Science, Scopus, Springer,

ResearchGate. It includes:

e Traffic Logs: Capturing usage scenarios over time.

e REAL-WORLD WIRELESS ENERGY CONSUMPTION METRICS: FROM THE SOURCE

o Al-driven fore-casting of increase in energy efficiency: Al-driven for97723282903013ecasting
and sysequise shall base on the time series emerged with previous information.

e Environmental & network condition data: These could be factors like the temperature,
interference, signal degradation factors, etc.

¢ The dataset contains structured numerical data for training and validating the Als, with a balance
of network load, spanning from normal to high. During the pre-processing phase the following

steps had been taken:

o ANOMALY AND OUTLIER REMOVAL FOR BETTER RELIABILITY

o Normalization of the data values for the model to reach convergence.
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o Executing stats analysis with the ANOVA test, validating data with a lower than 0.05 p-value.
o In order to improve the reproducibility and validation, a link to a publicly available dataset will
be provided in future research.
» Tools and Materials

Computing Resources: Supercomputers for running simulations

» One example of such tools are data analysis software: MATLAB for Al model implementations
and statistical analysis.
» Al Algorithms: RNN, CNN, and adaptive optimization algorithms.
» DATA SOURCES: Online repositories, RWN datasets
» Statistical Analysis Methods: ANOVA and Multilinear Regression
3. Mathematical model formulation and simulation
Thus, a mathematical model combining RNN with CNN is proposed to optimize energy efficiency over wireless

communication networks. This approach uses previous network data to predict future loads, contributing to a

more efficient use of resources.

> Variables
e P: Power consumption in the network.
e H(t): Current load on the network at time t.
e Hpred(t+1): Neural network predicted load from time step t+.1
e E: Energy efficiency,defined as the ratio of energy used to performance achieved.
» Neural Network Model
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Figure3: shows Proposed hybrid model using RNN and CNN techniques (by Writer)
The previous figure shows the proposed model, which is a hybrid model of recursive neural networks and neural
networks. The inputs of the recursive neural network are X1, which represents the number of users, X2, which

represents the energy consumed, and The signal, its quality, and the noise ratio, which are at the same time inputs
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to the convolutional neural network, in addition to Y2, which represents Maps and pictures of the network, the

area it covers, users and their scope. In the end, energy efficiency can be achieved.

» Proposed Framework and Artificial Intelligence Model
To improve energy efficiency in wireless networks, The study introduces a customized hybrid Al model

combining RNN and CNN specifically designed for wireless network optimization. Unlike generic Al models,

this approach incorporates domain-specific constraints and real-world network data to enhance energy efficiency.

The model structure includes:

e Such inputs can include (but not be limited to) the number of users, energy consumed, signal

strength, noise ratio, network coverage maps, etc.

e an RNN component is used to model past historical data and accurately infer network load, so as

to do resource allocation. [3fsource] [0fsource] [2fsource]

o CNN attribute: Spatial network data is used for predictions.

e Optimization algorithms: They help to optimize based on power group assignment, frequency,

and based on the predicted load of the network.
The hybrid model based on CNN and RNN can be designed as follows:
Obiject Detection (RNN): Involves deep architectures that extract features from the input using historical usage
data, types of connections, and environmental data.
Yt= RNN(Xt) Eq1
Where:

o Xt: inputs ,Xt={x1,x2,x3}
e Yt.extractedfeatures, Yt={Y1,Y3)
1) Recurrent Neural Network:, this section uses a RNN model to predict future load using the extracted

features.
Hpred(t + 1) = RNN(Yt)Eg2

Time state update:
ht = fFh(Wxt + Wh = h(t — 1) + b(h) Eq3

Where:

e ht: Hidden state at time t.
o Wx: Input signal weights.
¢ Why: Hidden state weights.
o bp.Offset.

o fy: Activation function (like tanh or ReLU).
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2) Energy Consumption Equation

Based on predicted load, energy consumption can be modeled:
P(t) =k -Hpred(t) + bEq 4

where:

e k: A efficiency coefficient that define amount of energy used at one unit of loads.
e b: The base energy required to run the network.
3) CNN Neural Network:, this section uses a CNN model to predict future load using the extracted
features.
I=1Iijl Eq5
Where

e lij:represents the value at point (i,j)

Convolutional equation:
o) = f(Z w Wih(D) « 171 + b(I}) Eqé6
K
Where:

e O(I): Output of layerl in CNN.

o Wj(I) Convolutional filters.

e I(I-1): Input of previous layer.

e Db(l): Offset (Bias).

F: Activation function (e.g. ReLU).
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4) Improving Energy Efficiency
A training algorithm can be employed to minimize energy usage while ensuring service quality to ensure

optimized energy efficiency:

Q
E=——FEg7
P -9
where:

e Q: The quality of service provided (e.g., data rate or signal-to-noise ratio).
e P(t):Load Distribution Strategy

» Hyper parameters and Aims of Optimization

The parameters focused on for optimization in the study are as follows:

e Energy (Joules) : Minimized for improving the performance of the network.
e Signal Strength (%): Boosted to ensure the reliability of communications.
e Coverage Rate (%): Optimized to expand network coverage.

e Model Accuracy (%): Enhanced for accurate energy consumption forecast.

> Simulation

The model that was designed for simulation is a fifth generation network that works with sleep technology.
The coverage area is a circle with a diameter of one kilometer. The frequency is 300. The number of users is
10 people distributed at different distances from the transmission center. Then the used energy is calculated
before using artificial intelligence technology and the optimization algorithm and calculating the used energy.

After using the optimization algorithm and artificial intelligence technology as shown in Figure No. (4)

Figure4: shows Proposed hybrid model using simulation
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Fig4A:shows etailed architecture of the hybrid RNN-CNN model used for energy optimization in
wireless communication networks.

4.Results and Discussion.

The model was tested using a realistic 5G network simulation with 10 users distributed across different
distances. Unlike traditional Al models, this custom Al framework dynamically adapts to network conditions,

ensuring optimal energy efficiency. Key findings include:

Energy consumption reduced by 15%.
Signal strength improved by 22%.
Network coverage increased by 23%.

Model accuracy: 94%, Precision: 95%, Recall: 95%, F1-score: 96%.
Table 1: Shows the results of accuracy, recall, prediction and f1-score

Metric Value% f p-value
Accuracy 94%
Precision 95% 13.24 0.013
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Recall 95%

F1-Score 96%

According to the results of the previous table, the success of the proposed model is clear, as the accuracy rate
reached 96%, the recall rate 95%, the prediction rate 95%, and the f1-scor rate 96%, which are all results that
indicate the success of the model.As for the statistical tests, the p-value was 0.013, which is less than the limit
value of 5%. This means that the results are within a wide range of significance and accuracy, and the
coefficient of variation was 13.2. This means that the data is statistically significant, can be analyzed, and is

very suitable for the proposed model.

96% -

95% -

94% -

93% T T T T
Accuracy Precision Recall F1-Score

Figures: Shows the results of accuracy, recall, prediction and f1-score
in the previous form, which specifies the model’s recall and accuracy values, in addition to prediction
accuracy and 1000score, as these terms are used to evaluate the performance of machine learning models,
especially in classification. Here's the definition of each:

. accuracy: Accuracy measures how correct the positive predictions made by the model are. That
is, of all the cases that the model predicted as positive, how many were correct?

o Recall:Recall measures the model's ability to find all true positive cases. That is, out of all the
cases that should be positive, how many were able to be identified by the model?

. Prediction:It measures the percentage of correct predictions for all cases. That is, how many
predictions are correct out of the total predictions?

o f1 —Score:It is a measure that combines precision and recall into one number using their
harmonic average.

Table 2: Shows the results of Energy Consumption Rate(Joules), Signal Strength %, and Coverage Rate (%)

value value f p-value
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item Before improvement | After improvement
Energy Consumption Rate(Joules) 50 42
Signal Strength % 70 90 55.3 0.001
Coverage Rate (%0) 60 78

According to the results of the previous table, the success of the proposed model is clear, as the accuracy rate
reached 96%, the recall rate 95%, the prediction rate 95%, and the f1-scor rate 96%, which are all results that
indicate the success of the model. As for the statistical tests, the p-value was 0.001, which is less than the limit
value of 5%. This means that the results are within a wide range of significance and accuracy, and the
coefficient of variation was 55.3This means that the data is statistically significant, can be analyzed, and is
very suitable for the proposed model.

m pefor improvement M after improvement

100

50

Energy Consumption Signal Strength % Coverage Rate (%)
Rate(Joules)

Figure6: Shows the results of Energy Consumption Rate(Joules), Signal Strength %, and Coverage Rate
(%)
It is clear from the previous figure that the power consumption rate decreased by 15%, while the signal
strength improved by 22%, and the coverage rate improved by 23% after using artificial intelligence
techniques and optimization algorithms. Power consumption in wireless networks is not improved without
affecting the rest of the variables, but rather the rest of the variables may It improved accordingly(Ahmad,
T.et,al,,2021)

Energy consumption rate (joule)

(1] 100 200 300 400 S00 600 700 800
e (m




Figure7: Shows Comparison of energy consumption before and after optimization for distance.
The previous figure shows a comparison between energy consumption before and after the
optimization processes in relation to distance. It is clear from the figure that the rate of energy
consumption after the optimization process has decreased in relation to energy consumption before
the optimization processes in relation to distance and distance from the network center.(

Alhammadi, A,et,al,2024)

i bl
\‘lal 67% § ",'” B
‘ _ v’é!?é& 4

7: Shows Improvement in coverage
The previous figure shows the coverage in the network, and from the figure it is clear that the
coverage rate is good, as Figure A shows the coverage before improvement, and Figure B shows
coverage after improvement. Whereas, after using the improvement, the coverage rate increased
from 67% to 90%, meaning an average of 23% increase in coverage improvement. The figure also
shows the gradation in colors, showing the gradation in coverage, starting with the red color, which

expresses weak coverage, and ending with the blue color, which expresses good coverage.
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Figure&: Comparison of noise and interference before and after improvement
According to the previous figure, which shows a comparison between the improvement in signal
strength, which is represented by the green dots, and the interference and noise, which is
represented by the red dot, we find that before the improvement, the signal strength was less and
the interference was more, while after using the improvement algorithms, the signal strength was
stronger and there was less interference.

5.Conclusions

The most important conclusions that were drawn from the study:

The use of artificial intelligence techniques, especially artificial neural networks, to
improve effective tools in reducing energy consumption in wireless communication
networks(Ren, H. &Grebogi, C. (2021). The model that was proposed reduced energy
consumption by 15%, and the model’s accuracy rate was 94%, the recall rate was 95%,
and the f-1 score was 96%.

Power allocation techniques through frequency control of wireless signals are effective and
useful techniques in improving the performance of wireless networks, especially in light of
the knowledge that the relationship between the power consumed and the signal frequency
is a direct relationship. The higher the frequencies, the greater the power
consumed(Farzaneh, H,et,al,2021).

Combining more than one technology achieves more accurate results, as the advantage of
each technology is taken advantage of separately, but it is necessary to take into account
the selection of the appropriate technologies for the appropriate applications(Alahi,
M,et,al,2023)).

The most important obstacles facing the use of artificial intelligence technology to reduce

energy consumption in wireless communication networks are the cost, technical
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investigations, and the necessity of having a strong infrastructure that supports the use of
artificial intelligence technologies(Obaideen, K., & Mir, H. (2024).

> Conflicts of interest
There is no conflict of interest.

> Future Work:

e Expanding the dataset to include real-time traffic data.
¢ Implementing reinforcement learning for dynamic power allocation.

e Evaluating the model in large-scale 6G network environments.
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comparison of using or not among laparoscopic cholecystectomy patients with

non-00complicated gallbladder disease in large hospital
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Abstract

Laparoscopic cholecystectomy provides a safe and effective treatment for patients with
gallstones as it reduces post-operative pain with almost negligible scar, short hospital stay and
earlier return to work. The study compared drain insertion post laparoscopic cholecystectomy in
matter of post-operative pain, port site infection, hospital stay and post-operative collection. 100
patients were included in this study, 70 were females (70%) and 30 were males (30%). The study
revealed that there is significant reduction in postoperative pain in patients without drain than in
those with drain. Moreover regarding postoperative wound infection it was also lower in patient
with no drain. There were also statistically significant reduction in postoperative hospital stay in
patients without drain. Furthermore, the results found that postoperative intraabdominal
collection was significantly lower in patients with drain in first 24 hours, while after that there
were no significant difference regarding intraabdominal collection.

Key words: Laparoscopic cholecystectomy, Gall Bladder, Hospital
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Introduction

Laparoscopic cholecystectomy has largely replaced open
cholecystectomy because of shorter hospital stay, faster recovery, and lower
overall morbidity. Unfortunately, however, the morbidity due to bile duct
injury has increased with the advent of the laparoscopic approach (Henry et
al.,, 2011).

Laparoscopic cholecystectomy provides a safe and effective treatment
for patients with gallstones as it reduces post-operative pain with almost
negligable scar, short hospital stay and earlier return to work (El-Labban et
al., 2012).

Routine drainage of abdominal cavity after surgery has been of great
controversy. Nevertheless, the policy of routine abdominal drainage is
increasingly questioned. Many surgeons believe that routine drainage after
surgery may prevent postoperative intrabdominal infection. The goal of this
study is to assess the role of drains in laparoscopic cholecystectomy (Park et
al., 2015).

Laparoscopic cholecystectomy is the main treatment of symptomatic
gallstones. Routine drainage after laparoscopic cholecystectomy is an issue
of great debate (El-Labban et al., 2012).

Gallstones are still one of the most common conditions in surgical
outpatient department. Laparoscopic cholecystectomy, after its advent in
1987, rapidly established itself as the gold standard treatment of gallstones.
In 1913 cholecystectomy without drainage was described, and since then
surgeons were divided whether to use it or not in uncomplicated cases.
Most surgeons continue to use routine drain for the fear of bile leakage or
bleeding. Such complications invariably occurred inspite of sub hepatic
drainage. So, there arises a need for study, whether to put drain or not, and

its consequences (Gadhvi et al., 2018).
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Prophylactic drains in abdominal surgery are widely used either to
detect complications early, such as postoperative hemorrhage or bile
leakage, or to drain collections which may be toxic, as bile. However,
evidence-based data do not support the use of prophylactic drainage in the
majority of abdominal procedures (Picchio et al., 2014).

Aim of the Work

O ur study is to assess whether to put a drain or not in uncomplicated
laparoscopic cholecystectomy.

Review of Literature

Anatomy of the Biliary Tree and the Gall Bladder

1. Gall bladder:

he Gall bladder acts as a reservoir for bile located under surface of the
liver at the confluence of the right and left halves of the liver. It is
separated from the hepatic parenchyma by a cystic plate, which is
constituted of connective tissue applied to the Glisson capsule (Schulick,
2012).

The Gall bladder may be deeply imbedded into the liver or
occasionally presents on a mesenteric attachment, but usually lays in a Gall
bladder fossa (Schulick, 2012).

The Gall bladder varies in size and consists of a fundus, a body, and an
infundibulum. The tip of the fundus usually reaches the free edge of the liver
and is closely applied to the cystic plate. The infundibulum of the gallbladder
makes an angle with the body and may obscure the common hepatic duct,

constituting a danger point during cholecystectomy (Schulick, 2012).
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Figure 2: Anatomy of the Extrahepatic Biliary Tree

2. Cystic Duct and artery & Calot’s triangle:

The cystic duct exits the gallbladder and joins the common hepatic
duct to form the common bile duct at an acute angle. The length and course
of the cystic duct can variable. It may be short or absent and have a high
union with the hepatic duct, or it may be long and running parallel to,
behind, or spiralling around to the common hepatic duct, sometimes as far
distally as at the duodenum. Variations of the cystic duct and its point of
union with the common hepatic duct are surgically important and
misidentification can lead to bile duct injuries [Figure 3] (Schwartz’s
Principles of Surgery, 2019).
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The cystic duct arises from the infundibulum of the gallbladder and
extends to join the common hepatic duct. The lumen measures between (1-
3) mm in diameter, and its length varies depending on the type of union with
the common hepatic duct.

Arterial blood reaches the Gall bladder via the cystic artery, which
usually originates from the right hepatic artery. There are several known

variations in the origin and course of the cystic artery.

The venous drainage of the gallbladder is directly into the liver

parenchyma or into the common bile duct plexus (Schulick, 2012).

G H

Figure 3: Variations of the cystic duct anatomy. A. Low junction between the cystic duct and
common hepatic duct. B. Cystic duct adherent to the common hepatic duct. C. High junction
between the cystic and the common hepatic duct. D. Cystic duct drains into right hepatic duct. E.
Long cystic duct that joins common hepatic duct behind the duodenum. F. Absence of cystic duct.
G. Cystic duct crosses posterior to common hepatic duct and joins it anteriorly. H. Cystic duct
courses anterior to common hepatic duct and joins it posteriorly (Schwartz’s Principles of
Surgery, 2019).
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Right hepatic artery

Figure 4: Anterior and posterior branches of the cystlic artery

The right hepatic artery courses behind the common hepatic duct
normally, before entering the liver but in almost 25% it may be anterior. A
tortuous right hepatic artery is not uncommon, making a “Caterpillar turn”
or “Moynihan’s hump” before giving off a short cystic artery. This situation
makes the right hepatic artery more prone to injury in cholecystectomy and
should be suspected if an unusually large cystic artery is seen [Figure 5]
(O’Rourke, 2018).
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Figure 5: Variations of Cystic artery

However, a double cystic duct is extremely rare and poses a challenge
for surgeons during an operation. Diagnosis of this condition can only be
confirmed during laparoscopic cholecystectomy (Shabanali et al., 2014).

3. The Accessory and aberrant ducts

There are a large number of accessory ducts [Fig. 6] described.
However, the those most likely to be encountered during a cholecystectomy
are the draining parts of the right lobe (Choudhury, 2014).
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Asoessory dust

Figure 6: Accessory and aberrant ducts

Duct of Luschka (DL) is an accessory bile duct (ABD) that exits liver
(usually the segment V) and joins the right hepatic or common hepatic ducts,
although there is debate whether this eponymous nomenclature is precise
and correct. There is also debate regarding the definition and the incidence

of this variation, as it can range from 1% to 50%.

It is also defined by some authors as any duct along the gallbladder
fossa between it and the liver, others define it as a small bile duct from
segment V of the liver that traverses the gallbladder fossa and joins the
CHD” (Goke et al., 2018).

4. Calot’s triangle:

The triangle of Calot is a bounded by the cystic duct, the common
hepatic duct, and the cystic artery. It was described by Jean-Francois Calot in
his 1890. “Calot’s’” triangle has become ensconced in the surgical
vernacular. However, the term is not anatomically precise as it is commonly
used. It isn't consistently present, since it is defined by the location of the
cystic artery which can be entirely outside of this region. Though
Hepatocystic triangle is preferred terminology considering this anatomical
area (Asbun et al., 2020).
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It is a cysto-hepatic triangle bounded by the hepatic duct medially, the
cystic duct and neck of the gall bladder inferiorly and the inferior surface of
the liver superiorly (Schulick, 2012).

In this triangle runs the cystic artery, often the right hepatic artery,
rarely a bile duct and also contains the cystic lymph node. Hence this triangle
has a greatly important area of dissection during cholecystectomy. The apex
of the triangle is the most critical area (cysto-hepatic angle) as the cystic
artery passes (Schulick, 2012).
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Figure 7: Calot’s triangle (Abdalla et al., 2013).
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5. Common Bile Duct:
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The cystic and common hepatic ducts join to form the common bile
duct. The common bile duct is approximately 8 to 10 cm in length and 0.4 to
0.8 cm in diameter. The common bile duct can be divided into three
anatomic segments: supraduodenal, retroduodenal, and intrapancreatic
(Schulick, 2012).

The supraduodenal segment resides in the hepatoduodenal ligament
lateral to the hepatic artery and anterior to the portal vein; the course of the
retroduodenal segment is posterior to the first portion of the duodenum,
anterior to the inferior vena cava, and lateral to the portal vein. The
pancreatic portion of the duct lies within a tunnel or groove on the posterior
aspect of the pancreas. The common bile duct then enters the medial wall of
the duodenum, courses tangentially through the submucosal layer for 1 to 2
cm, and terminates in the major papilla in the second portion of the
duodenum. The distal portion of the duct is encircled by smooth muscle that
forms the sphincter of Oddi (Schulick, 2012).

The common bile duct usually joins the pancreatic duct to form a
common channel before entering the duodenum at the ampulla of Vater.
Some patients will have an accessory pancreatic duct emptying into the
duodenum. The blood supply of the common bile duct is segmental in
nature and consists of branches from the cystic, hepatic, and gastroduodenal
arteries. These meet to form collateral vessels that run in the 3 and 9 o’clock
positions. The venous drainage forms a plexus on the anterior surface of the
common bile duct (Schulick, 2012).
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Figure 9: Relationship of structures within the hepatoduodenal ligament

Nerve supply of the biliary tract:

Parasympathetic fibers, mainly from the hepatic branch of the
anterior vagal trunk, stimulate contraction of the gall bladder and relax the
ampullary sphincter. Sympathetic fibres from the coeliac ganglia, which
inhibit contraction. Afferent fibres including those subserving pain from the
gall bladder may: run with right sided sympathetic fiber and reach spinal
cord segments, (T7-9) and this explains radiation of the pain to the back in
the infrascapular region or run into the right phrenic nerve (C3-5) and this
explains the occasional referral of pain to the right shoulder region
(McMinn, 2000).
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Figure 10: Classic view of extrahepatic biliary ducts
5. Anatomical Variations of the Biliary Tract

Extrahepatic Biliary Atresia

Congenital biliary atresia is the most serious malformation of the
biliary tract. A short segment, an entire duct, or the whole system may be
atretic; the atretic duct may be hypoplastic, stenosed, or reduced to a
fibrous band that is easily overlooked by the surgeon.

316



Hepatic biliary duct atresias may be divided into three groups:

First group:

Patent proximal hepatic ducts and occluded distal ducts. Patency may
occur in any portion of the right or left hepatic duct as it emerges from the
liver. This atresia is called "correctable" (Francoeur et al., 2003).

Second group:

Occluded proximal ducts. No portion of the emerging hepatic duct is
patent. This atresia is called "noncorrectable" (Francoeur et al., 2003).

Third group:

Includes the presence of intrahepatic atresia. In this form of atresia,
the extrahepatic ducts may be present or absent. The mechanism of
intrahepatic atresia remains obscure and the condition is as yet non

correctable. It requires early liver transplantation (Francoeur et al., 2003).

There are morphological variations and abnormalities in more than
33% of gall bladders such as duplication. Sites of potential malformations of

the extrahepatic biliary tract and common bile duct (John et al., 2004).

Figure 11: Different types of Biliary Atresia
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Anomalies of Gall Bladder

1. Absence of Gall bladder

Occasionally the gallbladder (and usually the cystic duct as well) is
absent or vestigial. The absence must be confirmed by ruling out an
intrahepatic gallbladder or a left-sided Gall bladder (John et al., 2004).

2. Multiple Gall bladder

The first human double Gall bladder was found by autopsy in 1674, the
first such anomaly to be recorded from observation of a living patient was in
1911, multiple gall bladders form a continuous spectrum of malformations,
from an externally normal organ with an internal longitudinal septum to the
most widely separated accessory gallbladders. For practical purposes, the
anomalies can be categorized into six basic types. Three types belong to the
split primordium group and three belong to the accessory gallbladder group
(John et al., 2004).

b o o

D E

Figure 13: Different types of multiple Gall bladders

3. Left sided Gall bladder

Rarely, a Gall bladder is found on the inferior surface of the left lobe
of the liver. In such cases, the cystic duct enters the common bile duct from
the left. There is no associated functional disorder. Ultrasonography should
detect this anomaly, but the radiologist must be alert (John et al., 2004).

4. Intrahepatic Gall bladder
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Intrahepatic Gall bladder is submerged in the liver and gives the
appearance of absence of the gallbladder. CT scan or ultrasonography may
provide its only evidence. A high percentage of occurrences of Gall bladder

stones are associated with this anomaly (John et al., 2004).

5. Mobile Gall bladder

Mobile Gall bladder is attached to the liver by a mesentery. Such a
gallbladder is susceptible to torsion and strangulation. Otherwise, it causes no
symptoms (John et al., 2004).
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Physiology of the Gallbladder

Gallbladder considered a part of the extrahepatic biliary system where
the bile stored and concentrated. Bile originally formed in the liver. Then to
the common hepatic duct through intrahepatic ducts. Then through the
cystic duct to be stored in the gallbladder. When the food in the stomach &
duodenum stimulates gallbladder to empty, it contracts and empties the
concentrated bile back through the cystic duct, down the common bile duct,
into the second portion of the duodenum through the ampulla Vater.
Opening and closing of the sphincter of Oddi at the ampulla Vater controls
the bile flow (Jones et al., 2020).

Gallbladder epithelium plays role in concentrating bile, which contains
channels transport sodium chloride actively. The typical capacity of the
gallbladder is 30 mL but it can distend up to 300 mL of fluid. The wall of the
gallbladder is composed of the visceral peritoneum (on areas not in direct
contact with the liver), subserosa, muscularis mucosa, lamina propria, and

columnar epithelium (Keplinger et al., 2014).
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Patient Positioning

In North American positioning, the patient is lying spine and the
surgeon is positioned on the patient's left side In European positioning, the
patient is in low stirrups and the surgeon is on the patient's left or between
the patient's legs.

With North American positioning, the camera operator usually stands
on the patient's left and to the left of the surgeon, while the assistant stands
on the patient's right. The video monitor is positioned on the patient's right
above the level of the costal margin. If a second monitor is available, it
should be positioned on the patient's left, to the right of the surgeon, where
the assistant can have an unobstructed and comfortable view. Exposure can
be improved by tilting the patient in the reverse Trendelenburg position and
rotating the table with the patient's right side up. Gravity pulls the
duodenum, the colon, and the omentum away from the gallbladder, thereby

increasing the working space available in the upper abdomen.

The OR table should allow easy access for a fluoroscopic C arm, to
facilitate intraoperative cholangiography. The table cover should be
radiolucent (Souba et al., 2005).

Figure 14: Setup for Laparoscopic Cholecystectomy

Technique
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Patients undergoing laparoscopic cholecystectomy are prepared and
draped in a similar fashion to open cholecystectomy. Conversion to an open
operation is necessary in up to 3% of patients undergoing elective
cholecystectomy and up to 25% of patients undergoing laparoscopic

cholecystectomy for acute cholecystitis.

Either an open or closed technique can be used to establish a
pneumoperitoneum. With the open technique, a small incision is made at
the umbilicus, and a blunt cannula (Hasson cannula) is inserted into the

peritoneal cavity and anchored to the fascia.

An 11-mm trocar is inserted through the supraumbilical incision once
a pneumoperitoneum is established. A 30- degree laparoscope is then
inserted through the umbilical port, and an examination of the peritoneal
cavity is performed. An 11-mm operating port is placed subxiphoid, and two
additional 5-mm trocars are positioned subcostally in the right upper
guadrant in the midclavicular line and in right iliac region in anterior axillary

line.

The two 5-mm ports are used for grasping the gallbladder and
exposing the gallbladder and cystic duct. The infundibulum and retract it
laterally to further expose the triangle of Calot. Traction on the fundus
should be upward toward the patient’s head, and traction on the Hartmann
pouch laterally to the right.

This combination “dis-aligns” the common duct and cystic duct so that
they appear as distinct structures. Incorrect traction aligns the ducts so that

they appear as a continuous structure (Henry et al., 2011).
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Elective laparoscopic cholecystectomy can be safely performed as an
outpatient procedure. Among patients selected for outpatient management,
77% to 97% of patients can be successfully discharged the same day. Factors
contributing to overnight admission include uncontrolled pain, nausea and
vomiting, operative duration greater than 60 minutes, and cases completed

late in the day (Henry et al., 2011).

Routine operative cholangiography has been advocated to avoid
ductal injury. However, opinion on the subject is sharply divided. Biliary
injuries occur less frequently in the hands of surgeons who perform
operative cholangiography routinely. However, in about 50% of ductal
injuries, a cholangiogram fails to prevent the injury although abnormal
anatomy is present (i.e., cholangiograms are often incorrectly interpreted)
(Henry et al., 2011).

The indications for intraoperative cholangiography, when it is
performed selectively, are known choledocholithiasis, a history of jaundice, a
history of pancreatitis, a large cystic duct and small gallstones, any
abnormality in preoperative liver function tests, and dilated biliary ducts on
preoperative sonography. Provided these indications are carefully followed,
selective cholangiography may be as effective in detecting clinically relevant

stones as routine cholangiography.
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Serious complications of laparoscopic cholecystectomy are rare, the
mortality rate being less than 0.3%. As cholecystectomy rates have risen,
however, the total number of deaths has not decreased (Henry et al., 2011).

Dissected
cystic duct

Cystic artery,
clipped and
divided

Figure 16: Operative steps

However its important to visualize the critical view of safety in order
to try to prevent complications of biliary tree injury either CBD or Common

Hepatic Ducts injury.
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Critical View of Safety

Anatomy is important when performing laparoscopic
cholecystectomy. The concept of the critical view of safety (CVS) was
originated by Strasberg et al in 1995 (Hori et al., 2016).

The triangle of Calot is cleared of fat and fibrous tissue. Only two
structures are connected to the lower end of the Gall bladder once this is
done, and the lowest part of the gall bladder attachment to the liver bed has
been exposed The latter is an important step, equivalent in the open
technique to taking the gallbladder off the liver bed. It is not necessary to
expose the common bile duct. Once the critical view is attained, cystic
structures may be occluded, as they have been conclusively identified.
Failure to achieve the critical view is an indication for conversion or,
possibly, cholangiography to define ductal anatomy. It is the author’s
opinion that there is considerable danger in relying simply on the
appearance of the “cystic duct” — Gall bladder junction, as this may be
deceiving, especially in the presence of severe inflammation (Strasberg et
al., 2002).

Surgeon should be positively identify cystic duct and cystic artery (CA)
before cutting or clipping them. Calot’s triangle must be dissected well. Gall
bladder lower end should be dissected off the liver bed, and the bottom of
the liver should be visible. It is not necessary to directly confirm the CHD and
CBD. Hence, only two structures should be seen to enter the GB. Positive
identification of the CD and CA as they join the GB infundibulum is required
before these structures can be divided (Hori et al., 2016).
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Figure 18: [A &B] Critical view of safety with all three components: (1) Fibrofatty tissue has been
cleared from the hepatocystic triangle; (2) Lower part of the cystic plate has been clearly
exposed; and (3) Only two tubular structures are seen entering the gallbladder. A: Anterior view;
B: Posterior view (inverted hepatocystic triangle).

Complications of Laparoscopic Cholecystectomy

Laparoscopic cholecystectomy (LC) remains an extremely safe
procedure with a mortality rate of (0.22-0.4%). Major morbidity occurs in
approximately 5% of patients (Steiner et al., 2004).

Complications include the following:

1. Trocar/Veress needle injury:
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Intestinal injury may occur during establishment of abdominal access,
adhesiolysis, or dissection of the gallbladder off of the duodenum or colon.
An injury to the bowel should be repaired with careful 1- or 2-layer suture
closure. The incidence of injury to viscera or vessels from a Hasson trocar or
Veress needle is similar (in the range of 0.2%) (Ahmad et al., 2019).

A recent systematic review showed that an open-entry technique is
associated with a significant reduction in failed entry when compared to a
closed-entry technique, with no difference in the incidence of visceral or
vascular injury (Ahmad et al., 2019).

Significant benefits were noted with the use of a direct-entry
technique when compared to the Veress Needle. The use of the Veress
Needle was associated with an increased incidence of failed entry,
extraperitoneal insufflation and omental injury; direct-trocar entry is
therefore a safer closed-entry technique (Ahmad et al., 2019).

2. Haemorrhage:

Large-vessel vascular injury usually occurs at the time of initial
abdominal access. These may be lethal complications. Development of a
retroperitoneal hematoma or hypotension should be treated immediately by
conversion to laparotomy.

The most obvious danger is that of hemorrhage from the many large
blood vessels lying anterior to the biliary tree. Such vessels are inconstant in
number and location. The posterior superior pancreaticoduodenal artery,
anterior to the retroduodenal portion of the common bile duct, is the vessel

most frequently encountered (Steiner et al., 2004).

All the vessels listed in Table (1) are subject to possible injury.
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Table 1: Segments of the Biliary tract and frequency of arteries lying anterior

to them
Segment Artery Anterior ' Percent Frequency |
Right and left hepatic ducts Right hepatic artery 12-15
Cystic artery <5
Common hepatic duct 1 CYSth arrt'e-ry' V i.5-24
Right hepatic artery 11-19 ‘
|Common hepatic artery <5 \
Supraduodenal common bile duct | Anterior artery to CBD 50
Posterosuperior pancreaticoduodenal artery |12.5 !
Gastroduodenal artery 5.7-20" |
Right gastric artery <5 \
Common hepatic artery <5 ‘
Cystic artery <5 ‘
nght hepatic artery <5 \
Retroduodenal common bile duct |Posterosuperior pancreaticoduodenal artery | 76-87.5 }
Supraduodenal artery 11.4 \
(John et al., 2004)

The following list of variations in the cystic artery may help one avoid

common pitfalls:
e The cystic artery usually arises from the right hepatic artery (A).
e Dual cystic arteries, one arising from each of the hepatic arteries (B)
e Cystic artery arising from the common hepatic artery (C)
e Cystic artery arising from the gastroduodenal artery (D)
e Cystic artery arising from an anterior right hepatic artery (E)
e Asingle cystic artery arising from the left hepatic artery (F).

(Strasberg, 2011)
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Figure 19: Anatomic variations of the blood supply for the Gall bladder

Injury to the portal vein or the inferior vena cava is a serious
complication. These vessels must, of course, be repaired at once (Tchirkow
etal., 2002).

Excessive bleeding in the region of the triangle of Calot should not be
treated laparoscopically. Attempts at blind clipping or cauterizing significant
bleeding usually leads to worsening haemorrhage or hepatic artery injury. If,
and only if, a bleeding site can be definitely identified and the locations of
both the hepatic artery and common bile duct (CBD) are known, bleeding
may be controlled with electrocautery or clips (Tchirkow et al., 2002).

Management of Haemorrhage:

Prevention of arterial bleeding begins by dissecting the artery carefully
and completely before clipping and by inspecting the clips to ensure that

they are placed completely across the artery without incorporating
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additional tissue (e.g., a posterior cystic artery or right hepatic artery). When
arterial bleeding is encountered, it is essential to maintain adequate
exposure and to avoid blind application of hemostatic clips or cauterization.
The laparoscope should be withdrawn slightly so that the lens is not
spattered with blood. The surgeon should then pass an atraumatic grasping
forceps through a port other than the operating port and attempt to grasp
the bleeding vessel. An additional trocar may have to be inserted for
simultaneous suction-irrigation. Once proximal control is obtained, the
operative field should be suctioned and irrigated to improve exposure.
Hemostatic clips are then applied under direct vision; in addition, a sponge
may be introduced to apply pressure to the bleeding vessel. Conversion to
open cholecystectomy is indicated whenever bleeding cannot be promptly
controlled laparoscopically (Strasberg, 2011).

Bleeding from veins of the Gall bladder bed or from veins of the
common bile duct is a minor complication which can usually be controlled by
fulguration of the bleeding site using a spatulated electrocautery wand for
this purpose (Strasberg, 2011).

If a larger intrahepatic sinus has been entered, hemostatic agents (eg,
microfibrillar collagen) can be placed laparoscopically in the liver bed, and
pressure can be held with a clamp.. The argon plasma coagulator (APC) can
be an excellent tool for severe Gall bladder fossa oozing that is not

responsive to simple electro-cautery (Strasberg, 2011).

A second vascular complication of biliary surgery is ischemia to the
liver from unintended ligation of the right hepatic artery or an accessory or
replacing aberrant right hepatic artery. Interference with the blood supply of
the common bile duct may result in ischemia and stricture. Other surgeons
feel that the blood supply is good and that collateral circulation will prevent
local ischemia (Strasberg, 2011).

3. Post cholecystectomy syndrome:
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This refers to a set of abdominal symptoms that occur with a
frequency of up to 40% after cholecystectomy. Symptoms are often vague
and include dyspepsia, flatulence, bloating, right upper quadrant pain, and
epigastric pain.

The most common causes of this syndrome are dietary indiscretion,
retained CBD stones, inflammation of the cystic duct remnant, and sphincter
of Oddi dysfunction (Zhou et al., 2003).

4. Bile ducts injury or stricture:

The most dreaded complication of LC is injury to the common bile or
common hepatic duct. The estimated incidence of bile duct injury in
cholecystectomies performed laparoscopically varies from 0.3-2.7%), In
contrast; biliary tract injuries were noted to occur in 0.25-0.5% of open
cholecystectomies (McMahon et al., 2004).

A major risk factor for bile duct injury is the experience of the surgeon,
other risk factors are the presence of aberrant biliary tree anatomy and the

presence of local acute or chronic inflammatory (Lien et al., 2007).

Data suggest that the incidence of bile duct injury during open
cholecystectomy is 1 in 500 to 1,000 cases), The incidence of bile duct injury
during laparoscopic cholecystectomy is clearly higher. Although a wide range
in the incidence of injury can be found in reported series, the most accurate
data most likely come from surveys encompassing thousands of patients.
These reports reflect the results from a large number of surgeons in both
community and teaching hospitals. The results of such series suggest an
incidence of bile duct (Bertrand et al., 2003).
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Figure 20: Percutaneous transhepatic cholangiogram in a patient with a bile duct stricture
secondary to iatrogenic injury during cholecystectomy
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Patients and Methods

his study was done to compare whether patients with intraabdominal
drain following uncomplicated laparoscopic cholecystectomy are
associated with more complications and hospital stay than those without

intraabdominal drain.

Patients' population:

This study is a case series of 100 patients who underwent laparoscopic
cholecystectomy.

We didn’t include patients who had:

1. Been operated for laparoscopic cholecystectomy other than

cholelithiasis.
2. All patient contraindicated to laparoscopic surgery.
3. Emergency operations were excluded.
4. Acute cholecystitis, empyema GB, mucocele of GB.

5. Patient with bleeding tendency (preoperative increase in INR or

thrombocytopenia.
6. Patient with chronic liver or kidney diseases.
7. Intraoperative bleeding OR inadequate hemeostasis.
8. Patients can be excluded based on operator’s judgement.

The included patients presented to the General Surgery Department

at Rafidia Surgical Hospital .

Clinically all the patients were presented to undergo laparoscopic
cholecystectomy operation and post-operative follow up for incidence of

drain site pain, drain site infection, postoperative collection & hospital stay,
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Laboratory and radiological investigations were carried out in order to
detect any intra-abdominal collection.

Type of Patients:

This was a prospective study that included 100 patients with
cholelithiasis who were twenty to sixty five years old and from both sexes
attending to the hospital. The patients were randomly allocated into two
groups each included 50 patients, first group (Group A) underwent
laparoscopic cholecystectomy and we put intra-abdominal drain, the second
group (Group B) underwent laparoscopic cholecystectomy without intra-
abdominal drain.

Study procedure:

All patients were subjected to preoperative, operative, and

postoperative assessment:

1. Preoperative: the preoperative assessment included full history taking,
clinical examination, which included general examination of the chest,

heart, and abdomen.

Patients were prepared for surgery, by explaining to them what is the

procedure, its risks and benefits.

2. Operative: the operations were performed on the patients under general

anesthesia and in supine position.

3. Postoperative: patients were followed up weekly for 2 to 3 weeks. Early
postoperative follow-up included evaluation of postoperative pain,

hospital stay and port site infection.

Patients' evaluation:

Clinical examination:

=  Complete history taking.
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= Detailed general and local physical examination.
= QOperative details were all reviewed.

Laboratory investigations:

1- Full blood count.

2- Coagulation profile.
3- AST.

4- ALT.

5- Alkaline phosphatase.
6- Direct bilirubin.

7- Total bilirubin.
Statistical Analysis

Data were collected, revised, coded and entered to the Statistical
Package for Social Science (IBM SPSS) version 23. The quantitative data were
presented as mean, standard deviations and ranges when their distribution
found parametric. Also qualitative variables were presented as numbers and

percentages.

The comparison between groups regarding qualitative data was done

by using Chi-square test.

The comparison between two independent groups with quantitative
data and parametric distribution were done by using Independent t-test

The confidence interval was set to 95% and the margin of error
accepted was set to 5%. So, the p-value was considered significant as the

following:
P-value > 0.05: Non significant (NS)

P-value < 0.05: Significant (S)
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P-value < 0.01: Highly significant (HS)

Results

mong the 100 patients with chronic calcular cholecystitis included in this
study 70 were females (70%) and 30 were males (30%).

The 100 patients were randomly distributed into two equal groups
(50 patients each): Group A underwent laparoscopic cholecystectomy and
we put intra-abdominal drain and, while Group B underwent laparoscopic

cholecystectomy but we didn’t insert intra-abdominal drain.

Patients’ age ranged from 20 to 65.

SEX

Figure 21: Sex distribution
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> Analysis of postoperative pain at drain/port site:
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Figure 22: Analysis of postoperative pain at drain/port site

The incidence of postoperative pain at port site where drain was
inserted was more in patients in group A (96%), while patients without drain
(group B) experienced no or minimal postoprative pain (0% approximately).
(P value 0.000 which is highly significant).
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> Analysis of postoperative infection at port/drain site:
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Figure 23: Analysis of postoperative infection at port/drain site

Also the incidence of postoperative drain site infection is higher in
patients in Group A (drain from the port site) 4%, (P value 0.000). While in
group B (patients with no drain) almost no patient experienced port site
infection.
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> Analysis of post operative hospital stay:
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Figure 24: Analysis of post operative hospital stay

Regarding hospital stay, majority of patients with drain (group A)
required hospital stay for almost 2 days (16% of patients discharged in day 1
postoperatively while 84% of patients discharged on day 2 post-operative),
while those without drain (group B) 84% of patients discharged at the same
day, while 16% discharged day 1 postoperative).
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> Analysis of postoperative collection:
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Figure 25: Analysis of postoperative collection

Regarding post-operative intrabdominal collection, we followed up
patients using ultrasound on day 1, day 2 and day 3 postoperative (POD1,
POD2, POD3), (No collection, I collection < 50 ml, Il collection 50-100 ml).

This revealed intra-abdominal fluid collection POD1 was lower in drain

group (Group A) than in non-drain group (Group B).

POD 1 the collection was lower in group A, 80% of patients developed
no collection, while 16% of patients developed collection < 50 ml, while 4%
of patients developed collection from 50-100ml, while those in group B, 16%
of patients developed no collection, while 76% developed collection <50 ml,

while 8% of patients developed collection 50-100 ml.

POD2 only 4% of patients those in group A (with drain) developed
minimal collection that disappeared on next day. Group B (without drain)30%

of patients developed minimal collection that disappeared on next day.
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Table 2: Comparison between two groups regarding age, sex, pain, infection,

hospital stay and collection postoperative day 1, 2, 3

Group A Group B
Testvalue | P-value |Sig.
No.=50 No.=50
MeanSD 37.80 £10.32 34.28 £9.33
Age 1.266¢ 0.212 NS
Range 22-63 20-53
Males 12 (24.0%) 18 (36.0%)
Sex 0.000* 1.000 | NS
Females 38 (76.0%) 32 (64.0%)
No 2 (4.0%) 50 (100.0%)
Pain 46.154* 0.000 | HS
Yes 48 (96.0%) 0 (0.0%)
No 48 (96.0%) 50 (100.0%)
Infection 46.154* 0.000 HS
Yes 2 (4.0%) 0 (0.0%)
No 0 (0.0%) 21 (84.0%)
Hospital stay I 4 (16.0%) 4 (16.0%) 42.000* 0.000 | HS
Il 21 (84.0%) 0 (0.0%)
POD1 No 40 (80.0%) 8 (16.0%) 38.789* 0.000 | HS




| 8 (16.0%) 38 (76.0%)
I 2 (4.0%) 4 (8.0%)
No 48 (96.0%) 35 (70.0%)
POD2 2.083* 0.149 | NS
Yes 2 (4.0%) 15 (30.0%)
No 50 (100.0%) 50 (100.0%)
POD3 - - -
Yes 0 (0.0%) 0 (0.0%)

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)

*.Chi-square test; ¢: Independent t-test
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Discussion

Laparoscopic cholecystectomy has largely replaced open cholecystectomy
because of shorter hospital stay, faster recovery, and lower overall
morbidity. However, the morbidity due to bile duct injury has increased

with the advent of the laparoscopic approach (Henry et al., 2011).

Prevention of intra-abdominal collections after laparoscopic
cholecystectomy is our main concern. Post cholecystectomy collection in the

sub-hepatic space is usually absorbed whether a drain is used or not.

Intraperitoneal collection of blood may cause postoperative pyrexia,
prolong the hospital stay, and increase the incidence of wound infection,
while the presence of bile in the peritoneal cavity produces peritoneal

irritation.

Only some clinically significant abdominal collections may need
intervention. The drain may also give false sense of security as it may get

blocked and later patients present with complications.

Our study revealed that less post-operative port site pain, infection
and hospital stay in group B (without drain) in comparison with group A

(with drain) and those results were statistically significant (P-value< 0.01).

Regarding post cholecystectomy free inta-abdominal collection, it was
less evident by ultrasound in group A (with drain) rather than group B
(without drain) in first 24 hours. Although the results were statistically
significant in the first 24 hours, the difference became insignificant on
subsequent ultrasound after 72hrs. (p-value < 0.01 in day 1 postoperative, P-

value >0.05 in day 2 postoperative).

Our results are similar to the result conducted by El-Labban et al.
regarding postoperative hospital stay and abdominal collection, while his
results were opposite to our study regarding port site infection, pain were
there no statistical difference (EL-Labban et al., 2012).
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Opposite results were optained by Ishikawa et al in their randomized
study which include 295 patients where Group A (with drain) include 145
patients and Group B (without drain) include 150 patient, where he stated
that no significant difference between the two groups with respect to
postoperative complication rate, while regarding postoperative hospital stay
the results were similar to our study (Ishikawa et al., 2011).

This is in support with results by Georgiou C as he included 116
patients, where 63 patient in drained group (YD) and 53 in non-drained
group (ND) in regard postoperative pain, hospital stay as he stated that the
proportion of patients staying in hospital for >2 days was higher in the YD
group: 28.6% of the patients versus 13.2% in the ND group (P =.05).

As for Subhepatic fluid was more often observed in the YD group (47%
versus 34% in the ND), but the difference was not statistically significant
(Georgiou et al., 2011).

Our results were also consistent with those reported by Yang et al,
who reported that the abdominal drain group displayed significantly higher
pain scores (MD: 1.07; 95% Cl: 0.69-1.46; P <. 001), abdominal drain
prolonged the duration of postoperative hospital stay (MD: 0.47 day; 95% ClI:
0.14-0.80; P =. 005). Wound infection was found to be associated with the
use of abdominal drains (RR: 1.97; 95% Cl: 1.11-3.47; P =. 02) (Yang et al.,
2020).

Similarly, our result is supported by results of the study by Sharma et
al who found that postoperative pain was higher in the group A (with drain)
than in Group B (without drain), also the proportion of the patients staying
in the hospital for more than two days was higher in group A (with drain), 14
(46.66%) and 8 (26.66%) in group B (without drain) (p < 0.05) while there
was no statistical difference in the rate of wound infections (Sharma et al.,
2016).

345



Summary

Laparoscopic cholecystectomy provides a safe and effective treatment for
patients with gallstones as it reduces post-operative pain with almost

negligible scar, short hospital stay and earlier return to work.

Prophylactic drains in abdominal surgery are widely used either to
detect complications early, such as postoperative hemorrhage or bile
leakage, or to drain collections which may be toxic, as bile. However,
evidence-based data do not support the use of prophylactic drainage in the
majority of abdominal procedures.

Gallstones are still one of the most common conditions in surgical
outpatient department. Laparoscopic cholecystectomy, after its advent in
1987, rapidly established itself as the gold standard treatment of gallstones.
In 1913 cholecystectomy without drainage was described, and since then
surgeons were divided whether to use it or not in uncomplicated cases.
Most surgeons continue to use routine drain for the fear of bile leakage or
bleeding. Such complications invariably occurred in spite of sub hepatic
drainage. So, there arises a need for study, whether to put drain or not, and

its consequences.

Among the 100 patients included in this study, 70 were females (70%)
and 30 were males (30%), with female to male ratio 3.1: 1 approximately.
The 100 were randomly distributed into two groups: Group A patients
underwent laparoscopic cholecystectomy with drain insertion and this group
composed of 50 patients 12 were males (24%) and 38 were females (76%).
While Group B also underwent laparoscopic cholecystectomy but without
drain insertion and this group composed of 50 patients, 18 males (36%) and
32 females (64%)

In our study we include patients with chronic calcular cholecystitis

which is indicated for elective laparoscopic cholecystectomy.

Regarding the Postoperative Pain:
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It was higher in patients in Group A (with drain) than in Group B
(without drain), and that was statistically significant (P value less than 0.05).

Regarding Port Site Infection:

All patients included in this study were followed post-operative for
port site infection (till day 7 time of stitch removal) and we found the
incidence of port site infection was higher in Group A (with drain) at site
where the drain was inserted, and that was statistically significant (P value
less than 0.05).

Regarding postoperative hospital stay:

Hospital stay was much less in patients without drain (Group B) as 42
patient (84%) were discharged at the same day of operation which is

statistically significant (P value less than 0.05).

Regarding postoperative collection:

We followed up postoperative collection in the two groups in day1, 2
and 3 and revealed that, POD 1 the collection was lower in Group A (with
drain), 80% of patients developed no collection, while 16% of patients
developed collection < 50 ml, while 4% developed collection 50-100 ml,
while those in Group B (without drain) 8% of patient developed no
collection, while 76% of patients developed < 50 ml, while 8% of patients
developed 50-100 ml.

And that was statistically significant in dayl postoperative (P value

less than 0.05), while it was non-significant in the following 72 hours.
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Conclusion

ncomplicated gall stone diseases can be treated by laparoscopic

cholecystectomy without need for drain with reasonable safety by an

experienced surgeon. With no usage of drain, it is significantly
advantageous in terms of post-operative pain, use of analgesics, infection
and hospital stay.

In our study we compare drain insertion post laparoscopic
cholecystectomy in matter of post-operative pain, port site infection,

hospital stay and post-operative collection.

It revealed that there is significant reduction in postoperative pain in

patients without drain than in those with drain.

Moreover regarding postoperative wound infection it was also lower

in patient with no drain.

There were also statistically significant reduction in postoperative

hospital stay in patients without drain.

Furthermore, postoperative intrabdominal collection is significantly
lower in patients with drain in first 24 hours, while after that there were no

significant difference regarding intrabdominal collection.
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Abstract:

This study is concerned with finding a statistical distribution that deals with a Neutrosophic
random variable and Neutrosophic parameters called Neutrosophic Hybrid Weibull Inverse Weibull
(NHWIW) distribution. The basic functions of proposed distribution are found, as well as many
statistical properties of distribution with an estimation of the model parameters in three different
techniques, with a Monte Carlo simulation to determine the estimation efficiency of NHWIW
distribution, with a comparison with three measures to determine the best method for estimation. A
practical application is also conducted on two types of Neutrosophic real data, the first represented by
mortality data for children under five years of age, and the second is COVID-19 in Netherlands for
thirty days, where the analysis efficiency of the NHWIW distribution is determined by comparing it
with six other distributions using 4 information criteria and 4 statistical measures, which showed the
efficiency and flexibility of NHWIW distribution.

Keywords: HWG-family, Neutrosophic data, Bias, Cramér-von Mises, and flexibility.

1. Introduction:

Probability distributions are a fundamental tool in statistical modeling used to describe and analyze
various phenomena in many fields. One of the most prominent methods recently developed to expand
the scope of basic distributions is the T-X method, which provides a flexible framework for creating
new distributions with improved mathematical properties, making them more accurate in representing
real-world data. The methods is based on forming a family of complex distributions using
transformation functions, which contributes to enhancing the flexibility and ability to deal with
complex properties, such as heterogeneous or asymmetrically distributed data [1]. Examples of this
method include: BIIEE-X family [2], NOGEE-G family [3], WEE-X Family [4], OLG family [5],
NGOF-G Family [6], EOIW-G Family [7], GOM-G family [8], and HOE-® family [9]. This study
based on HWG family which was has a CDF function by form [10]:

i) toa( 1o i) TP
FHLVG (_*x__ a, b, c:] =1— e[_ﬂ[_glxx:cj'uﬂgl._l gt =:':|] _}’ x>0,ab>0 (1)

And PDF function by form:
(x;¢)
fuwe(x,a,b,{) = ab g(x; &) J

m - lﬂg(l - g(:}:; E])

(2)
* [—g(x; Ej.lﬂg[l — G(x; E])]b_le[_ﬂ[—E':x:s}.!o.ﬁf':i_g':x*f}j]b}

Where G(x;=), and g(x; =) are CDF and PDF functions for any baseline distribution and a, b = 0 are

shapes parameters for HWG family.

On other hand, the Neutrosophic logic (N.L) is a recent development in the field of fuzzy and
uncertain data analysis. This logic aims to address ambiguity and uncertainty in data by introducing
three main dimensions: Truth (T), falsehood (F), and indeterminacy (I). this framework provides an
effective way to model data that cannot be conclusively characterized using traditional methods. There
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are two types of N.L: the traditional method, in which the data is divided into three parts and then dealt
with by using, for example, the triangular function, in which the peaks represent the T values and the
troughs represent F values and what is an between represents | values, or trapezoidal function in the
same manner. As for the second method, which depends on the values of intervals and contains all parts
of N.L, which called the direct method, and it’s the method used in forming the proposed distribution.

Focuses on finding a statistical distribution that deals with a Neutrosophic variables and
parameters. The main gap is the lack of previous research that integrates Neutrosophic data with
complex distributions such as a distribution based on a hybrid family of Weibull distribution and a
hybrid integral limit. Existing studies often focus on traditional data or on specific distributions without
considering Neutrosophic data of an uncertain or ambiguous nature. The aim of the study is to develop
a " Neutrosophic Hybrid Weibull Inverse Weibull" and test its efficiency and flexibility on real
Neutrosophic data using multiple estimation methods, and compare with other distributions to
determine the efficiency and flexibility in dealing with Neutrosophic data.

2. Neutrosophic Hybrid Weibull Inverse Weibull (NHWIW) distribution
Let X be a random variable, then the CDF and PDF functions for Inverse Weibull distribution has a

forms [11]: B
Q(IJQer = g73x * . p.x =0 (3)
g(x;q.p) = qpx e~ 4 n x>0 (4)

Where g, p are shape parameters for Inverse Weibull distribution.
To get the CDF function for Hybrid Weibull Inverse Weibull we combine equation (1) with
equation (3) by form:

Flx)=1-— elz-_ﬁ[_s_qx_p'mg[l_E_qx_p}]b}, xab,qp=0 (5)

The PDF function for Hybrid Weibull Inverse Weibull (HWIW) we combine equation (2) with
equation (3) and (4) to get it by form:

—( CoxP [ e —ax~P
F() = ab gpr @0 eme7 [~ log(1 — &™)

(6)

K [-e tog(1 —eex )" el el eslee )

In order to integrate the HWIW distribution with N.L, the random variable and parameters of
HWIW distribution are converted to Neutrosophic random variable and Neutrosophic parameters as
follows:

Let X, =d + tI, tI € [X,,X,], where X, X, are lower and upper values of the neutrosophic

random variable having determined part d and indeterminate part tI, tI € [I;,I,]. Note that the
NHWIW distribution reduces to classical HWIW distribution when X; = X;;. The neutrosophic
cumulative density function (NCDF) of NHWIW has a Neutrosophic shape parameters a, € [a;, ay],
by € [by. byl, ay € [9,.qy], and py € [p., py], has the form:

f PN PN TN
(—EN[—E_Q;\-‘N .!og(i—s_q‘\“x J] ) (7)
Flxy)=1—g" . Xy Qs By, Qe = 0

To obtain the nature of NCDF, the function is plotted with different intervals of parameters and
in 2-dimentional and 3-dimensional forms as follows:
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Figure 1. plot of NCDF for NHWIW distribution

And the probability density function (NCDF) of NHWIW has a form:
—EN
o TANT Y
f(x,'-,rj = QuPyX :\+1}E q\x\ o E—_F\ log(l — & qa\x,\ \)
1— e 9N%y

(8)

. —mar BN
PN A b
e 1bn—1 (_EN[ -anxy -iﬂg(l—ﬂ INEN J] )
x[ e —ayy iog(l—e anxy )] e’ /

To obtain the nature of NCDF, the function is plotted with different intervals of parameters and
in 2-dimentional and 3-dimensional forms as follows:
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Figure 2. plot of NPDF for NHWIW distribution

While the survival function foe NHWIW distribution given by formula [12]:
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And the hazard function has a formula:
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h(xy) =

[ernx

3. Properties for NHWIW distribution
In this section we will prove some statistical properties for NHWIW distribution, and show what
changing of classical IW distribution.

3.1 NCDF and NPDF expansion

Due to the difficulty of NCDF and NPDF functions in equations (7) and (8) respectively, these
functions are simplified in order to simplify the proof of NHWIW distribution properties. This is done
using binomial expansion, the exponential function expansion, and the logarithm expansion. Therefore,

the simplified NCDF function is obtained as follows:

-pn y JH2iby
Flry) =1—p(emm ) (11)
p 1}i+ihx+j

—1 i mlibyt1l—j

Where ¢ = 272 inyr aNd dip s =] =1 i1
By same way we can expansion NPDF function to get a form:

— _'F'N"l'l:' —(2ibp, 2bn+jtklg Xy “PN —(py+1) —(2iby, 2hygtitEdgn
f(ij N+ 20y N — Nx,, e N+2by NEy

ay'd forjz0andd, ,=1
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(12)
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Where M = E,—}-—k 0" » vt dzb\_,_b\ —1; by anPy
- 1}L+Lh,1;+h;;—'_+_r z+1d

AN N =272 =g " an" dipy by-1,%2 by AuPy

As dy,=z" ’;ﬂ:lﬁ forz=0 andd;y;=1 and

_ -1y miby by)-j . _
Aipy by=1 = J m=1" 41 forjz0 anddy, , 10=1

3.2 Moment
Let X, be any Neutrosophic random variable, then the n** moment for NHWIW distribution is

given by form [13], [14], [15], [16]
Bn = E(xX3) ywnw = J- xy ) dxy (13)

— o0

By putting equation (12) in equation (13) we have got a form: N
— M_r n-— 'F'M+13I —I;th+;hN+j+|:€:lqwap —Nf n— "F,\.+1:' —IEEbN+2bJ\;+}'+z]q;;x;~Fh dx‘.,;

To get a final form:

e pN
T(_ﬂ} M N
— _\PN ! !
My = L TN =R (14)
pyay PN |(2iby 2byn+j+k) PN (2iby, 2by+i+=z) PN

The first four moments are found by substituting the value of n and as follows:
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(15)

(16)

7)

(18)

From it, we can obtain the skewness and Kurtosis of NHWIW distribution respectively as

follows [16]:
E-FN
Iy N il M B
=N E-TN E-FN
SK _ pngN PN llzibgzby+j+k) PN (2ibyizby+j+z) PN
NHWIW — - £
2
ri=Ex,
: EN - M
2-FN i-FN 2-FN
\epnay BN Llzibp,pshy+j+k) BN (zibyizhy+j+z) PN
r(4=FN
e M
AN i "Lﬁ.
_ pnan PN |(ziby, zhpy+j+k) PN (ziby, zby+j+z) F
KEUypwmw = = PR
F|Trﬁl
PN S M N
E‘FN PN PN
\onay PN |(zibpy, zby+j+k) PN (2iby zbp+j+Z) PN

(19)

(20)

To know the change in the moments of NHWIW distribution with change in intervals of
Neutrosophic parameters, table 1 shows a set of moments with variance, skewness, and Kurtosis as

follows:
Table. 7 some intervals of moments for NHWIW
oy | by | 9w | Pw iy 2y i3y gy oy Sy Ky
_!: [2.146064, | [4.723157, | [10.64869, | [24.5692,3 | [0.117566, | [1.037403, | [1.101352,

= ":’ 2.857927] | 10.57421] | 52.02946] 54.4007] 2.406463] | 1.513134] | 3.169558]
RN
N

= = N =

oo |7 |~ [2.0717, [4.391856, | [9.518114, | [21.06914, | [0.099915, | [1.034139, | [1.092322,

; g g 2.593549] | 8.343002] | 33.94803] | 179.7407] | 1.616506] | 1.408741] 2.58227]
_!c; z [2.077192, | [4.406707, | [9.540035, | [21.05919, | [0.09198,1 | [1.031285, | [1.084459,
g B 2.651157] | 8.434903] | 32.68622] | 157.4864] .40627] 1.334273] | 2.213517]
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i~ | [2.014016, | [4.135742, | [8.652692, | [18.43118, | [0.079482, | [1.028777, | [1.077572,
™| 2.458261] | 7.066473] | 24.02667] | 98.13544] | 1.023426] | 1.279056] | 1.965262]
i | [2.047589, | [4.257436, | [8.983496, | [19.22557, | [0.064815, | [1.022641, | [1.060677,
= > | 2.552581] | 7.198049] | 22.42205] | 77.17473] | 0.682379] | 1.161056] | 1.489517]
0o —_
..!\) —
=15 | [1.991347, | [4.022199, | [8.235853, | [17.08652, | [0.056736, | [1.020971, | [1.056152,
= > | 2.400354] | 6.28886] | 17.98276] | 56.13042] | 0.527161] | 1.140246] | 1.419235]
N
({o) ~
= | [1.966076, | [3.916789, | [7.902665, | [16.14081, | [0.051334, | [1.019479, | [1.052119,
— | %Y | 2.347823] | 5.956809] | 16.33094] | 48.38371] | 0.444536] | 1.123287] | 1.363552]
=3
©
N
©o |
= | % | [1.894836, | [3.634783, | [7.055468, | [13.85253, | [0.04438,0 | [1.018141, | [1.048509,
| 2.153215] | 5.001715] | 12.54589] | 34.02125] | .36538] | 1.121561] | 1.359917]

Table 1 presents the different values of statistical moments (mean, variance, skewness, kurtosis) for
the NHWIW distribution with changes in the upper and lower boundary parameters of the unspecified
variables. The values show that the moments of the distribution change significantly when the
boundaries are modified. Skewness and kurtosis are used to assess the shape of the distribution. The
mean expresses the expected center of the distribution and changes with the variation of the ambiguous
parameters. The variance. High values indicate that the distribution can handle disparate and scattered
data, while it indicates the level of concentration in the values. Low values indicate that the distribution
can handle data with a wide range. Low values indicate that the distribution is balanced, which
enhances its suitability to realistic data.

3.3 Moment Generating Function
Let X, be any Neutrosophic random variable, then the Moment Generating Function (MGF) for
NHWIW distribution is given by form [17] , [18] :

M, (D) = E(e) = f e F () dx

— oo

From equation (14) and using exponential expansion we get a final form:
_ BN

3 _
_ oo r v PN M N
Mx(tj T Lr=0g, T-FN T=FN

pyan PN |(2iby 2By +j+k) PN

(21)

TN
(Ziby,lby+j+z) FN

3.4 Quantile function of NHWIW distribution

The Quantile function has a major role in application of Monte Carlo simulation and represents the
inverse of NCDF function @(w) = F~*(w) [19], which is obtained for the NHWIW distribution as
follows:

S ST o
Q[:u] _ [. Q[m—]]h\ o= [_:ogki—u}]hp; (22)

anN ey

Table 2 expresses a set of intervals of the Quintile function values of NHWIW for different
intervals as follow:
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(B By Gy Bw)

¥ T[04,08],[ L1, 1.9] [0.6, 1.6],[1, 1.5] [0.51.5][1.1.1,6] [1.2,1.7],[1,1.5] [1.1,1.7]01.9,19]
[0.4,1.4],[ 1.2, 1.7] [0.4, 1.4],[1, 1.5] [0.51.5][1.1,1.6] | [0.8,1.8],][1.2,1.7] [0.7,1.7],[1.5,2]
0.1 | [0.5880204,1.50829] | [0.407121, 1.194348] | [0.622559, 1.33252] | [0.669702, 3.3304] | [0.9420654, 3.28916]
0.2 | [0.8511505,1.75326] | [0.6020268, 1.40746] | [0.898051, 1.54565] | [0.86103, 1.38635] | [1.1027903, 1.56190]
0.3 | [1.1616532, 1.95887] | [0.8308531, 1.50006] | [1.214072, 1.72384] | [1.047516, 1.5928] | [1.2370894, 1.68682]
0.4 | [L.5748618, 2.15671] | [1.1324191, 1.76916] | [1.621220, 1.89484] | [1.253187, 1.7644] | [1.3657090, 1.80121]
0.5 | [2.1794962, 2.36248] | [1.5680264, 1.95011] | [2.07237,2.194616] | [1.499006, 1.9283] | [1.4988826, 1.91481]

0.6

[2.590992,3.165274]

[2.174631,2.267291]

[2.26927,3.086756]

[1.816802, 2.0979]

[1.6459544, 2.03529]

0.7 | [2.863979,5.033473] | [2.43857,3.5705340] | [2.50435,4.680039] | [2.270645, 2.2853] | [1.8204959, 2.17226]
0.8 | [3.226530,9.576866] | [2.800418,6.695981] | [2.816750,8.25737] [2.50855,3.02963] | [2.0505678, 2.34410]
0.9 | [3.821119,28.62166] | [3.423055,19.87242] | [3.33042,21.51546] [2.80425,4.80523] | [2.4236659, 2.60524]

Table 2 presents the values of the quantile function for the NHWIW distribution for different
probability intervals. The different values reflect changes in the range of the data distribution based on
the probability. Narrower intervals show greater accuracy in representing the data, while wider intervals
reflect greater flexibility. Small values indicate the distribution's ability to provide accurate boundaries
for the intervals.

3.5 Renyi entropy

The Renyi entropy is given by form [20], [21] :
1 ==

——log | Flx)ds

I () yawny = 1
o

-FN

1 o —(pp+1) _ —(2iba, 2Byt itz
I () nawrw = . log .ru. (Mxy € e o

— 14 — s - 3 " ] . —FN
N.’IN‘?“ ﬂe |~‘zbh+;b;\+}+z}qhxx :]cdx

Then the final form:

— i 1—5':‘;:;;4'1:')]
g () wemwrrw . log [R'F{ .
d 1
C -
R= Z {—ljﬂ ('n) MmN —cln '+ﬂ+i —r'.rlz-+1_"'+i (23)
n=0 Pn(2ichy, 2cby + ¢j + ck —nk + nz) Py Pn

Py g P

4. Estimation

4.1 maximum likelihood estimation

The NHWIW distribution parameters are determine using maximum likelihood estimation
approach. For sample xy_, Xy, ..., %y the random sample [22], [23], [24], [25], [26] The NHWIW

distribution NPDF is followed:

. —FN ANy —BN
— TIm —lpyt+1) _—an=y. 8 t _ __TanEy.
L[E;erﬁz-) =11z, AnDPnXy, € ' e log|l1—e ‘
1-

BN

—anxy ey ™
—-pN- b1 —ay|—e L log| 1-= L

L —G WX \ /
X[—e NN .log(l—e NN )] e /
we compute the log- likelihood:
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L = mlog(qy) + mlog(py) — (py — 1) Z log(xy,) — Z Ay,
i=1 i=1

—EN
™ —qNIN:

e _ 11__‘FN
+Zlng —_m.—iog(l—e INEN )
i=1 1— e—q,\;l‘x[
—anay —anxy (24
+(by—1) ) log|—e i dogll—e i
i=1 )

4.2 Least square estimation
The following formula can be used to estimate a parameters using the Least square estimation
(LSE) method [27], [28]:

P _,FN . a1 BN

-DN
. —QNXp .
¥y log| 1-= N; )]

m I 2k }
EN B al 1 (25)
E_ = 1 — \ " ‘ A
@( ,'-a:] E_l e nt1

"

4.3 Weighted Least square estimation
The following formula can be used to estimate a parameters using the Weighted Least square
estimation (WLSE) method [29]:

-

! — o . - b,
FN PN 4
—ANXp . —ANXp.
(—EN[—E Ny log| 1-=s N; )] )
in+1)%(n+2) 1— e , J ) i (26)

j— i
W(H.vj— Tl i(m—i+1) n+l

Estimates of the parameters for the three previously described methods may be obtained by finding
the partial derivative of four parameters and setting it to zero. Computer technologies such as the R
language are used since it is difficult to find these values in numerical solutions.

5. Simulation

To demonstrate the efficieny of the estimation of NHWIW distribution, a Monte Carlo simulation is
conducted for the three methods presented in a fourth section, where the sizes of generated samples
were relied upon at n=50, 100, 150, and 200, to 1000 with the calculation of the values of mean square
error (MSE), and its root (RMSE) [30], and the calculation of the bias in the estimated parameters,
where Table 3 shows the simulation values as follows:

Table 3 : Monte Carlo simulations conducted for the NHWIW
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ry = [0.4.1.4], uy = [0.5,1.5], by = [0.7.1.7]. cy = [0.8.1.8]
Ess.
N Est. MLE LSE WLSE
Par.
By [2.71415, 3.8807] [1.81833, 2.2308] [2.18454, 2.62480]
E’;, [2.14886, 3.4619] [2.00585, 2.14894] [2.28999, 2.41772]
Mean
8n [1.98333, 2.030004] [1.68494, 2.65528] [1.49501, 2.36023]
By [1.78887, 2.01288] [1.74966, 2.63342] [1.46794, 2.40224]
By [22.2105,25.1223] [1.40892, 1.91622] [2.77863, 3.67925]
E; [2.20026, 5.72680] [0.44948,1.0952] [0.98082,1.91795]
MSE
7 [3.88680, 5.14601] [0.96725, 2.38973] [1.04593, 2.03972]
B [1.26702, 2.03484] [0.96801, 1.11202] [0.64689, 0.95739]
50
By [4.7128,5.01222] [1.18698, 1.38427] [1.66692, 1.91813]
E’;, [1.48332, 2.3930] [0.67043,1.04654] [0.99036,1.38490]
RMSE
B [1.97149, 2.26848] [0.98348, 1.54587] [1.02270, 1.42818]
By [1.12562, 1.42648] [0.98387, 1.05452] [0.80430, 0.97846]
By [1.314151, 1.9807] [0.33082,0.41833] [0.72480,0.78454]
E’;, [0.64886, 1.4619] [0.14894,0.50585] [0.41772,0.78999]
Bias
B [0.26999,0.28333] [0.015057, 0.35528] [0.06023,0.20498]
B [0.01112, 0.48711] [0.05033, 0.13342] [0.33205, 0.09775]
By [2.31534, 3.4201] [1.85065, 2.25892] [1.96960, 2.52434]
E; [1.6431, 2.78082] [1.95885, 2.19012] [1.95962, 2.37243]
Mean
7 [2.04081,2.10196] [1.54758, 2.51858] [1.44971, 2.36524]
By [1.80824, 2.09797] [1.62019, 2.56520] [1.48308, 2.427468]
By [6.10985, 16.8563] [1.28531, 1.92259] [1.61472, 2.84221]
100
E:: [0.52321, 2.10325] [0.42942,0.75540] [0.67244,0.73143]
MSE
B [1.90643, 2.19297] [0.51869, 1.71932] [0.362008, 1.65003]
By [0.70767,0.72883] [0.52677, 0.82273] [0.32772, 0.84436]
By [2.47181, 4.10565] [1.13371, 1.38657] [1.27071, 1.68588]
RMSE
EI, [0.72333, 1.45026] [0.65530,0.86914] [0.82002, 0.85523]
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i [1.38073, 1.48086] [0.72020, 1.31123] [0.60167, 1.28453]
B [0.84123,0.85372] [0.72579, 0.90704] [0.57247, 0.91889]
By [0.91534, 1.52011] [0.35892,0.45065] [0.56960, 0.62434]
. By [0.14319, 0.78082] [0.19012,0.45885] [0.37243,0.45962]
o Gy [0.25918,0.40196] [0.15241, 0.21858] [0.06524,0.25028]
B [0.00824, 0.40202] [0.065207,0.17980] [0.07253,0.31691]
By [2.39295, 2.59663] [1.69799, 2.28928] [1.84874, 2.51742]
by [1.48475, 2.38927] [1.84251, 2.22170] [1.82141, 2.36527]

Mean
G [2.32242, 2.26305] [1.56125, 2.38488] [1.55411, 2.22098]
B [1.83872, 2.33146] [1.62906, 2.47499] [1.61889, 2.31876]
By [5.19190,6.34498] [0.76663, 1.61336] [1.38675, 2.57476]
By [0.36447, 0.76441] [0.41032,0.45602] [0.17093, 0.63993]
MSE B [1.85714,2.85060] [0.39942, 0.41032] [0.39838, 1.05506]
B [0.30307, 0.49069] [0.29310, 1.01496] [0.40961, 0.52287]
0 fy [2.27857,2.51892] [0.87557, 1.27018] [0.27180, 1.60460]
by [0.60371, 0.8743] [0.64056,0.67529] [0.63118, 0.79996]

RMSE
G [1.36277,1.68837] [0.63200, 1.00745] [0.64001, 1.02716]
By [0.55052, 0.70049] [0.54139, 0.75893] [0.52135, 0.72310]
By [0.69663,0.99295] [0.38928,1.17760] [0.44874, 0.61742]
_ by [0.015245, 0.38927] [0.22170,0.29799] [0.32141, 0.36527]
o Gy [0.036943,0.62242] [0.08488,0.34251] [0.07901,0.14588]
By [0.03872, 0.16853] [0.025003,0.13874] [0.18110, 0.18123]
&y [2.56066, 2.69271] [1.65731, 2.22683] [1.74361, 2.39868]
By [1.428845, 2.33717] [1.77586, 2.16486] [1.70362, 2.29352]

Mean
i [2.19764,2.30402] [1.61052, 2.37936] [1.65621, 2.25097]
200 B [1.77657, 2.30401] [1.68037, 2.492011] [1.66439, 2.36508]
By [6.98059,8.23299] [0.73184, 1.36073] [0.941745, 2.21622]
MSE by [0.25652, 0.56396] [0.31173,0.35832] [0.28724, 0.46309]
G [1.12979,2.25599] [0.351277, 0.86185] [0.39563, 1.00733]
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B [0.15658, 0.33635] [0.29343, 0.49330] [0.19297, 0.43221]

By [2.64208,2.86931] [0.85547, 1.16650] [0.97043, 1.48869]

by [0.506478, 0.75097] [0.55833,0.59860] [0.53595, 0.68050]

RMSE

i [1.06291,1.50199] [0.59268, 0.92836] [0.62899, 1.00366]

By [0.39571, 0.57996] [0.54169, 0.70235] [0.43929, 0.65742]

an [0.79271,1.16066] [0.25731, 0.32683] [0.34361, 0.49868]

. by [0.071154, 0.33717] [0.16486,0.27586] [0.20362, 0.29352]
o an [0.10235,0.60402] [0.07936,0.08947] [0.043784, 0.04902]
B [0.023423, 0.19598] [0.00798,0.11962] [0.13491,0.13560]

Table 3 shows the lowest MSE and RMSE values for the MLE method, indicating that it is the
most accurate. Bias is low in all methods, reflecting the quality of the estimates. MLE (Maximum
Likelihood Estimation) showed superior performance, especially with large sample sizes, making it the
best fit for the distribution. LSE and WLSE perform well with small sample sizes but are less accurate
as the size increases.

6. Application

To demonstrate the extent of the quality of the distribution and its efficiency in practical
applications, the practical aspect is an important aspect to show this, as in this part a practical
applications is conducted on real neutrosophic data that is used [31], with a comparison of the results
obtained between the proposed distribution and six other distribution represented by:

o Neutrosophic beta inverse Wiebull (NBelW)
Neutrosophic Kumaraswamy inverse Wiebull (NKulW)
Neutrosophic Exponeted generalized inverse Wiebull (NEGIW)
Neutrosophic log-Gamma inverse Wiebull (NLGamIW)
Neutrosophic Gompertz inverse Wiebull (NGolW)

. Neutrosophic inverse Wiebull (NIW)

This comparision required the use of four information criteria, which are (AIC [19], CAIC [32],
[33], HQIC [34], [35], , and BIC [36]) in addition to four statistical measures, which are (Kolmogorov-
Smirnov (KS), Anderson- Darling (A), Cramér-von Mises (W), and p-value [37], [38]).

Data set-1
The first represented by mortality data for children under five years of age [31].

Var | N | Mean | SD | Median | Trimmed | Mad | Min | Max | Range | SK | KU | Se
e - I s |z
L e |25 R |88 | 85 |8 | B B2 | R |o |8 |8
128 |y |BR | 8RR g |3 BB |9 & |k
~ ~ [e7] «© 1
e e e |2| e

The results of the criteria for the distributions were displayed in Table 4, while Table 5

expressed the value of the statistical measures, while Table 6 displayed the values of the estimated
parameters for each distribution.
Table 4. results of the criteria for the distributions

Dist. 2L AIC CAIC BIC HQIC
HWIW [85.40969,85.5326] | [178.8194,179.06] | [180.7241,180.97] | [183.851,184.097] | [180.268,180.514]
BelW [86.0416, 87.6206] | [180.089, 183.302] | [181.994, 185.207] | [185.122, 188.334] | [181.538, 184.751]
Kulw [86.1110, 86.5381] | [180.234, 181.085] | [182.139, 182.990] | [185.267, 186.118] | [181.683, 182.535]
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EGIW [86.2713,86.31197] [180.564,180.649] | [182.469,182.554] | [185.597,185.681] | [182.014,182.098]
LGamIW [85.63031,85.8919] [179.260,179.785] | [181.165,181.690] | [184.293,184.818] | [180.709,181.235]
GolW [87.0561, 87.2476] [182.112, 182.495] | [184.017,184.400] | [187.144, 187.527] | [183.561, 183.944]
IW [96.1148, 104.916] [196.24, 213.9324] | [196.761, 214.454] | [198.756, 216.448] | [196.9645, 214.65]

From Table 4, NHWIW achieved the lowest values for most of the criteria, indicating its high
fit to the data. The IW distribution was the least efficient due to its high values, as low values of the
criteria enhance the stability of the distribution when comparing models with different complexities .
Table 5. value of the statistical measures

Dist. W A K-S p-value
HWIW [0.03774283,0.0473640] [0.313303,0.341763] [0.103911, 0.106321] [0.900544,0.9142441]
BelW [0.04349193,0.0582771] [0.3464307,0.40208] [0.088246, 0.119375] [0.8107124,0.9765447]
Kulw [0.04234476,0.0551776] [0.341253,0.386771] [0.081400, 0.094516] [0.9572919,0.9896749]
EGIW [0.04774075,0.0614708] [0.370513,0.420625] [0.082911, 0.090155] [0.9714649,0.9874063]
LGamIW [9.373411,9.426508] [52.44084, 52.46839] [0.9483765, 0.94545] 5.551115e-16
GolwW [0.0627775,0.06469447] [0.461921, 0.464890] [0.12449, 0.1460138] [0.5858848,0.7699224]
IW [0.04225913,0.0575322] [0.339643,0.397695] [0.227421, 0.364774] | [0.001313552,0.1155558]

Table 5 shows that NHWIW achieved the highest p-value and lowest W and A values,
reflecting its high fit to the data. Other distributions showed poorer performance compared to NHWIW

Table 6. Estimator value interval for parameters by MLE

Dist. ﬁﬂr b N quN ﬁ N
HWIW [0.013462, 0.0280360] [3.3452479,3.5492839] | [7.5562016, 12.242277] | [1.918304,1.948398]
BelW [5.941547,6.880572] [3.479567, 3.568686] [6.136480,7.531162] [0.966692,1.129877]
uIW K [5.85491, 5.858095] [4.048258,4.141243] [6.026946, 6.382458] [1.111050,1.119379]
EGIW [3.8376168, 4.5794689] [6.6182216, 7.6331922] | [7.205414,7.2723604] [0.789913,0.848330]
LGamIW [7.337486, 8.415236] [5.380997, 6.665243] [7.4194373, 8.495675] [1.17855,1.194137]
GolWw [0.006215729,0.00781413] | [1.4543039, 1.4894439] | [1.9634420,1.9943284] | [1.486703,1.493761]
W --- --- [6.1610960,13.242297] | [0.8713852,1.14196]

Table 6 shows the estimated intervals of the main parameters of the NHWIW distribution
compared to other distributions (such as BelW, KulW, etc.) using the maximum likelihood estimation
(MLE) method for the first dataset. The NHWIW distribution showed narrow intervals of the
parameters, indicating the stability of the estimates, while other distributions such as BelW and KulW
showed greater variation in the intervals of the parameters, which may indicate their poor efficiency
compared to NHWIW,
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Figure 3: (a) Fitting pdfs NHWIW with histogram data set, (b) Empirical Fitted CDFs
NHWIW with data set
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Figure 3 (a) shows how well the probability density function (PDF) of the NHWIW distribution
matches the actual data for the first set. The distribution shows a strong fit with the structural
distribution of the data, with the curve following the shape of the experimental data. This indicates the
ability of NHWIW to accurately and flexibly represent real data. Figure 3 (b) shows the empirical CDF
compared with the theoretical CDF. The strong fit between the distributions reflects the efficiency of
NHWIW in representing the cumulative probability of the data.

Data set-2

The second is COVID-19 in Netherlands for thirty days [39]

Var

N | Mean | SD

Median

Trimmed | Mad | Min | Max | Range | SK | KU | Se
o w o — N = A w S | & |o
[N Ul w ol ~ N © o ) = @
w ES P = N N =N N a £ o | &
Tl o |w o © v e | e = o |5 |o
w 13 > K] o} w o > 3 o o
» <) S al N o)) w ] o a1
Table 7. results of the criteria for the distributions
Dist. 2L AIC CAIC BIC HQIC
HWIW | [76.43589,77.09943] | [160.8718, 162.1989] | [162.4718,163.7989] | [166.4766,167.8036] | [162.6648,163.9919]
BelW | [76.48142,77.32048] | [160.9628, 162.641] | [162.5628,164.241] [166.5676,168.2457] | [162.7559,164.434]
KulW | [76.59179, 77.27442] | [161.1836, 162.5488] | [162.7836,164.1488] | [166.7884,168.1536] | [162.9766,164.3419]
EGIW | [78.25885, 79.37512] | [164.5248, 166.7519] | [166.1248,168.3519] | [170.1296,172.3567] | [166.3179,168.545]
LGamIW | [76.56406, 77.31349] | [161.1281, 162.627] | [162.7281,164.227] [166.7329,168.2318] | [162.9211,164.42]
GolW | [77.94244,79.25779] | [163.9185, 166.5239] | [165.5185,168.1239] | [169.5233,172.1287] | [165.7115,168.3169]
Y [80.90795, 81.86503] | [165.8159, 167.7301] | [166.2603,168.1745] | [168.6183,170.5325] | [166.7124,168.6266]

Table 7 compares NHWIW with other distributions using informative criteria such as AIC, BIC,
CAIC, and HQIC for the second dataset. NHWIW distribution had the lowest values for all criteria
compared to other distributions. Other distributions, such as IW and GolW, showed high values,

indicating their poor performance in fitting the data.
Table 8. value of the statistical measures

Dist. W A K-S p-value
HWIW [0.0233792, 0.0241559] | [0.1664448, 0.1756536] | [0.070432, 0.0770078] [0.9881955, 0.99588]
BelW [0.02499, 0.02863132] [0.185047, 0.2137449] | [0.08221554,0.085797] [0.96637, 0.977128]
Kulw [0.0217852, 0.0257614] | [0.1728076, 0.1938708] | [0.0685944, 0.076441] [0.9891058,0.9971004]
EGIW [0.0612384, 0.082723] [0.4535322, 0.57210] [0.1106459, 0.114588] [0.784162,0.8173854]

LGamIW [9.976712,10.01212] [60.25735,60.30363] [0.9854649, 0.987072] 1.221245e-15

GolW [0.0474965, 0.0719870] | [0.3674051, 0.5081394] | [0.0990987, 0.105585] [0.8571036,0.9018158]

W [0.1411036, 0.1590753] [0.940501, 1.032139] [0.1517456, 0.153257] [0.4380138,0.4503734]

Table 8 NHWIW had the highest p-value and the lowest values for W, A, and K-S, indicating
that this distribution is superior to other distributions and provides an excellent fit to the data and there

is no evidence to reject the hypothesis of the distribution. Distributions such as IW showed high values
for the criteria, reflecting their poor representation of the data.

Table 9. Estimator value interval for parameters by MLE
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Dist. Eﬂr Eﬂ" ﬁ;.lr ﬁﬂr
HWIW [5.837801, 6.1923656] [4.02133, 4.2564547] [0.8979603,0.91083] [0.3596752,0.37002]
BelW [0.326699, 0.5555232] [23.3992253,26.28143] | [13.330017,19.726555] | [0.642861,0.746774]
Kulw [3.5882782,9.1795205] [65.592337, 74.372615] | [1.0179446, 2.7114185] | [0.421744,0.426545]
EGIW [4.458458,5.3694787] [2.5368242, 2.864744] | [3.8798198,4.1462443] | [0.652446,0.696044]
LGamIW [0.4306123, 0.5999024] [21.714107, 25.562351] | [12.796964,15.607732] | [0.624186,0.698871]
GolwW [7.8853573,8.9050606] [0.9466685, 1.2100697] | [7.3119639,8.3552368] | [0.706303,0.712820]
W -- --- [7.869781, 8.576315] | [1.553003, 1.564124]

Table 9 NHWIW distribution showed more accurate and stable estimation intervals compared to
other distributions. Distributions such as GolW and BelW showed wide variations in estimates.

Neutrosophic HWIW with Histogram data Empirical Fitted NHWIW CDFs

0.75

0.25

b !
xn Data

(a) (b)

Figure 4: (a) Fitting pdfs NHWIW with histogram data set2, (b) Empirical Fitted CDFs
NHWIW with data set2

Figure 4 (a) shows how well the PDF of the NHWIW distribution fits the real data of the second
group (COVID-19 data). The curve shows that NHWIW captures the main characteristics of the data.
The good fit indicates the flexibility of the distribution in dealing with different types of data. Figure 4
(b) compares the empirical CDF with the theoretical NHWIW CDF for the second group of data. The
close fit between the two curves reflects the accuracy of NHWIW in predicting the cumulative
probabilities of the data. This enhances the reliability of the distribution and its relevance to real-world
data such as COVID-109.

Conclusion

The NHWIW distribution showed high efficiency in representing real data compared to 6 other
distributions. NHWIW outperformed in information criteria (AIC, BIC, CAIC, HQIC) and statistical
criteria (K-S, W, A, p-value). The distribution has great flexibility that enables it to adapt to uncertain
or ambiguous data using neutrosophic parameters. The maximum likelihood method (MLE) was the
most accurate in estimating the parameters, indicating the stability of the model. Simulations proved
that NHWIW provides accurate estimates even with small or medium sample sizes. The distribution is
suitable for representing real data such as under-five mortality and COVID-19 data in the Netherlands.
NHWIW showed high agreement with experimental data as shown in the figures. NHWIW represents
an important step in applying neutrosophic logic in statistical modeling and bridges the research gap in
integrating ambiguous data with complex mathematical distributions.
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Abstract: In recent times, computational efficiency has witnessed a tremendous development, making it a vital
element in many sectors such as applied sciences, medicine, industry, technology, and mathematics in general.
However, these techniques face significant challenges related to the ability to apply them effectively and safely.
Although there is much research on numerical optimization methods in mathematics, there is a lack of directions
that combine these studies and clarify the common trends between them. This review aims to provide a
comprehensive analysis of recent studies related to the applications of numerical optimization methods in solving
unrestricted optimization problems and nonlinear equations of different shapes and classifications, specifically
the derivative-free optimization (DFO) method, focusing on the challenges facing researchers in applying and
dealing with them, the opportunities available for the future, and ways to expand them. Derivative-Free
Optimization (DFO) refers to a set of optimization techniques used when derivatives of the objective function are
not available or are unreliable. This can occur in various practical scenarios, such as when dealing with noisy
measurements, complex simulations, or black-box functions where the mathematical form of the objective is not
explicitly known.

Keyword: Derivative-Free Optimization Methods, optimization problems, Direct numerical methods.
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1. General Overview of Derivative-Free Optimization (DFO)

Derivative-Free Optimization (DFO) refers to the process of improving candidate solutions for problems where
derivatives, either analytical or automatic, are not accessible, unreliable, too expensive to obtain, or their errors
are too large to be useful. DFO methods have remained, for a number of decades, one of the most evolved and
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effective subfields of derivative-free methodology. This is primarily due to the great abundance of practical
scenarios where no analytical gradient of the function to be minimized is available. Applications where DFO is
particularly necessary are numerous, including cases where computational simulations are used to represent
complex physical phenomena described by partial differential equations or in cases of other systems where, for
example, the system is represented by a table of data and, in fact, an analytical expression describing the system
itself cannot be provided. Additionally, occasionally, even if an analytical gradient is known to exist, its
computation, as well as storing it, may not be feasible or advantageous, particularly when the problem dimension
is large. (Ploskas & Sahinidis, 2022)(Royer et al.2024)(Kim et al., 2021)(Ma et al.2021)(Phan et al.2022)(Jarry-
Bolduc, 2023)(Beyhaghi et al.2020)(Larson & Menickelly, 2024)(Zhao et al.2021)(Stripinis et al.2024)

There are many situations where problems occur where we cannot provide an analytical expression for gradients.
For example, in parameter estimation and the related fields of identification and calibration, the complicated,
multi-dimensional, black-box, noisy, possibly discrete computer experiments that give us the values of the fitness
objective to be minimized are generally obtained by running some sophisticated simulator, often written in some
compiled digital library and then called directly from the optimization code. This is usually required if the
simulator irresponsibly destroys the numerical evidence of its constraints. In the presence of such real-world
scenarios, which unfortunately are still numerous due to the increased exploitation of simulations in various
disciplines such as engineering, finance, artificial intelligence, and parallel and distributed systems, DFO
techniques and numerous algorithms are seen as a vital and necessary application.

1.1. Definition and Importance of DFO in Optimization Problems

Derivative-Free Optimization (DFO) is an approach to identifying a point that minimizes an objective function
within a suitable search space when there is no information about the first-order or higher-order derivative, such
as gradient, Hessian, etc. DFO enables us to solve optimization problems when

(i) The function to be minimized is computationally expensive to evaluate, and
(ii) The derivatives are intractable to compute.

Because of this, DFO has been widely studied and applied in various fields, including but not limited to machine
learning, engineering design, parameter estimation, and optimization in simulation. The main difference between
DFO problems and classical optimization is that gradients cannot be used to steer the search. Unlike derivative-
based optimization approaches, DFO iteratively refines the candidate solutions using the objective function value
without using derivative information. From a design perspective, the derivative-free optimization (DFO) problem
corresponds to a scenario that combines interval analysis with a black box and the box uncertainty set.
Collections of competing DFO methods have been proposed and compared on various DFO datasets. Generally,
DFO methods perform poorly on DFO datasets compared to their derivative-based counterparts. DFO algorithms
often converge to the estimated optimum of functions that have high, irregular variability. As limited as DFO
may be in terms of identifying global solutions, the method is appreciated because it finds a solution to problems
where the existing state of the art cannot, whereas, in practice, gradient-based optimization is used in most local
problems. It has been suggested that perhaps DFO is finding feasible solutions in NLP instances where first-
order optimization based on derivatives fails. Among the abundance of DFO approaches, there is no single
criterion for identifying all situations where each performs best. It is a problem-dependent selection of methods
that becomes important for solving DFO problems during applications. In general, to show where DFO stands in
the optimization world, some identification and comparison of the most competitive approaches are necessary
(Begin et al. 2010)( Rao, 2019).
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2. Historical Development and Evolution of DFO Techniques

Derivative-Free Optimization (DFO) techniques have a rich history spanning several decades and have
experienced continual evolution to become one of the most active, burgeoning areas in optimization research.
This section provides a historical perspective of how DFO technigques evolved over time and is divided into
seven subsections. We provide an overview of techniques, when the earliest work was published, and how these
ideas have evolved. The review structure and content are selected to offer a visual of DFO’s historical
evolution(Chen et al. 2012).

Research techniques used today in mathematical models for optimization problems can be traced back to
numerous milestones in theoretical developments and applications; the advances listed above had a significant
impact on the development of DFO techniques. Most recently, the rapid evolution of computation on everything
from personal computers to super machines has had significant implications in this field of research. Initially,
DFO techniques were developed for solving non-smooth optimization problems, but it wasn't long until
researchers also began applying DFOs to computationally difficult smooth problems(Mukherjee et al. 2024).

The field of optimization has always been driven by applications. The explosion of applications due to rapid
technological changes has expanded the portfolio of optimization challenges to include computationally difficult
real-world problems—problems that are hard to solve using classical optimization techniques. As indicated
above, the very nature of these problems inspired the creation of DFO methods as a separate discipline in
optimization research, rather than the strategy of last resort. These elements from a historical perspective
highlight the interplay between theoretical advances and the real-world need for improved optimization
strategies, changes in computation, and applications(Liu, 2024).

2.1. Early Approaches and Milestones in DFO Research

In this paper, we provide an in-depth overview of optimization methods based on derivatives. Our focus is on
modern derivative-free optimization (DFO), which has substantially advanced within the last decade. We argue
that despite the rise of derivative-based methods and the fact that it is possible to easily compute first-order
derivatives for many applications, DFO has its right to exist and keeps capturing the attention of research and
development communities(SANTOS,2021).

Derivative-free optimization (DFO) has often been formulated based on the approach to derivative-based
optimization. The idea of DFO can be found in the rational description of direct search methods. Direct search
(DS) refers to optimization methods that do not rely on first- or second-order derivatives of the objective
function. Although the name direct search came about long before derivative-based methods, DS has been
studied independently until a stronger connection to continuous optimization could be made. The start of the
modern era can be found in 1961 with pioneering work on the simple good terminating (SGT) method for
managing constraint violations. The approach was later advanced and subsequently generalized to allow for
control of memory and computational effort. At around the same time, principal axes search (PAS) was
intensively studied and can be interpreted as a variant of the method for the extreme case of having one
evaluation point, commonly called the zero-n neighbor method. Notice that redundancy in the number of
evaluations is the mother of pure DFO optimization(Ploskas, 2022).

Convergence analysis of the zero-n principal axes search and its stochastic variant was completed during early
1961, while correspondences with Kuhn were mentioned in 1963. During this time of rapid growth, many world-
class facilities emerged, ensuring progress was being made simultaneously across countries. Possible reasons for
the close release dates of derivative-free methods are:

(i) The original game-theoretical paradigm while working on more intensive work on cooperative games;
and
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(if) Continued work along the lines of potential competition and potential reduction direct search method.

After two decades of direct search research, the field moved away from and then back to optimal, combinatorial,
numerical, and analytical methods.

Zero-n based derivative-free optimization, such as the close of computerization, automated problem
transformation, automated analysis, automated design, and distributed algorithms, is a reflection of continuous
mathematical work being done in association with the extensive proliferation. While zero-n methods resolved
algorithmic issues such as quality of initialization and stopping tolerances with very few evaluations, the gain
from these methods may seem small. Yet, this is the allure of pure technology: it drives constant algorithmic
contributions. Initially, DFO was introduced to handle problems where the availability of the derivatives was a
major challenge. Since then, a body of research has emerged which indicated that optimization with gradients
was easier than before with the use of modern solvers that provide gradients(Royar, 2016).

3. Fundamental Concepts in DFO

The aim of this section is to give the readers some fundamental concepts for understanding all the methodologies
seen in the literature, and some motivation about the reasons why we do not use derivatives to optimize in
general. Derivative-free optimization (DFO) is a class of mathematical optimization strategies where the
optimization algorithm does not depend on the gradient or the Hessian of the problem to be solved. These
methodologies arose to cover some optimization problems that gradient-based optimizers are not capable of
solving. The use of the DFO approach, instead of the well-studied advantage of derivative-based ones, is mainly
due to the absence of a closed-form expression. Hence, computing or approximating the gradient relies on
specific designs or numerical calculations that would not always be possible within the methods of DBO.

At first glance, the absence of the gradient might sound like a restriction on the use of dimensionality reduction
strategies. However, this is not actually the case: the objective function may not give the same results as its true
value, leading to a lack of smoothness in the behavior of the surfaces. These problems are denoted as volcano
functions or barndoor functions, and they represent particular cases of optimization where the design of the
corresponding algorithm is considered a difficult pursuit. Roughly, there are two main effects when the gradient
information is not available: the manifold of solutions is wider, and therefore some optimality conditions need to
relax the convergence rate; and the convergence ceteris paribus strongly depends on the initial algorithm
configuration.

The lack of (inferable) smoothness in the objective functions also implies the need to design sampling strategies
(when the input dimension is relatively high, these strategies may not do exhaustive grid searches) and accurate
queries of the objective function that must ensure robust convergence due to the aforementioned behavior of the
parameter of interest; such strategies are supported by the classification of the function found in cases where
solutions are perturbed. Even more, due to the possible lack of regularities, the ultimate goal pursued is to
introduce convergence speculative algorithms in a broad sense. The aim is to demonstrate that the solutions are
"practically" optimal, since the convergence rate reducing the value of the function to the minimum is indeed one
of the most chimerical pursuits in DFO and its domain of applications: optimization without
derivatives(Scheinberg, 2000)( Custddio et al., 2017)( Hare & Macklem, 2013).

3.1. Derivative-Free vs. Derivative-Based Optimization

In many respects, the growth in popularity of DFO can be attributed to exploring fundamental differences and

similarities with derivative-based methods. One of the primary ideas to communicate is that derivative-based

methods have the upper hand whenever derivative information is available because this information is

exploitable and makes optimization tasks easier. In practice, derivatives reduce search space, speed up

convergence of methods, and empower problem-specific techniques by providing invaluable insights. This holds
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for unconstrained as well as constrained optimization. The speed-up of methods and insights of derivative
information become even more pronounced in smooth optimization, a notion commonly used when discussing
gradient-based optimization techniques. This sustainability for exploiting the derivative information in smooth
optimization is interlinked with relatively high-frequency methods as convergence angles are small in the
neighborhood of minima.

Unfortunately, though unconstrained optimization problems frequently have 'easy' search landscapes, using
second- and higher-order information provides faster, more efficient, and superior algorithms. These ideas are
the cornerstone of gradient- and/or Hessian-based derivative-free methods in smooth optimization. However,
there is also a body of evidence that makes a case for derivative-free methods having computational efficiency.
In conclusion, using derivative-based optimization when derivatives are not available is counterproductive and
cannot be used as an alternative in practice. Furthermore, rarely encountered or discontinuous objective functions
require specific algorithm design that is tailored to DFO. Additionally, using derivative-based optimization when
derivatives are available is an added computational overhead when repeatedly using DFO in high-resolution
studies (Korkel et al., 2005) (Larson et al., 2019).

4. Classification of DFO Methods

DFO methods can be divided into two primary categories: direct search methods and model-based methods.
However, the number of techniques and ideas behind DFO is quite diverse and rich. Hopefully, in the future,
some options from direct search techniques will be combined with the model-based ones. In this chapter, the
following classification and the main principles behind these methods will be presented.

Direct Search Methods:
o Nelder-Mead Method: A popular method that uses a simplex of n+1 points in n-dimensional
space to iteratively update the simplex by reflecting, expanding, and contracting.
o Pattern Search: An approach that systematically explores the space by using a pattern or a set of
directions to guide the search.
e Surrogate-Based Methods:

o Kriging (Gaussian Process) Regression: A statistical technique that builds a surrogate model of
the objective function based on a sample of function evaluations. It helps in making predictions
and guiding the search.

o Radial Basis Function (RBF) Interpolation: Constructs a surrogate model by fitting a radial basis
function to the sampled data.

o Evolutionary Algorithms:

o Genetic Algorithms: Population-based methods that mimic natural selection processes, using
operations like crossover and mutation to explore the search space.

o Differential Evolution: A type of evolutionary algorithm that uses differences between randomly
selected pairs of solutions to guide the search.

e Stochastic Methods:

o Simulated Annealing: A probabilistic technique inspired by the annealing process in metallurgy,
which explores the search space by probabilistically accepting worse solutions to escape local
optima.

e Response Surface Methods:

o Central Composite Designs (CCD): A technique used to build a second-order polynomial
approximation of the objective function based on sampled data.

o Box-Behnken Designs: A method for constructing response surface models that provides a
balance between the number of runs and the quality of the model.

Lastly, in terms of selecting methods, not only classification based on what is done in techniques can be helpful.
It can show the idea behind the method and be a hint when the techniques have been successful. If we have some
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conditions on the problem, we can consider using this piece of information to apply the appropriate scheme.
Choosing a different method than suggested does not preclude successful results; it was observed on some
benchmarks. However, considering these options can be a good starting point. The first classification mentioned
above provides such information because it can show successful ways of solving an optimization scheme. The
presented classifications can also give some prompts as to the nature of the methods and aid in deciding what is
the correct category to choose from.

According to the division used in the previous chapter, the current section presents a complete classification of
derivative-free optimization methods. Given the computational properties of the problem, a choice may be made
between these methods when trying to solve a particular problem. All the presented methods omit the analyzer
calculation or add randomization to work efficiently. In each case, it is not possible to take advantage of the
optimizer or the objective function(Custodio et al., 2017)( Audet & Hare, 2020)( Ma et al., 2021).

4.1. Direct Search Methods

Direct search methods traverse the feasible search space by performing simulations or experiments at a limited
number of sampling points, selected in a systematic pattern. The major characteristic of direct search is that it
does not use gradients. In each iteration, the position of the sampling points is determined without using any
gradient information. The design of the next points is generally based on the ‘appearance’ of the points so far.
The type of pattern generated in this way, together with the objective function, determines whether the search
advances or moves, i.e., the search direction. Direct search methods can be classified into complete direct search
methods, incomplete direct search methods, and compact direct search methods, depending on how and when the
sampling points are generated and evaluated. The use of a mating strategy between feasible and infeasible points,
especially in functions with a high proportion of constraints, reduces considerably unnecessary exploration in
infeasible regions and discarding good potential regions due to the usage of non-feasible points.

Direct search methods have several advantages. From a practical point of view, they are very simple and can be
easily implemented. They do not require the calculation of derivatives. In the context of DFO, if the calculation
of first-order gradients is cheap, methods that combine the use of direct search methods along with the
computation of the gradients can be used. On the other hand, they also have some limitations and difficulties. For
instance, direct search methods use a systematic search pattern that is not scalable in high dimensions. A
potential solution is the use of patterns that do not span the entire size of the search space. Moreover, the
convergence of direct search methods is still an open question. Many researchers have looked for a combining
strategy with local and global search. Some heuristics and genuinely technical modifications have been proposed
to improve and generalize the idea of a direct search method (Kramer et al., 2011)( Larson et al., 2019).

4.2. Model-Based Methods

The central idea of model-based methods is the construction of an approximation using samples to represent the
original function. By considering a certain number of data points, the surrogate model is then induced to fill the
gap between those data. Accordingly, a model of the objective function is shaped, stressing particularly those
areas where the surrogate function model is uncertain. By processing this model, decision-making is more
informed, resulting in refinement of the final solution. Model-based DFAs often combine exploration with
exploitation. The former points to further seeking of a solution by attempting to gain more information about
uncertain evaluations and leading to an enhancement of the trust in the surrogate model. Moreover, regarding the
exploitation point, the surrogate function is employed for the actual optimization strategy.

There are various DFO model-based techniques, e.g., methods stemming from Taylor expansions or utilizing
spline approximations. Popular models applied in various fields primarily include polynomial regression for their
ease of use and incorporation of standard majorization/minorization or radial basis functions as well as Gaussian
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processes as more powerful tools ensuring suitable model representations. Within the DFO community, attention
has mainly been given to Gaussian processes. The exploitation of a model-based approach can often lead to a
potentially faster convergence rate than using model-free methods. Moreover, a good surrogate model allows
heightened efficiency in terms of exploration, particularly in better exploiting the space. However, the
exploration is significantly dependent on uncertainties characterized by the surrogate model. An additional
strength of those methods is the capability of performing variable fixing to explore less promising regions. Some
candidates have been proposed to address variables at an optimal level in the case of multi-fidelity solutions.
Despite the promising and versatile features of Gaussian process surrogates, many issues concerning
computational costs, hyper-parameter adjustment, and updating strategies still hinder their applications. Much
effort has been poured into overcoming these issues. Model-based techniques have often proved effective in
practical scenarios. For instance, improving scaling factors for simulations with incomplete physical parameter
knowledge was properly handled by a combination of multi-fidelity co-kriging, chaotic map, genetic algorithm,
and artificial neural networks. Some key components, when categorized under EDA, help to predict wind drift-
tail mixing by employing a self-organizing map or neural network(Hutter et al., 2011)( Kumar & Levine, 2020)(
Eisenhower et al., 2012).

5. Key Components of DFO Algorithms
5.1. Exploration vs. Exploitation Strategies

Exploration strategies refer to methods in which the focus is on sampling different or diverse regions of the
search space. This is, in general, useful to understand the behavior of the objective function for distinct regions
of the domain. On the other hand, exploitation strategies focus on the exploitation of the solutions that led to
good results in the past by mainly concentrating on a small region in the proximity of the current best solution.

The efficiency of optimization algorithms is influenced by the right or wrong amount of exploration and
exploitation behavior. By solely performing exploitation, one may end up in local optima or miss the global
optimum. In contrast, overwhelming exploration may lead to slow convergence rates and result in inefficient
algorithmic behavior. A range of techniques have been proposed that contain both explorative and exploitative
properties aiming at offering a compromise for good overall algorithmic performance.

Adaptive methods dynamically change the focus during the course of the algorithm based on feedback received.
For instance, one well-known adaptive method is based on the concept of using a mesh as a local search heuristic
in combination with a local model of the objective function that is minimized without the need to evaluate the
objective function in the whole mesh. Some of the state-of-the-art algorithms adopt this strategy, guiding the
global search by adaptively, based on past histories, performing either exploration or exploitation behavior(Al-
Rifaie, 2021).

6. Applications and Case Studies of DFO

The various applications and case studies of DFO as a state-of-the-art optimization metaheuristic technique to
solve real-world optimization problems are demonstrated. Its applications show a broad range of problem sizes
due to its computational efficiency. The use of DFO demonstrates a convergence to nearly optimum solutions
and presents itself as an adaptive and more robust method for various engineering, finance, and artificial
intelligence-based problems. The engineering applications include a robust design optimization of a vehicle’s
side impact structure, oil pipeline batch arrangement optimized using DFO, and DFO used in aero-optical phase
characterized by means of an experimental weapon bay. The applications of DFO in financial and economic
studies include European general economic problems, American option pricing, and performance response
surfaces for European test problems. Various studies and case studies in artificial intelligence include the
autonomous learning capability and searching for the global minimum. Each case study serves a unique way to
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show the versatility of DFO. Thus, for a particular application, once the three top appropriate DFO methods are
identified, choosing one of them strongly depends on the level of importance of requirements and challenges of a
case study. The computational requirement of a case study will necessitate a user to choose a suitable DFO
algorithm among the three extracted best DFO algorithms. The amount of computational resource can be
estimated by the number of iterations provided processing time is held constant. How to properly evaluate the
computational cost when finite differences are used as a search engine, the simplicity of the used DFO
algorithms, and finally, the nature of the evaluated objective function in a case study are discussed. The future
use cases of DFO applications include density-based clustering application, genetic regulation, industrial DFO
applications, neural network training, pharmacokinetic multi-compartment model calibration, and UAV path
planning. These applications were extracted from different scientific studies including trajectory optimization.
This is because a common problem across these DFO applications is the need to handle multivariate,
multimodal, non-continuous, discontinuous functions, noisy functions, one-shot function evaluations, non-
smooth, non-convex, or differentiable functions. The use case applications of DFO show that DFO can be
employed in various studies regardless of the applied discipline (Audet & Hare, 2020).

6.1. Engineering Design Optimization

Derivative-Free Optimization (DFO) has been investigated and applied as a solution to various design
optimization challenges since the 1990s. Engineering design problems are often complex, with a high, non-
differentiable design space dimensionality and thus suffer from a lack of either closed-form expressions or
analytical gradients of the objective function, making DFO a feasible alternative to traditional derivative-based
optimization methods. It can be employed to optimize the design parameters of the system to yield an enhanced
steady-state value of the objective function by exploiting computational tool capabilities, such as emulators
developed using model-based reasoning techniques or simulation engines for developing metamodels using
computational fluid dynamics. The potential of DFO methods to address issues of nonlinearity, multimodality,
high dimensionality, etc., has been demonstrated in a variety of formalized test problems.

DFO methods have been successfully demonstrated in a variety of engineering optimization scenarios. This
includes the design and control of wind and solar renewable energy systems to track reference signals issued by
the grid operator, voltage and reactive power control in distribution systems, optimal control strategies, such as
scheduling and heat integration for the process industry, optimal keystroke level and cognitive workload
assessment in human-machine systems, controller tuning utilizing multidisciplinary design optimization, retrofit
design of subsea compressors, liner end geometry design in solid rocket motors, and optimization of an internal
combustion engine. The design in these problems is undertaken in high dimensionality design spaces in transient
and/or steady-state operational modes.

An engineering problem is different from a mathematical optimization problem due to the presence of constraints
and/or computational challenges. Constraints could be applied to represent physical laws such as mass
conservation, energy balance, and momentum, which could be violated if the suggested design change is
considered unrealistic. Additionally, due to the significant computational time, the power system operators may
utilize approximated modes of the power system model to work in cases of policy analysis and operational
planning. However, when simulator fidelity is needed for real-time operations, operator-driven control scheme
evaluations, and regulatory compliance checking, execution of computationally expensive simulations is
considered essential. Also called NP-Hard computing, these problems cannot be solved by evaluating all possible
evaluations. Therefore, randomized local search methods are essential to tackling such problems. Additionally,
global search optimization is necessary in the case of multimodal design spaces, as previously briefed.
Identifying small regions around local minima can be performed by hill-climbing methods, allowing the searcher
to explore regions around the found local minimum. Additionally, increased time will render the numerical
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search inexpensive as the region around the local minima is identified. However, the use of local search
algorithms may help ensure a suboptimal solution is not missed under such conditions.

7. Challenges and Limitations in DFO

Recent research demonstrates that DFO is inherently challenging in many aspects. It is hard to theoretically
guarantee the global convergence and the evaluation efficiency for minimizing non-convex and possibly poorly
conditioned functions. Many DFO methods encounter local minimizers or fail to converge to minimizers for
some non-convex problems. The number of function evaluations required for satisfying precision typically poses
a curse of dimensionality in high-dimensional search spaces since both the number of evaluations grows
prohibitively with the increasing dimensionality and the volume of the search region grows exponentially with
the increasing dimensionality. Some negative scaling results and numerical observations also indicate that the
level of noise, the strength of randomness, and the amount of sampling could have a significant impact on the
performance of DFO algorithms. It is challenging to evaluate these factors in a real-world optimization scenario
since real-world objective functions are typically non-challenging to different degrees, i.e., they do not possess a
uniform blend of all negative features.

Much current research on DFO aims to address these challenges. It investigates various solutions from
perspectives such as algorithm designs, variable and space transformations, function-prior learning, surrogates,
upper-confidence bounding, and sampling, as well as hyper-parameter settings. Specifically, given a finite
budget for evaluating the black-box objective function, many new methods aim to alleviate the curse of
dimensionality by more efficiently navigating sampling in the search space, more accurately inferring objective
function behaviors, or more precisely evaluating and updating the acquired information. However, different
methods seek different trade-offs between evaluation efficiency and model accuracy because it is challenging to
jointly benefit from both aspects. More precisely, the purely global search approach is efficient for evaluation but
has the limitation of ignoring sampling accuracy, whereas the pure exploitation approach will deal with the latter
but not the former. Emerging convergences illustrate that acquiring the right balance between evaluation budget
and model accuracy is of significant interest in the development of nonlinear optimization approaches.

Although the state-of-the-art DFO methods have made considerable advances, research in this area encounters
some challenges that need to be thoroughly researched and addressed. Several frequently encountered pitfalls in
practice have been observed. Several black-box objective functions are expensive and even intractable to
evaluate. It is indicated that the performance of inexpensive DFO algorithms would degrade, particularly for the
optimization of black-box functions that either present a considerable amount of randomness or accumulate
significant noise during evaluations. A reasonable adjustment arising from the cost evaluation for noisy and
random functions has been suggested via adjustments in the log budget. Non-convergence may be observed in
this situation. One important route for future research is to focus on narrowly escaping from local minima traps
either analytically or numerically. Several practical problems for which this is often observed remain to be
identified by the research community. It was observed by a few observers that algorithms often employ ill-
advised explorations while failing to escape from the local minima traps. The DFO research community should
acknowledge that many formulations may encounter such pitfalls and recognize them as important challenges by
acknowledging these constraints or limitations. Even if they may be bridged by advancing the methods involved
in combining global sampling and global search, significant efforts have to be utilized to obtain competitive
solutions. Given the highly non-trivial significance of these pitfalls to the design of trust region methods,
significant breakthroughs could mark significant future contributions at the level of DFO technology (Cartis et
al., 2019).

7.1. Convergence Rates and Scalability Issues
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In this section, we offer insights into the challenges associated with obtaining improvements in the convergence
rates of DFO methods. We also analyze the impact of increasing the considered dimensionality on performance
in deep search methods and multi-objective optimizers.

Convergence has long been a measure of the performance of optimization algorithms. Good convergence refers
to the ability to quickly find a high-quality solution, combined with confidence in the reliability of that solution.
Determining the exact convergence rate for DFO methods is non-trivial due to the interdependency between
methods and test problems, though such convergence can be classified by how reliable the method is, in terms of
state or probability of convergence, and how rapidly the method is expected to reach the optimum. Although the
structure of a problem can impact the convergence rate of a DFO method, a low convergence rate can enable
other techniques, thereby avoiding premature convergence.

In higher dimensions or larger systems, feasible search areas become more likely to exist, indicating slow
convergence or convergence to a sub-optimal solution. Increasing the dimensionality of search problems also
increases the computational cost for individual function evaluations, broadening the definition of dimensionality
to include 'effective dimensions.' This is important in multi-objective problems in which a true definition of
dimensionality could involve not only the number of objectives and parameters but also the number and nature of
the constraints. The implications for the scalability of this limited notion of dimensionality are reduced to the
increased function evaluations, leading to an increase in computational budget time on system performance.
Techniques that adaptively sample based on past performance or smartly explore the entire design space show
promise. As for convergence in complicated problems, iterative optimization may have to be used. Without
verified filters, stagnation criteria should be fixed or adapted, with additional heuristics to facilitate further
exploration(Jamieson et al.,, 2012)( Cartis et al., 2019)( Larson et al., 2019).

8. Recent Advances and Future Directions in DFO

During the past few years, significant research on DFO has been conducted. The advances in computational
techniques have made it possible to solve complex problems in real-time, thus challenging DFO methods to be
more robust, efficient, and adaptive to changes in the searching environments. Recent studies proposed DFO
methodologies for specialized workings and changed the classical optimization techniques to derive more
powerful algorithms in different application areas. To fulfill the need for efficient algorithms, an integration of
machine learning into DFO methods has been used in the aerodynamics, flight mechanics, and multiobjective
optimization fields. On the other hand, several metaheuristic techniques have inspired researchers to develop
algorithms that imitate the behavior of certain logic. A recent study treated the global optimization problem using
a base optimizer based on natural laws. Researchers aimed to propose a novel optimizer in the DFO algorithm
family, which belongs to the class of crossing mechanisms in animal locomotion systems.

Four-legged animal mode: Develops a four-legged animal locomotion system. In the mathematical framework,
the hexapod functions as a multi-variable global optimizer that searches the function landscape. To our
knowledge, the integration of both strategies to identify the set of Pareto optimal solutions in multimodal
optimization has never been conducted before. A survey on multi-swarm techniques is also used in the
computation model of the DFO algorithm. In undertaking these models for the DFO algorithm, inspired solutions
of animal behavior are considered to be promising futuristic work. DFO algorithms that mimic the behavior of
animals, social organisms, and other natural inspirations have gained increasing attention. Nowadays, it becomes
attractive to mimic a hybrid of the derivation-free and mutation-based evolution strategy in DFO adaptations,
i.e., a combination of the swarm-based, mutation-based, and so on in DFO adaptations.

All constants in the elementary operations should influence the optimization technique differently in the process
of exploring and exploiting the mathematical space; modification of these constants may impact the optimization
technique differently. Devising a new strategy is a very challenging task in nature. A future research challenge in
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developing DFO is the ongoing need for enhancements in light of their many applications. Real-time
environments, data-driven modeling, robust and fast characterizations, huge signals or characteristics, and
physical behaviors impose many boundaries that necessitate the design of an accurate and efficient DFO method.
In principle, there exists no such DFO method that is inherently faster than all the others in every aspect of
optimization. Since the human-inspired optimization strategies continuously and tirelessly follow the
improvements in at least a specific aspect of the optimization process, every newly proposed DFO technique
should be compared not only with its recent ancestors but also with the more classic ones anew. Therefore, the
meaningful construction of corresponding benchmarks largely depends upon evolving applications. There is
absolutely no fixed set of test functions that can be universally classified as the representative test problems for
all natural scenarios. The construction of an efficient DFO method, therefore, inherently necessitates exposure to
the needs and demands of continuously evolving practical applications (Young et al., 2021)( Custddio et al.,
2017)( Roberts, 2019).

8.1. Metaheuristic Integration in DFO

Metaheuristic integration within DFO is widely considered in terms of how it improves optimization outcomes.
Metaheuristics are population-based algorithms in nature and work closely with the DFO algorithm to add the
ingredients of search (exploration and exploitation) to the black-box optimization algorithm. Those algorithms
that improve the characteristics of exploration within the search space are called exploratory optimization
methods. They improve the current design points and automatically select them as a center for more local high-
resolution designs. Slightly adjustable, the method used in both exploration and exploitation generates optimal
solutions.

During the initial development of the DFO algorithm, metaheuristics played an initial fusion process or
standalone procedure. Over the last few years, there have been many strategies that make DFO amalgamate
metaheuristics as useful, adaptive, more robust, and domain-independent. There are different levels of
integration, which point out our continuum starting from independent evolution and ending with completely
iterated DFO. The most integrated and popular fields with metaheuristics are local search methods, genetic
algorithms, simulated annealing methods, and particle swarm optimization methods. Adaptive hybrid methods
are introduced as a modern era integration of DFO nowadays. The integrated process of variable metric methods
with genetic algorithms, ant colony optimization methods, and so on reflects good applications of DFO that are
used in current real-world problems. Together with this, there are many other integration problems to solve real-
world issues, leading to some challenging domains as well in optimizing the DFO. This includes optimal
population size selection, good combinations of parameters, balancing the domain between exploration and
exploitation, and diversification. Recent theoretical advice reported that they have shown potential to improve
black-box optimization of DFO. This is now a kernel idea of research to find the best combination and a single
way to tweak the experts' knobs and switches. The world is exploring more than many optimization approaches
with DFO in the optimum DFO solution (Ploskas & Sahinidis, 2022)( Gray & Fowler, 2011).
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Abstruct :

In this paper we introduced some of Runge-Kutta methods to solve (ODE)

In which application,application we using the results of Runge-Kutta method to obtain the (Tree-graph
) then this trees are using generate trees .

Where each node in the tree represents the calculated numerical values of the equation at each step. The
method is also applied to an electrical containing a resistor ( R), a capacitor (C ),and an inductor (L),
where the voltage damping equation is solved numerically and compared analytical solution .The
research concludes that tree representations provide a clear view of the numerical evolution ,making
them useful in other fields such as dynamic systems analysis.

Key words . Runge-Kutta method,Electrical Circuit Equation, Tree structure , Differential equations,
Numerical Analysis ,dynamical system.

1- Introduction :

Many researchers are using Runge-Kutta methods to solve many problems in Physic ,Chemical
,Engineering, and other Sciences .In (2012)Delin Tan and Zheng Chen are introduces a general formula
of Fourth-order Runge -kutta method [8] .

Gerald and Wheatley (2004)discussed the wide application of numerical analysis ,including Runge -
Kutta methods, in solving engineering problems[1]. Smith and Griffiths (1986) Adressed the usu of

Runge -Kutta methods for solving initial value problems-in ordinary differential equations [3] . Ogata,
K. (2009). utilizzed the Runge -Kutta method to find the numerical solution[4]. Zill (2008) applied the
method to solve deferential equations with modeling application [5] .Kreyszig (2011) provided a
comprehensive explanation of Runge -Kutta method advanced engineering mathematics [7] Prentice

Hall Bashir M.S. and Mohammed M.S.(2008) are used Runge-Kutta methods of higher order to
solving stiff systems [9] .

In (2009),Dawood S. used Runge-Kutta method to find the numerical solution for (C2\C1\2\3) System
[10].

Bratislar T. in(2004) is used the Runge-Kutta method to solving flow problems , which the governing
equation is ordinary differential equation (ODE).[11].and the classic refreence by Kreyszig
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(2011)which provides a solid background in engineering mathematics and numerical solution

techniques [15].

Theoretical part :

2- ALGORITHM RUNGE-KUTTA METHOD OF FOURTH ORDER

Now,we introduce the algorithm of Runge-Kutta method and we using the results to obtain Tree-

graph .

2.1 Algorithm Inputs :

® A function f(x,y) representing the differential equation y =f{x.¥)
® Initial values x, and y,

® Step size h,which determines the increment in each iteration

® Number of steps N, specifying how many iterations to perform .

Execution steps:
2.2 Determine the computation points:

The range between x; and x, is divided into equally spaced points
xg+2h, x4y = x5+ Nk

2.3 Compute the four intermediate values k, . k,.k; and k,
Forn=0,1,....,N-1 do:

ki = hf(x,.7,)

ky = hf(x, + Zron+5 ky)

ky=hf(x, +iny, + k)

ky=hf(x, +h,y, +k;3)

x, +1=x, +h

Vot 1= v, + Ztky+ 2ky+ 2kg+ ky )

2.4 Construct the Tree Representation :

X =x,+ h x, =

a - Each node stores (x-n ,y-n ) ,and links between nodes represeut the computa-

Tioual steps .

b - The root represents the initial conditions ,and each level corresponds to the
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Numerical solution at sub subsequent steps .

OUTPUT :

a-x, +1,y,+1

b -The tree structure representing the numerical evolution of (x-n,y-n) .
End
Stop

End

3- Particular Part :

In this section we applying the Runge-Kutta method to solve the electrical-circuit
and we obtain the Tree-graph .

Consider the circuit of figure 2.2 containing a capacitor of C for Example : using the Runge-Kutta
method with Kutta's constants

ads , a resister of R ohms , and an inductance of L Henries .

[ e

- —— ———

%

figure 3.1 Electrical circuit .
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Assume that the capacitor is initially charged to a voltage Vo , and that suddenly the switch is closed at
time t =0 . show that the ordinary differential equation describing V , the damped oscillation of voltage
across the capacitor is given as a function of time by
da*v dav _
LCF+RCE+V—0, 3.2

Subject to the initial conditions

V(0) = Vo
3.3
dv
— (=0
= (@
Leta® =L & 3.4
L S Ih

=1

a = 4 |a@?|

And show that the following analytical solutions satisfy (3.2) with conditions (3.3):
For @ = 0 (the under-damped or oscillatory case ) :

—Rt . -1, R
Vy sx*pLE}cnsLﬂcr—mn Lﬂ.—}}

V= — = . 3.5
o CL

For @ =0 (the critically -damped case ):

V = v exp (— L} (14355 3.6 For @< 0 (the over-

damped case ):

V=V EXI]( |:1 4Eﬂ"|aurpn::tﬁ+| —4LII‘|scx'p| ﬂt‘u] 3.7

Write a test program that calls on RUNGE to solve the differential equation (3.2) with initial conditions (3.3 ).
and then compares the numerical solution with the value of the appropriate analytical solution . For test
purposes ,consider the following cases :

V, = 100 volts

C=2X107" farads

L = 0.5 henries

R = 100 ohms

h = 0.00001,0.0001,0.001,0.002,0.005,0.01 .

Method of Solution

The fourth-order Runge-Kutta algorithm for the one-step integration of a single first-order equation

with one appropriate initial condition i = yi(x) i=12,....,n
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The initial conditions for the zeroth step Yio = 123,.....n will usually be known exactly .There

after,the initial conditions for the ith step will be approximations to the true initial conditions
¥ (x.).j = 1,2,...,mn,since they will result from applications of Runge-Kutta method on the (i - 1)th

interval . For a system of n equations . the one -step integration across the ith interval may be

described by : v,y =y +h0; =y, +h(k;y +2k;; +2k;; + k) /6 3.8a
Kig = Fi(x+ yeyae e Vi ) - 3.8b

Vi = Yyt gk 3.8¢

ki = filx; +§ R i o¥ai s ¥ni ) 3.8d

Vi = ¥+ inkp . 3.8e

kja = filx; + ‘ih Fai T2 P ) 3.8f

Vi = ¥+ hkg 3.8g

Kis = {2+ h Vg Fg50eeenen Ve ) 3.8h

The relationships in (3.8) are applied in parallel at each point in the algorithm for all n equations, that
is forj=1,2,3,....n

Let four vectors of length at least n be denoted by the names Y, ¥, F and ¢ .Before carrying out the
Runge-Kutta integration for the ith step , the following variables must be initialized : x<x;, value of

the independent variable .

h<h, step size for integration across the ith step , x;4, = x; .

n<—n , number of first -order differential equations .

Yoy, j=1.2,...n solution values for the n equations at x; .

Then (3.8) may be described by a five-pass procedure .
Pass 1

1. Calculate the values ,f; J=1,2,....,n using the current x and Y; values.

These are equivalent to the values k}.l, j=12,...,n,0f (3.8b)

-F;' — f;, (xyj_rygl""lyn) :k_;u'i = f;l( T TN 4 TTEEED

LA

(3.9

s Vnij=1.2..
Pass 2

2- Save the current va/uesij- .j=1,2,...,n in another vector of equal lengthY , The assigns the

solution values at the beginning of the ith step to the vector ¥ .

i_j- “V=y; Jj=12,.... N (3.10)

3- Begin accumulation of the values $; 0 =12,..... .n,in (3.8a)
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¢, «F =k, j=123,..n .(311)

4- Compute the value }r;- J=1,2,....,n,in( 6.3.8¢c) and assign them to
Elements of the vector Y .

Ve ¥ +2r=t=ypilte,,  j=12,....n. (312)

5- Increment x to the value needed in (3.8d)

x<—x+§ x4l (3.13)

6- Calculate the values ,1'3 J =1,2,...n using the current x and Y; values .These
Are equivalent to the values k}.z J= 1L2,..... ;n,of (3.8d)
Fie fi(x ¥y Yo ¥) =k = f; (x; + 2 95,95 0o ¥5:) = 1,2,.n (3.14)
Pass 3
7- Add the contribution of kﬂ tog;,j=12,...,nin (3.8a)
¢; —¢; +2F; = kyy + 2k;; - (3.15)

8- compute the valuesy;; ,j = 1,2,....n,in (3.8e) and assign them to elements of the vector Y.

h —
1‘:} — }fr + z Fj =¥ji =¥ji +%.’f}-z s J=1,2.3 . (3.16)

9- calculate the values ,1'3., j=123,..... .1 using the current x and Y; values .These are equivalent to
the values k}-a J=123,...n,0f (3.8f)

F:r <_f3 (x:Yj_;Yg, ...... ” Yn:] =f{}_3

=, (X +e T o Fagreeees V) o] = 12,m (3.17)

Pass 4

10- Add the contribution of kja tod; ,j=12,.....,mn in (3.8a)
P, & P, +2F, =k; +2k; + 2k, i=12....n. (3.18)

11- compute the values y;; ,j = 1,2,....,nin (6.3.8g)and assign them to elements of the vector Y.

i

Y, « ¥, +hF, =% =y, +hk;; , j=12,....n . (3.19)

L J J3
12- Increment x to the value needed in (6.3.8h) .

xexdt =x +h =xy, . (3.20)
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13- Calculate the values f;, j = 1,2,....,n using the current x and Y ,values .These are equivalent to
the values k}.q d=12,....,n.0f (3.8h)

F « (oY, Y, %) =k,

=f; ¢, hF5, V5 oo, W0 ) i =12,n . (3.21)
Pass 5

14- Complete the evaluation of ¢, j=12,....,n .in (3.8a) .

*#’J- — (c;b}- + F;] J6 =( kj-i + Zk_,-z + Ek_;,-a + kﬁ] J6 . [3.22j

15- Compute the values y; ;.4,j = 1,2,...,n .in (3.8a) and assign them to

Elements of the Y vector .

Y, « Y, +he; =y +he; . j=12....n . (3.23)

As a consequence of the procedure described by (3.9) to (3.23), h and n remain unchanged , and x and
the vector Y contain :

X = X4 ,value of the independent variable Y, =y;,., ,j=12,.....n
Solution values for the n equations at x;.4

All initial values have been assigned for the next integration step , from

X;1q L0 X;3, ,The step size , h, may be changed if desired .The five — pass

Procedure of (6.3.9) to (6.3.23) may be repeated for the next step .
Note that the parts of the procedure given by (6.3.9),(6.3.14),(6,3,17) and
(6.3.21) are identical ,

F; « f; (.Y Yoo Y,) j= 12,00m (3.24)

And are the only ones that refer directly to the n differential equations,

fi.J=12,....,n.0f (3.1) .Therefore it is possible to write a general

-purpose function called RUNGE that implements all parts of the procedure out-

Lined ,except for initialization of n,x,h and Y., j=12,...n, and step (3.9),(3.14),(3.17) and
(3.21).The calling program will then contain all information about the specific system of differential

equation ,and be responsible for printing result ,changing the step size ,terminating the integration
process ,and evaluating the F,when needed . The five passes of the algorithm can be handled by five

different calls upon RUNGE ,as shown schematically in Fig.3.2Let a step counter ,m ,preset to 0 ,be
maintained by the function RUNGE ,and let the value returned by RUNGE signal the calling program to
indicate whether theF;. j=12,.....n .0f(3.24) of are to be computed (following the first four passes
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Jor not (when integration across one step is completed following the fifth pass). Let the value
returned be 1 when theF; are to be evaluated and 0 when one complete integration step is completed

.The main program used to lest the function RUNGE solves the second-order ordinary differential
equation (6.3.2) subject to initial conditions (3.3) . Since the charge .q.on a capacitor is related to the
capacitance ,C.and voltage ,V, by: g =CV . (3.25)

The current, i, into in the capacitor is given by:
i= i= -2 ¢ (3.26)
The voltage ,V, across a resistor and inductance in series is given by :
V=L1%sr . (3.27)
Then ,from (6.3.26)and (6.3.27),the voltage across the capacitor as a function of time is given by (3.2),

d2v
dt2

__Rmrdvr_ 1
=~Tar ¢’ - (3.28)

The initial conditions are :
vy =v, , =0 (3.29)

dt

Differentiation of the three proposed solution ,(3.5),(3.6) and (3.7), and substitution into (3.28)
,shows that ,for the given value of @* , each satisfies (3.28) and initial condition (3.29) .

The second-order equation (3.28) must be rewritten as a system of two first-order equations . Let :

Y, =V
_ dV
L= (3.30)
=t
Then
—dvy _ dv_
F; = dax ar 2
_dvy d% Rdv 1., Ry _ L
FZ dax dre L dt e’ 71 Yz Lc'1 - (3-31)
The initial conditions of (3.29) are
Y,0 =0 . (3.32)
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Initialize
X, h, n,
Y j,i=1l;.m

k = RUNGE (n, Y, _
Exh) m=m+1

m=1

Ti= eqn (6328 Pass 2: Pass 3: Pass 4: Pass 5:
7 _(% U IF Pass 1: eqns. (6.3.10) eqns. (6.3.15) eqns. (6.3.18) eqns. (6.3.22)
J = trnend) to (6.3.13) and (6.3.16) to (6.3.20) and (6.3.23)

Print
solutions m
if desired

Il
o

Change
step size, h,
if desired

The Tree of calculation values via Runge-kutta

Represent the calculation of the time values of voltage and current using the Runge-Kutta .Each node
dr

represents the value V,, and U, = = atacertain step,and the frika is an expression of the

relationships between these values.
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Tree Representation of Runge-Kutta Solution for Electrical Circuit

Vo0, u0

/N

V], ul VI, ul'
V2, u2 V2 u2'

V3, u3 V3', u3'

Explanation of the drawing

1- Nodes : Each node represents the value of voltage V and current U=§ at a certain step.

2- The root represents the initial values( vy ,ug ) .
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3- Grills : An expression of the calculated values at the different ascending steps
4- using the method Runge-Kutta fourth .

5- Edges : The strip of values between each other , where each bit becomes anew risk in the numerical
load .

Conclusion

1- The Runge-Kutta Fourth-order method provides a highly accurate numerical solution for RLC
circuit differential equations .

2- Tree-based representations help visualize computational dependencies and provide a structured way
to understand numerical evolution.

3- This approach can be applied to broader fields such as control systems ,dynamic analysis ,and
applied physics .
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